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Forewords 

Drs. Cramer and Darby, with the able assistance of col

leagues in Anatomy and Physiology at the National 

College of Chiropractic, have created a remarkable re

source for both clinicians and students. 

Basic and Clinical Anatomy of the Spine, Spinal 
Cord, and ANS is designed to facilitate a learner's un

derstanding of important anatomic concepts and their 

relationship to clinical practice. The most important as

pects of this book include comprehensive coverage of 

spinal anatomy and related neuroanatomy with clear ex

planations of structural relationships; the extensive use 

of iUustrations and photographs to enhance anatomic 

detail; and numerous well-referenced clinical pearls that 

relate anatomy to clinical care. 

Anatomy faculty and students will find that this book 

goes beyond a mere description of the structure of the 

spine and nervolls system. It sets out to explain how a 

structure developed, to uncover patterns of distribution, 

and to foster an appreciation of the morphologic basis of 

variation. Anatomic facts are presented within the con

text of their mutual relationships and clinical relevance. 
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This inevitably leads to comprehension of the underly

ing principles involved and facilitates anatomic reason

ing and easier acquisition of additional morphologic 

facts and concepts. 

For the cliniCian, this book provides essential back

ground knowledge for the safe and appropriate care of 

patients with neuromusculoskeletal disorders of the 

spine. Valuable chapters have been included on the sur

face anatomy of the back, muscles that influence the 

spine, pain of spinal origin, and the microscopic 

anatomy of the zygapophyseal joints and intervertebral 

discs. Special emphasis is placed on stnlCtures that may 

be affected by manual spinal techniques. Each chapter is 

extensively referenced. I highly recommend this invalu

able resource to all students and practitioners who reg

ularly care for patients with spinal disorders. 

Alan H. Adams, D.C. 

Vice President for Professional Affairs 
Los Angeles CoUege of Chiropractic 

Whittier, California 



Medical textbooks are usuaLly targeted at the interests 

anel needs of undergraduate medical students. While on 

one hand this helps provide a common language among 

health care providers, it frequently does not do justice to 

several special areas of concern to those students and 

practitioners interested in neuromusculoskeletal func

tion. Nowhere is that deficiency more apparent than in 

the anatomy of the spine and of the autonomic nervous 

system, two areas that are of particular relevance to clin

ical practice. This has placed a burden on those involved 

in the teaching of anatomy, as well as on those desiring 

to extend their knowledge beyond the rather terse de

scriptions of these topics available in most anatomy 

texts. 

Therefore I received with enthusiasm the news that 

Drs. Cramer and Darby were embarking on a project to 

create a text that would remediate many of the deficien

cies in existing anatomic textbooks. Some of my excite

ment came from the fact that I have known these au

thors for many years and have recognized their commit

ment to undergraduate and graduate education. My 

optimism was based on the knowledge that their teach

ing methods and style of exposition had been "field 

tested" on literally thousands of students over more 

than a decade. I am pleased to say that the product does 

not disappoint. The authors present difficult concepts 

clearly and concisely. The selection of material is appro

priate for both the undergraduate student and for any

one in the field wishing to solidify their foundations or 

"brush up" for examinations. 

In recognition of the highly visual nature of anatomy, 

the text is supplemented with detailed illustrations, 

many in full color. In addition, many high-quality pho

tographs taken of careful cadaver dissections reinforce 

further important concepts in the anatomy of spinal re

gions. I believe that this is particularly helpful to the stu

dent of anatomy who is asked to dissect the spinal re

gion aided only by atlases, which do not do justice to the 

region. Finally, I am very pleased by the addition of ra

diographs, computed tomograms, and magnetic reso

nance images. With the proliferation of diagnostic imag

ing technology in clinical practice comes a special im

portance in presenting radiographiC anatomy in a 

manner that supports further study of radiographic 

pathology. In short, I believe that this text fills an im

portant deficiency in modern medical anatomy text

books and will be a valuable addition to any library. 

Rand S. Swenson. D.C.. M.D., PIl.D. 

Department of Anatomy and Section of Neurology 

Dartmouth Medical School and Dartmoutll-Hirchcock Medical Center 

Editor, Journal of tbe Nellromllsculoskeletal !»stem 
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Preface 

Current anatomy texts that describe the spine, spinal 

cord, and autonomic nervous system frequently discuss 

this material in a rather general way. Often the pages de

voted to these topics are scattered throughout the text, 

deemphasized, or relegated to later chapters. At the 

other end of the spectrum, several highly specialized 

texts on spinal anatomy describe a single region of the 

spine. In some instances even subregions of the verte

bral column, such as the intervertebral discs or interver

tebral foramina, become the sole topic of the text. These 

general and specialized texts both serve important pur

poses. However, we felt that a need existed for a cohe

sive, well-illustrated text covering spinal anatomy, which 

included the neuroanatomy of the spinal cord and the 

autonomic nervous system as well. 

The purpose of this book is threefold: 

• To provide an accurate and complete text for stu

dents studying the spine, spinal cord, and auto

nomic nervous system. 

• To serve as a reliable reference to spinal anatomy 

and related neuroanatomy for clinicians and re

searchers. 

• To help bridge the gap between the basic science 

of anatomy and the applied anatomy of clinical 

practice. 

To accomplish the first purpose the anatomy of the 

spine, spinal cord, and autonomic nervous system is or

ganized with both the student and the clinician in mind. 

The first chapter on surface anatomy provides both the 

neophyte and the seasoned clinician with a valuable re

source-a comprehensive view of surface landmarks 

and the vertebral levels of clinically relevant structures. 

General concepts also are emphasized throughout the 

book through many illustrations and photographs to 

help the reader establish a three-dimensional image of 

the spine, spinal cord, and autonomic nervous system. 

The second purpose of the text was accomplished 

with a thorough search of the current literature in spinal 

anatomy, with the results of many of these clinically 

relevant studies included in the text. Even though the 

science of anatomy is very old, a surprisingly large num

ber of studies related to spinal anatomy continue to 

appear in the scielltific literature. The past 15 years 

have also seen an explOSion of new neuroanatomic 

information. 

Including the results of recent investigative studies 

also provided a means by which the third objective of 

this book was attained. This objective was to serve as a 

bridge between the basic science of anatomy and the ap

plied anatomy of clinical practice. Throughout the text 

the results of clinically relevant research have been pre

sented with a red nile running beside, thus providing a 

rapid reference to this clinically applicable information. 

III addition, a chapter on pain generators and pain path

ways of the back has been included (Chapter 11). This 

chapter focuses on those stnICtures that can be a source 

of back pain and details the manner by which the re

sulting nociceptive stin1uli are transmitted and perceived 

by the patient. 

Numerous magnetic resonance imaging scans have 

been included throughout this text. The purpose of 

these scans is not only to demonstrate clinically relevant 

anatomy, but also to aid the tmfamiliar reader beginning 

the exciting process of learning cross-sectional spinal 

anatomy, which is often clearly demonstrated on these 

scans. 

xi 



xii PREFACE 

This book is designed to serve the needs and interests 

of many groups. The basic anatomy and concepts should 

be an aid to the beginning student of spinal anatomy 

whether they be allopathic, osteopathic, chiropractic, or 

physical therapy students. The text should also provide 

a ready source for those in clinical practice desiring a 

rapid reference on a specific topic related to the spine, 

since the book is arranged topically and exhaustively 

indexed. Finally, the inclusion of the results of recent re

search studies, as well as discussions on clinically related 

topics, will hopefully spark interest and highlight the im

portance of the spine for the new students, as well as the 

experienced individual. 

Gregory D. Cramer 
Susan A. Darby 



Introduction 

This book has been organized with two groups of 

readers in mind: those studying the spine for the first 

time, and those clinicians and researchers who have pre

viously studied the spine in detail. Therefore we have ac

cepted the daunting task of designing a book to act as a 

source of reference and as a book that is "readable." To 

this end an outline has been included at the beginning of 

each chapter. This format should help the reader orga

nize his or her thoughts before beginning the chapter 

and also provide a quick reference to the material of in

terest. A complete subject index is also included at the 

end of the text for rapid referencing. In addition, items 

of particular clinical relevance and the results of clini

cally relevant research appear with a red mle beside the 

material throughollt the book. 

This highlighting procedure is meant to aid students 

and clinicians alike in focusing on areas that are thought 

to be of particular current importance in the detection 

of pathologic conditions or in the treatment of disorders 

of the spine, spinal cord, and the autonomic nervous sys

tem. Discussions of the clinical relevance of anatomic 

stmctures are included to relate anatomy to clinical 

practice as efficiently as possible. 

Chapter 1 discusses surface anatomy. It contains in

formation not only useful to the student who has yet to 

palpate his or her first patient, but also to the clinician 

who examines patients on a daily basis. Chapters 2 and 

3 relate the general characteristics of the spine and 

spinal cord, using a basic approach. These chapters are 

directed primarily to the beginning student. A quick re

view of these chapters, with attention focused on the 

sections highlighted by a red mle, should also be of ben

efit to the more advanced student. Chapter 2 includes a 

section on advanced diagnostic imaging. This section is 

provided for the individual who does not routinely view 

computed tomography and magnetic resonance imaging 

scans. A brief description of the strengths and weak-

nesses of both imaging modalities and a concise 

overview of other less frequently used advanced imaging 

procedures are included. Chapters 3 and 4 relate soft tis

sues to the "bones" by describing the spinal cord and its 

meningeal coverings, and the muscles that surround and 

in.fluence the spine. This material is followed by a de

tailed study of the regional anatomy of the spine in 

Chapters 5 through 8. These chapters also include infor

mation concerning the ligamentous tissues of the spine. 

A more thorough presentation of the anatomy of the 

spinal cord and autonomic nervous system is found in 

Chapters 9 and 10, and the development and histologic 

makeup of the spine and spinal cord are found in 

Chapters 12 and 13. 
Please note that the first four chapters provide the 

groundwork for later chapters that are more detailed and 

contain additional information with specific clinical rel

evance. Therefore certain material is occasionally dis

cussed more than once. For example, Chapters 2 and 3 
are concerned with general characteristics of the spine 

and spinal cord with a discussion of the various compo

nents of a typical vertebra, the vertebral canal, and the 

spinal cord within the canal. These stmctures are dis

cussed again regionally (Chapters 5 through 8) to a 

much greater depth to explore their relative importance 

and clinical significance in each region of the spine and 

to appreciate the neuroanatomic connections within the 

spinal cord (Chapter 9). 
Chapter 11  is devoted to pain producers (those stmc

tures that receive nociceptive innervation), the neu

roanatomic pathways for nociception from spinal stmc

tures, and the spinal and supraspinal modulation of these 

impulses. This chapter is designed for readers who have 

already completed study in spinal anatomy and neu

roanatomy. Chapter 12 discusses the development of the 

spine and is designed for use by students studying spinal 

anatomy and for clinicians who wish to refresh their 

xlii 



xiv INTRODUCTION 

knowledge of the development of the spine and spinal 

cord. Chapter 13 describes the microscopic anatomy of 

the zygapophyseal joints and the intervertebral discs. 

Since much of the current research on the spine is fo

cused at the tissue, cellular, and subcellular levels, both 

students and clinicians should find tills chapter useful at 

some point in their careers. Because of the rather spe

cialized nature of the last three topics, they have been 

positioned at the end of the book. 

CLARlFICATION OF ABBREVIATIONS AND 
TERMS 

Vertebral levels are frequently abbreviated throughout 

this text. The initials C, T, and L are used to abbreviate 

cervical, thoracic, and lumbar, respectively. Vertebral 

levels can then be easily identified by placing the 

appropriate number after the abbreviated region. For 

example, "TT' is frequently used rather than "the sev

enth thoracic vertebra." 

In addition, some potentially confusing terminology 

should be clarified. Throughout this text the term 

kyphosis is used when referring to a spinal curve that 

is concave anteriorly, and the term lordosis is used for 

a curve that is concave posteriorly. The term hyperlor
dosis refers to an accentuation of a lordosis beyond 

what is usually accepted as normal, and the term 

hyperkypbosis is used for an accentuation of a kypho

sis beyond the range of normal. This is in contrast with 

the terminology of some texts that refer to normal spinal 

curves as being "concave anteriorly" or "concave poste

riorly" and reserve the terms "kyphosis" and "lordosis" 

for curves that are deeper than normal. Although both 

sets of terminology are correct, the prior one was cho

sen for thiS text because we felt that this terminology 

would lend the most clarity to subsequent discussions. 

Finally, we hope that you, the reader, believe as we do 

that the long-standing interest of clinicians in the 

anatomic sciences is not an accident. Greater awareness 

of structure leads to a keener perception of function, 

and an increased understanding of pathologic conditions 

is the natural consequence. This results in a better com

prehension of current therapeutic approaches and the 

development of new treatment procedures based upon 

a scientific foundation. Therefore astute clinicians keep 

an eye toward developments in the stn.lCtural sciences, 

being aware that their concepts of human mechanisms 

may be influenced by new discoveries in these disci

plines. Whenever new knowledge of the causes under

lying dysfunction is developed, new therapeutic ap
proaches are sure to follow, and clinicians who have 

kept abreast of these recent discoveries will find them

selves as leaders in their field. 
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CHAPTER 2 

General Characteristic 
Gregory D. Cramer 

Function and Development of the Spine 

Development of the Spine 

Curves of the Spine 

Anatomy of a Typical Vertebra 

Vertebra.l Body 

Vertebral Arch 

Functional Components of a Typical Vertebra 

Zygapophyseal Joints 

Innervation of the Zygapophseal Joints 

Zygapophysea\ Joint Synovial Folds 

Zygapophysea\ joints as a Source of Back Pain 

Movement of the Spine 

Structures that Limit Spinal Movement 

Rotation wit.h Lateral Flexion 

Interbotiy Joint and Intervertebral Disc 

Composition of the Intervertebral Disc 

Anulus Fibrosus 

Nucleus Pulposlls 

Vertebral End Plate 

Innen'ation of the Intervertebral Discs 

Relationship of the Spinal Nerves to the Intervertebral 

Disc 

Syndesmoses of the Spine 

Vertebral Canal 

External Vertebral Venous Plexus 

Epidural Space 

Internal Vertebral Venous Plexus 

Meningeal and Neural Elements Within the Vertebral 

Canal 
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Intervertebral Foramen 

Accessory Ligaments of the Intervertebral Foramen 

Advanced Diagnostic Imaging 

Magnetic Resonance Imaging 

Computed Tomography 

Other Imaging Modalities 

The purpose of this chapter is to discuss the basic and 

clinical anatomy of the spine as a whole, that is, to in

troduce many of the features that are common to the ma

jor regions of the spine (cervical, thoracic, and lumbar). 

Some of the topics listed are discussed in more detail in 

later chapters. 

FUNCflON AND DEVELOPMENT OF TIlE 
SPINE 

The anatomy of the human spine can best be understood 

if the functions are considered first. The spine has three 

primary functions: support of the body, protection of 

the spinal cord and spinal nerve roots, and movement of 

the tnIllk. These varied functions are carried out by a se

ries of movable bones, called vertebrae, anu the soft tis

sues that surround these bones. A brief explanation of 

the development of the vertebrae and the related soft tis

sues is given to highlight the detailed anatomy of these 

structures. A more thorough discussion of spinal devel

opment is presented in Chapter 1 2. 

Development of the Spine 

Following the early development of the neural groove 

into the neural tube and neural crest (see Fig. 12-5), 

paraxial mesoderm condenses to form somites (see Figs. 

1 2-5 and 1 2- 1 0  A). The somites, in turn, develop into der

matomes, myotomes, and sclerotomes. Dermatomes de

velop into the dermis and the subcutaneolls tissue, 

whereas myotomes develop into the axial musculature. 

The sclerotomes migrate centrally to surround the 

neural tube and notochord (see Fig. 1 2- 1 0  B) The scle

rotomal cells then form the vertebral column and asso

ciated ligaments. 

Wllile the paraxial mesoderm is developing into 

somites, the more inferior portion of the neural tube 

17 



18 CHARACTERISTICS OF THE SPINE AND SPINAL CORD 

differentiates into the ependymal, mantle, and marginal 

layers of the future spinal cord. The ependymal layer sur

rounds the future central canal region of the spinal cord. 

The mantle layer develops into the cells of the nervous 
system (neurons and gJia), and the outer marginal layer 
of the tube consists of the axons of tract cells. The neural 

crest develops into the sensory neurons of the periph
eral nervous system and the postganglionic neurons of 
the autonomic nervous system. 

Chondrification Centers and Primary Ossifica

tion Centers. Cells of sclerotomal origin condense to 
form vertebral chondrification centers (three pairs). This 

results in the development of a cartilage model of each 
vertebra (see Fig. 1 2- 1 1). Each vertebra then develops 
three primary centers of ossification (see Fig. 1 2- 1 1). 
One primary center is located in the anterior part of the 
future vertebra. This region is known as the centmm and 
helps to form the funlre vertebral body. The remaining 
two primary ossification centers are located on each side 

of the portion of the vertebra that surrounds the devel

oping neural tube. This region is known as the posterior 

arch or neural arch. The two ossification centers at the 

neural arch normally unite posteriorly to form the spin
ous process. Failure of these centers to fuse results in a 

condition known as spina bifida. This condition is dis
cussed in more detail in Chapter 12. 

Anteriorly, the left and right sides of the neural arch 
normally fuse to the vertebral body. Known as the neu

rocentral synchondrosis, this region is actually located 

within the area that becomes the posterior aspect of the 

vertebral body. The fusion that occurs unites the pri

mary ossification centers of the neural arch with the cen
trum, consequently forming a vertebral body from both 

the centmm and a small part of the neural arch. Because 

of this the vertebral arch is somewhat smaller than its de
velopmental predecessor, the neural arch, and the ver
tebral body is somewhat larger than its predecessor, the 
centrum. 

The precise time of fusion between the neural arch 

and centmm at the neurocentral synchondrosis remains 

a topic of current investigation. Some authors state that 

closure occurs as early as 3 to 6 years of age, and other 

investigators state that the neurocentral cartilage re

mains until as late as 16 years of age (Vital et aI., 1 989). 
Part of the function of the neurocentral cattilage is to en
sure growth of the posterior arch of the vertebrae. Early 

fusion of the neurocentral synchondrosis has been im

plicated in the development of scoliosis (Vital et aI., 
1 989). Scoliosis is discussed in more detail in Chapter 6. 
Occasionally the vertebral body develops from two pri

mary centers of ossification, left and right. If one of these 

centers fails to develop, only one half of the vertebral 

body remains. This is known as a cuneiform vertebra, or 

a hemivertebra, and can result in lateral curvature of the 

spine. Frequently a hemivertebra at one level is com

pensated for by the same condition at another level on 

the opposite side. 

During development the vertebral bodies may appear 
to be wedge shaped-narrower anteriorly than posteri

orly. This can give the appearance of a compression frac
ture (Fesmire & Luten, 1989). Wedging that occurs in 
several consecutive vertebrae is seen as an indication of 

a normal variant. However, if it occurs at only one level, 
and the vertebrae above and below are more rectangular 

in appearance, a compression fracture of the wedge

shaped vertebra must be mled out. 

Secondary Ossification Centers. Between the ages 

of 10 and 13,  five secondary centers of ossification ap
pear in the vertebral column (Fig. 1 2-11). One secondary 
center of ossification is located on each of the vertebral 
end plates. These centers are known as the anular epiph

yses or ring epiphyses (Williams et aI., 1 989). A sec
ondary center of ossification is also found on each of the 
transverse processes, and another is located on the sin

gle spinous process. The centers on the transverse pro
cesses and spinous process enable the rapid growth of 

these processes that occurs during the adolescent years. 
The two centers of ossification associated with the up

per and lower surfaces of the vertebral bodies (anular 
epiphyses) do not help with the longitudinal growth of 
the vertebral bodies and for this reason are frequently 
termed ring apophyses (Bogduk & Twomey, 199 1 ;  Theil, 

Clements, & CaSSidy, 1992). These centers incorporate 

the outer layers of the anulus fibrosus (Fardon, 1 988), 
which explains the bony attachment of the outer layers 
of the anllills, whereas the more central layers are at

tached to the cartilage of the vettebral end plates 
(Bogduk & Twomey, 1 99 1 ). 

All of the secondary ossification centers listed pre
viously fuse with the remainder of the vertebrae be

tween the ages of 1 4  and 25 (BOgdllk & Twomey, 1 991 ;  
Williams et aI., 1989), and n o  further growth can occur 

after their fusion. Before they have fused, these centers 

can be mistaken as sites of fracture. 

Fully Developed Vertebral Column. The first accu
rate description of the number of movable vertebrae in 

the fully developed spine was that of Galen between 1 00 
and 200 AD (Shapiro, 1 990). However, perhaps because 

of the many anatomic errors made by Galen in other ar
eas, controversy ensued over the precise number of ver
tebrae until the publication of Vesalius' De Humani 
CorporiS Fabrica in 1 543 (Shapiro, 1990). This publica

tion showed that the vertebral colunm develops into 24 
vertebrae (Fig. 2-1), which are divided into 7 cervical, 1 2  
thoracic, and 5 lumber vertebrae (expressed as C1 -7 , Tl-

1 2, and Ll-5). The L5 vertebra rests upon the bony 
sacmm (made of five fused segments). The coccyx 
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C7 

FIG. 2·1 Three views of the vertebral column. A, Lateral view showing the cervical, tho· 

racic, lUI11har, and sacral regions . Also notice the cervic:11 and lumbar lordoses and the thoracic 

and sacral kyphoses. B, Anterior view. 

(three to five fuseo segments) is suspended from the 

sacrum. All of these bones join to form the vertebral 

column. 

CURVES OF THE SPINE 

The spine develops fOllr anterior to posterior curves, 
two kyphoses and two lordoses (see Introduction of text 

for further clarification of the terms lordosis and k-ypho

sis). Kyphoses are curves that are concave anteriorly, 

and lordoses are curves that are concave posteriorly. The 

t wo primary 'UIlTS are the kyphoses. These include the 

thorat:ic <II J P 'Ivi<: curvatures (Fig . 2-1 ) . They are re

ferred to as primary curves because they are seen from 

Continued 

the earliest stages of fetal development. The thoracic 

curve extends from T2 to T 12 and is created by the 

larger s u perio r to i nferior dimensions of the posterior 

portion of the thoracic vertebrae (see Chapter 6). The 

pelvic curve extends from the lumbosacral articulation 

throughout the sacrum to the tip of the coccyx. The con

cavity of the pelviC curve faces anteriorly and inferiorly. 

The two secondary curves arc the cervical lordosis 

ancl lumbar lordosis (Fig. 2-1 ). These curves are known 

as secondary or compensatory curves because even 
though they can be detected during fetal development, 

they do not become apparent until the postnatal period. 

The cervical lordOSiS begins late in intrauterine Ufe but 

becomes apparent when an infant begin s to lift I is Or 
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FIG. 2·1, cont·d. C, Posterior view of tile vertebral column. 

her head from the prone position (approximately 3 to 4 

months after birth). This forces the cervical spine into a 

lordotic curve. The cervical lordosis is further accentu

ateel when the small child begins to sit upright and 

stabilizes his or her head, while looking around in the 

seated position. This occurs at approximately 9 months 

of age. Further details of the cervical curvature are given 

in Chapter 5. 

The action of the erector spinae muscles (Chapter 4), 

pulling the lumbar spine erect in order to achieve the 

position necessary for walking, creates the posterior 

concavity known as the lumbar lordosis (Fig. 2-1). The 

lumbar lordosis therefore develops approximately 10 to 

18 months after bilth as the infant begins to walk up

right. The lumbar lordosis extends from T12 to the 

lumbosacral articulation and is more pronounced in fe

males than in males. The region between L3 and the lum

bosacral angle is more prominently lordotic than the re

gion from T12 to L2. Following infancy, the lumbar lor

dosis is maintained by the shape of the intervertebral 

discs and the shape of the vertebral boelies. Each of these 

structures is taller anteriorly than posteriorly in the lum

bar region of the spine. 

A slight lateral curve is normally found in the upper 

thoracic region. The convexity of the curve is on the left 

in left-handed people and on the right in those who are 

right handed. Such deviations are probably the result of 

asymmetric muscle use and tone. 

The kyphoses and lordoses of the spine, along with 

the intervertebral discs, help to absorb the loads applied 

to the spine. These loads include the weight of the 

trunk, along with loads applied through the lower ex

tremities during walking, running, and jumping. In addi

tion, loads are applied by carrying objects with the up

per extremities, the pull of spinal muscles, and the wide 

variety of movements that normally occur in the spine. 

The spinal curves, acting with the intervertebral discs, 

diSSipate the increased loads that would occur if the 

spine were shaped like a straight column. Yet even with 

these safeguards, the vertebrae can be fractured as a re

sult of falling and landing on the feet or buttocks, objects 

falling onto the head, or diving and landing on the head. 

Such injuries usually compress the vertebral bodies. 

Cervical compression usually occurs between C4 to C6 

(Foreman & Croft, 1988). When the force comes from 

below, T9 through L2 are the most commonly affected 

through compression. Flexion injuries can also result in 

a compression fracture of vertebral bodies. Again, C4 

through c6 are the most commonly affected in the cer

vical region, whereas T5 and T6 and the upper lumbar 

vertebrae are usually affected in the thoracic and lumbar 

regions (White & Panjabi, 1990). 

ANATOMY OF A TYPICAL VERTEBRA 

A typical vertebra can be divicled into two basic regions, 

a vertebral body and a vertebral arch (also referred to as 

the posterior arch or dorsal arch). The bone in both re

gions is composed of an outer layer of compact bone 

and a core of trabecular bone (Fig. 2-2). The shell of 

compact bone is thin on the discil surfaces of the velte

bral body and is thicker in the vertebral arch and its 

processes. The outer compact bone is covered by a thin 

layer of periosteum that is innervated by nerve endings, 

which transmit both nociception and proprioception 

(Edgar & Ghadially, 1976). The outer compact bone also 

contains many small foramina to allow passage for nu

merous nutrient arteries and also for veins. The trabecu

lar interior of a vertebra contains red marrow and one or 

two large canals for the basivertebral vein(s). 
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FIG. 2-2 Midsagittal view of a vertebra. A, The central can

cellolls, or trabecular bone of the vertebral body and spinolls 

process. Also, notice the more peripheral cortical bone. 8, The 

pattern of trai)eculation, which develops along the lines of 

greatest stress. 

The density of bone in the vertebrae varies from indi
vidual to individ ual but seems to increase significantly in 
most people during puberty (Gi lsanz, 1 988), reaching a 
peak during the mid twenties, when closure of the 
growth plates of the secondary centers of ossification 
occurs (Gilsanz et ai, 1 988) A decrease in bone density 
to below normal limits is known as osteoporosis.  
Osteoporosis is of particular clinical relevance in the 
spine because of the weight-bearing function of this re
gion, and a decrease in bone denSity increases the likeli
hood of vertebral fracture (Mosekilde & Mosekilde, 
1 990). Osteoporosis has been associated with aging 
(Mosekilde & Mosekilde, 1 990) and particularly with 
menopause (Ribot et aI., 1 988). Ribot and colleagues 
( 1988) found that spinal bone density in French women 
remained stable in the young adult years and in women 
over 70 years of age. An average rate of apparent bone 
loss of approximately 1 % per year was found between 
the years of 4 5  and 65. This represented approximately 
75% of the total bone loss occurring within the individ
uals of their sample population (5 1 0  women). Ribot and 
colleagues (1 988) also found that the bone mineral 
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density in their population of French women appeared 
to be between 5% and 1 0% lower than reported values in 
the United States. Mosekilde and Mosekilde ( 1 990), 
studying the L2 and L3 vertebrae, found relatively few 
sex-related differences in vertebral body denSity. 
However, Mosekilde ( 1 989) did find a sex-related differ
ence in vertebral trabecular architecture with age. 
Consistent with the findings of Ribot et al. ( 1 988), 
Mosekilde (I989) discovered that in both sexes bone 
density diminished by 35% to 40% from 20 to 80 years of 
age. She also found that the trabecular center (cancel
lous bone) of the vertebral body lost more bone mass 
than the outer cortical rim. 

The regions of the vertebral body and the vertebral 
arch are discussed separately in the following sections 
of this chapter. Elaboration on each component of the 
vertebra, with special emphasis placed on the character
istics unique to each region of the spine, is included in 
the chapters on the cervical, thoracic, and lumbar re
gions of the spine (Chapters 5 through 7). The ligaments 
of the spine are discussed from superior to inferior with 
the region in which they first occur (e.g . ,  ligamentum 
nuchae and antetior longitudinal ligament with the cer
vical spine; supraspinous ligament with the thoracic 
spine). Thereafter, the ligaments are mcntioned only 
when they have unique characteristics in a specific 
region. The intervertebral disc is covered later in this 
chapter. 

Vertebral Body 

The vertebral body (Fig. 2-3) is the large anterior portion 
of a vertebra that acts to support the weight of the hu
man frame. The vertebral bodies are connected to one 
another by fibrocartilaginous intervertebral discs. The 
vertebral bodies, combined with their intervening discs, 
create a flexible column or pillar that supports the 
weight of the tnmk and head. The vertebral bodies also 
must be able to withstand additional forces from con
traction of the axial and proximal limb muscles. The 
bodies are cylindric in shape and have unique character
istics in each named region of the spine. The transverse 
diameter of the vertebral bodies increases from C2 to 1,3. 

This is probably due to the fact that each successive ver
tebral body is required to carry a slightly greater load. 
There is variation in the width of the last two lumbar ver
tebrae, but the width steadily diminishes from the first 
sacral segment to the apex (inferior tip) of the coccyx. 

Moskilde and Moskilde ( 1 990) found the cross-sec
tional area of vertebral bodies to be larger in men than in 
women. They also found that the cross-sectional area of 
the vertebral bodies increased with age in men, but no 
similar finding was discovered in women. 

The superior and inferior surfaces of vertebral bodies 
range from flat, but not parallel (Williams et aI., 1989), to 
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FIG. 2-3 Typical vertebra. A, Lateral view. B, Superior view. 

interlocking (see Cervical region, Chapter 5). A raised, 

smooth region around the edge of the vertebral body is 

formed by the anular epiphysis. Inside the anular epiph

ysis, the vertebral body is rough. 

Most vertebral bodies are concave posteriorly (in the 

transverse plane) where they help to form the vertebral 

foramina. Small foramina for arkries and veins ap.)ear on 

the front and sides of the vertebral bodies. Posteriorly 

there are small arterial foramina and one or two large, 

centrally placed foramina for the exiting basivertebral 

vein(s) (Williams et aI., 1989). 

Vertebral Arch 

The vertebral (posterior) arch has several unique struc

tures (Fig. 2-3). These include the pedicles, laminae, su

perior articular, inferior articular, transverse, and spin

ous processes. Each of these subdivisions of the verte

bral arch is discussed separately in the following 

sections. 

ul ,I, The pedicles (Fig. 2-3) create the narrow an

terior portion of the vertebral arch. They are short, 

thick, and rounded and attach to the posterior and lat

eral aspects of the vertebral body. They also are placed 
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Transverse 
process 

Vertebral 
body 

superior to the midpoint of a vertebntl hody. Because 

the pedicles are smaller than the vertebral bodies, a 

groove, or vertebral notch, is formed above and below 

the pedicles. These are known as the superior and infe

rior vertebral notches, respectively. The superior verte

bral notch is more shallow and smaller than the inferior 

vertebral notch. 

The percentage of compact bone surrounding the 

inner cancellous bone of the pedicles varies from 

one region of the spine to another and seems to d pend 

on the amount of motion that occurs at the given 

region (pal et aI., 1988). More compact, stronger 

bone is found in regions with more motion. There

fore the pedicles of the middle cervical and upper 

lumbar regions contain more compact bone than the 

relatively immobile thoraciC region. The thoracic pedi

cles are made primarily of cancellous bone (Pal et aI., 

1988). 

L j • .. The laminae (Singular, lamina) are contin

uous with the pedicles. They are flattened from anterior 

to posterior and form the broad posterior portion of ver

tebral arch (Fig. 2-3). ':'i1ey cur\'e posl::rom::Clially to 

unite with the spinous process, completing the vertebral 

foramen. 
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HG. Z 5. cont'd. C, Inferior view. 

Lamina 

Spinous Pr()(:css. The spinous process (spine) of 
each vertebra (Fig. 2-3) projects posteriorly and often 
inferiorly from the laminae. The size, shape, and direc
tion of this process vary greatly from one region of the 
vertebral column to the next (see individual regions). A 

spinous process may also normally deviate to the left or 
right of the midline, and this can be a source of confu
sion in clinical practice. 

Therefore a deviated spinous process seen on x-ray 
film or palpated during a physical examination fre
quently is not associated with a fracture of the spinous 
process or a malposition of the entire vertebra. 

The spinous processes throughollt the spine function 
as a series of levers both for muscles of posture and for 
muscles of active movement (Williams et aI., 1 989). Most 
of the muscles that attach to the spinous processes act to 
extend the vertebral column. Some muscles attaching to 
the spinous processes also rotate the vertebrae to which 
they attach. 

Lateral to the spinous processes are the vertebral 
grooves. These grooves are formed by laminae in the cer
vical and lumhar regions. They are much broader in the 
thoracic region and are formed by both the laminae and 
transverse processes. The left and right vertebral 
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grooves serve as gutters. These gutters are filled with the 
deep back muscles that course the entire length of 
the spine. 

The spinous processes of a specific vertebra fre
quently can be identified by its relationship to other pal
pable landmarks of the back. Chapter 1 provides a rather 
detailed accollnt of the relationship between the spin
ous processes and other anatomic structures. 

Vertebral Foramen and the Vertebral Canal. The 
vertebral foramen is the opening within each vertebra 
that is bounded by the stmctures discussed thus far. 
Therefore the vertebral body, the left and right pedicles, 
the left and right laminae, and the spinaliS process form 
the borders of the vertebral foramen in a typical vertebra 
(Fig. 2-3). The size and shape of the vertebral foramina 

vary from one region of the spine to the next, and even 
from one vertebra to the next. The vet-rebral canal is the 
composite of all of the vertebral foramina. This region 
houses the spinal cord, nerve roots, meninges, and many 
vessels. The vertebral canal is discussed in more detail 
later in this chapter. 

Transverse Processes. The transverse processes 
project laterally from the junction of the pedicle and the 
lamina (pediculolaminar junction) (Fig. 2-3). l.ike the 
spinous processes, their exact direction varies conSider
ably from one region of the spine to the next. The trans
verse processes of typical cervical vertebrae project 
obliquely anteriorly between the sagittal and corona) 
planes and are located anterior to the articular processes 
and lateral to the pedicles. The left and right cervical 
transverse processes are separated from those of the ver
tebrae above and below by successive intervertebral 
foramina. The thoracic transverse processes are quite 
different and project obliquely posteriorly and are lo
cated behind the articular processes, pedicles, and the 
intervertebral foramina (see Fig. 6- 1 ) .  They also articll
late with the ribs. The lumbar transverse processes (see 
Fig. 7- 1 )  lie in front of the lumbar articular processes and 
posterior to the pedicles and the intervertebral foramina. 

The transverse processes serve as muscle attachment 
sites and are used as lever arms by spinal muscles. The 
muscles that attach to the transverse processes maintain 
posture and induce rotation and lateral flexion of single 
vertebrae and the spine as a whole. 

Each transverse process is composed of the "true" 
transverse process (diapophysis) and a costal element. 
Each costal element (pleurapophysis) develops as part of 
the new-al arch. The costal elements of the thoracic re
gion develop into ribs. Elsewhere the costal elements are 
incorporated with the diapophysis and help to form the 
transverse process of the fully developed vertebra. The 
cervical costal elements are composed primarily of the 
anterior tubercle but also include the intertubercular 
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lamella and a part of the posterior tubercle. The lumbar 
costal elements are the anterior aspects of the transverse 
processes, and the left and light sacral alae represent the 

costal processes of the sacrum. The cervical and lumbar 
costal processes may occasionally develop into ribs. This 
occurs most frequently in the lower cervical and upper 
lumbar regions. These extra ribs may be a calise of dis
comfort in some individuals. This is palticularly tme of 
cervical ribs (see Chapter 5). 

Superior Articular Processes. Like the transverse 
processes, the superior articular processes (zygapophy

ses) and facets also alise from the pediculolaminar junc
tion (Fig. 2-3). The superior articular processes project 
superiorly, and the �l1ticular surface (facet) faces posteri

orly, although the precise direction varies from postero
medial in the cervical and lumbar regions to posterolat
eral in the thoracic region. The superior and inferior ar
ticular facets are discussed in more detail under 
Zygapophyseal Joints later in this chapter. 

Inferior Articular Processes. The inferior articular 
processes (zygapophyses) and facets project inferiorly 
from the pediculolaminar junction, and the articular sur

face (facet) faces anteriorly (Fig. 2-3). Again, the precise 
direction in which they face varies from anterolateral 
(cervical region) to anteromedial (thoracic and lumbar 
regions). 

Adjoining zygapophyses form zygapophyseal joints 
(Z joints), which are small and allow for limited move

ment. Mobility at the Z joints varies considerably be
tween vertebral levels. The Z joints also help to form 
the posterior border of the intervertebral foramen. 
The anatomy of the Z joint is discussed later in this 
chapter. 

Functional Components of a Typical 
Vertebra 

Each region of a typical veltebra is related to one or 
more of the functions of the vertebral column men

tioned at the beginning of this chapter (support, protec
tion of the spinal cord and spinal nerve roots, and move

ment). In general, the vertebral bodies help with sup
port, whereas the pedicles and laminae protect the 
spinal cord. The superior and inferior articular processes 
help determine spinal movement by the facing of their 
facets. The transverse and spinous processes aid move

ment by acting as lever arms upon which the muscles 

of the spine act. 

The posterior arches also act to SUppOlt and transfer 
weight (Pal et ai., 1988), and the articular processes of 
the cervical region form two distinct pillars (left and 
right) that bear weight. In addition, the laminae of 
C2, C7, and the upper thoracic region (Tl and T2) 
are much thicker than those of their neighbors. These 

speci.fic laminae also help to support weight. Therefore 

a laminectomy at these levels results in marked cervical 
instability (Pal et aI. ,  1 988), whereas a laminectomy from 
C3 to C6 is relatively safe. 

The pedicles also act to transfer weight from the pos
terior arch to the vertebral body, and vice versa, in the 

cervical region (pal et ai., 1 988), but only from the pos
terior arch to the veltebral bodies in the thoracic region. 
The role of the pedicles in the transfer of loads is yet to 
be completely determined in the upper lumbar region, 

but the trabecular pattern of the L4 and L5 pedicles 
seems to indicate that the majority of load may be trans
ferred from the veltebral bodies to the region of the pos
terior arch. This is discussed in further detail in Chapter 
7, which is devoted to the lumbar spine. 

ZVGAPOPHYSEAL JOINTS 

The articulating surface of each supelior and inferior ar

ticular process (zygapophysis) is covered with a 1 to 2 

mm thick layer of hyaline cartilage. The hyaline-lined 

portion of a superior and inferior articular process is 
known as the articular facet. The junction between the 
superior and inferior articular facets on one side of two 
adjacent vertebrae is known as a zygapophyseal joint. 
Therefore a left and right Z joint are between each pair 
of vertebrae. Fig. 2-4, A, shows the Z joints of the cervi
cal, thoracic, and lumbar regions. These jOints are also 
referred to as facet joints or interlaminar joints (Giles, 

1992). The Z joints (Fig. 2-4, B) are classified as synovial 

(diarthrodial), planar joints. They are rather small joints, 

and although they alJow motion to occur, they are per
haps more important in their ability to determine the di
rection and limitations of movement that can occur be
tween vertebrae. The Z joint is of added interest to those 
who treat spinal conditions because, as is the case in any 
joint, loss of motion or aberrant motion may be a pri
mary source of pain (Paris, 1983). 

Each Z joint is surrounded posterolaterally by a cap

sule. The capsule consists of an outer layer of dense fi
broelastic connective tissne, a vascular central layer 

made up of areolar tissue and loose connective tissue, 
and an inner layer consisting of a synovial membrane 

(Giles & Taylor, 1 987). Fig. 2-4, B, shows the previously 
llsted regions of the capsuLe. The anterior and medial as
pects of the Z joint are covered by the ligamentum 
flavum. The synovial membrane lines the articular cap
sule, the ligamentum flavum (Xu et ai., 1 991), and the 
synovial joint folds (see the following), but not the hya

line articular cartilage that covers the joint surfaces of 

the articular processes (Giles, 1992). 
The Z joint capsules throughout the vertebral column 

are thin and loose and are attached to the margins of 
the opposed superior and inferior articular facets of the 
adjacent vertebr;Je (Williams et ai ., 1 989). Superior and 
inferior external protrusions of the joint capsules, 
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FIG. 2-4 A, Typical Z jOints of each vertebral region. 

known as recesses, bulge out from the joint and are filled 

with adipose tissue. The inferior recess is larger than the 

superior recess Oeffries, 1988). The capsules are longer 

and looser in the cervical region than in the lumbar and 

thoracic regions. 

Innervation of the Zygapophyseal Joints 

The Z joint capsule receives a rich supply of sensory in

nervation (Fig. 2-5). The sensory supply is derived from 
the medial branch of the posterior primary division (dor

sal ramus) at the level of the jOint, and each joint also re

ceives a branch from the medial branch of the posterior 

primary division of the level above and the level below 

Oeffries, 1988). This multilevel innervation is probably 

one reason why pain from a Z joint frequently has a very 

broad referral pattern (Jeffries, 1988) . Chapter 1 1  deals 

with the phenomenon of referred pain in more detail. 
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In addition, Wyke (1985) states that there are three 

types of sensory receptors in the jOint capsule of the Z 

joints. These are as fol lows*: 

• Type I-very sensitive static and dynamiC 

mechanoreceptors that fire continually, even to 

some extent when the jOint is not moving 

• Type II-less sensitive mechanoreceptors that fire 

only during movement 

• Type TV -slow conducting nociceptors 

Wyke ( 1 985) asserts that type I and II receptors have 

a pain suppressive effect (a Melzack and Wall gate con

trol type of mechanism). He also states that there is a re

flexogenic effect created by type I and II fibers that 

causes a normalization of muscle activity on both sides 

"Type III receptors are mechanoreceptors found in joints of the ex· 

tremities, and Wyke (1985) did not find these in the Z joints. 
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FIG. 2··i. coot'tJ . B, Typical Z joinr. The layers of the Z jOint as seen in parasagittal section 

(inset) are color coded as fol lows: light blue, joint space; violet; articular cartilage; brown, 

subchondral  bone; orange, synovial lining of articular capsule; jJeach, vascularized,  middle 

layer of the articular capsule; turquoise, fibrous, outer layer of the articular capsule. 

of the spinal column when stimulated. This reflexogenic 

effect is thought to occur at the level of the site of stim

ulation, as wel l as the levels above and below. Of possi

ble interest is the fact that Isherwood and Antoun ( 1 980) 

found similar nerve endi ngs within the interspinous and 

supraspinous ligaments and the liga mentum flavwTI. 

These ligaments are discllssed in Chap ters 5 and 6 on the 

cervical and thoracic regions. 

Zygapopbyseal Joint Synovial Folds 

Z joint synovial folds are synovium-lined extensions 

of the capsule that protrude into the joint space to 

cover part of the hyaline cartilage. The synovial folds 

vary in size and shape in the different regions of the 

spine. Fig. 2-6 shows a photomicrograph by Singer, 

Giles, and Day ( 1 990) demonstrating a large Z jOint syn

ovial fold.  

Kos in 1 969 described the typical intraarticular fold 

(meniscus) (Fig. 2-7) as being attached to the capsule by 

loose connective tissue.  Distal to the attachment was 

synovial tissue and blood vessels, followed by dense con

nective tissue (Bogduk & Engel, 1 984). 
Engle and Bogduk in 1 982 reported on a study of 82 

lu mbar Z joints. They found at least one intraarticular 

fold within each jOint. The intraarticular structures 

were categorized into three types. The first was de

scribed as a connective tissue rim found running al ong 

the most peripheral edge of the entire joint. This con-

nective tissue rim was lined by a synovial membrane. 

The second type of meniscus was described as an adi

pose tissue pad, and the third type was identified as a dis

tinct, well-defined, fibroadipose meniscoid. This latter 

type of meniscus was usually fou nd entering the joint 

from either the superior or inferior pole or both poles of 

the jOint. 

Giles and Taylor ( 1 987) studied 30 Z joints, all of 

which were found to have menisci .  The menisci were re

named zygapophyseal joint synovial folds because of 

their histologic make-u p.  Free nerve endi ngs were found 

with.in the folds, and the nerve endings met the criteria 

necessary for classification as pain receptors (nocicep

tors). That is, they were d istant from blood vessels and 

were of proper diameter (0. 6  to 1 2  microns). Therefore 

the synovial folds (menisci) themselves were found to 

be pain sensitive. This meant that if the Z joint synovial 

fold became compressed by, or trapped between, the ar

ticular facets making up the Z jOint, back pain could re

sult (Fig. 2-7). 

Zygapophyseal Joints as a Source of Back 
Pain 

Various Clinical Approaches to Pain Ma nage

ment. The Z joints have been shown to be a sou rce of 

back pain (Mooney & Robertson, 1 976; Lippitt, 1 984 ; 

Jeffries, 1 988), and several therapeutic approaches have 

been designed to treat pain originating from the Z joints. 
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F IG. 2-5 Innervation of the Z joints. Each mixed spinal nerve 

divides into a medial and lateral branch .  The medial branch has 

an ascending d ivision, which suppUes the Z jOint at the same 

level, and a descending d ivision, which supplies the Z joint im

mecliately below. 

Physical therapy in the form of ice, moist heat, or exer

cise is frequently used. Acupuncture has also been used . 

Injection of the Z joints with local anesthetic or corti

costeroids is carried out with some frequency, and de

nervation of the Z joints has been performed by a num

ber of clinicians and researchers (Shealy, 1 975). Surgical 

transection of the posterior primary divisions innervat

ing these joints was the first method used to denervate 

the joint. This technique has been replaced by radiofre

quency neurotomy (Shealy, 1 975). Others are not yet 

convinced that this is the method of choice for treating 

pain arising from these structures (Lippitt, 1 984) . Spinal 

adjusting (manipulation) to introduce movement into 

a Z joint suspected of being hypomobi\e has also been 

frequently used to treat pain of Z joint origin. Mooney 

and Robertson ( 1 976) stated that spinal manipulation 

may produce therapeutic benefit by relieving the Z joint 

articular capsule or its synovial lining from chronic reac

tion to trauma. Such chronic reaction to trauma resulting 

in Z joint pain would include the catching of a synovial 

fold betvveen the joint capsule and an articular process 

and also the entrapment of zygapophyseal joint menisci 

(synovial folds) deep within the Z joint (Fig. 2-7). 

Entrapped Z joint menisci may be a direct source of pain 

since they are supplied by pain-sensitive nerve endings 
(Giles & Taylor, 1 987). A spinal adjustment (manipula

tion) may have the effect of slightly separating (gapping) 

the opposed articular surfaces of the Z joint. This sepa

ration may relieve direct pressure on the meniscus, and 

also provide traction to the Z joint articular capsule that, 

by its attachment to the Z joint meniscus, could pull the 

meniscus peripherally, away from the region of previous 

entrapment (Kos & Wolf, 1 972). Bogduk and Engel 

( 1 984) felt that entrapment of a Z joint meniscus would 

tear it away from i ts capsular attachment. If this were the 

case, the nerve endings leading to the synovial fold 

would probably be torn as wel\. This could result in tran

sient pain. Bogduk and Engel ( 1 984) also stated that a 

meniscus that had torn away from its capsular attach

ment could conceivably result in a loose body being 

found in the Z jOint, similar to those that are sometimes 

found in the knee. This, they felt, may be amenable to 
spinal manipulation. However, the frequency with 

which this scenario actually occurs in clinical practice 

was questioned (Bogduk & Engel, 1 984). Further re

search is needed to clarify the frequency with which 
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AG. 2-6 A tiborous synovial fold i s  shown protruding be

tween the a rt icu lar surfaces of a Z joint .  (From Singer, K . ,  
Giles, 0 . .  & D a y  R .  [ 1 990) Intra-articular synovial fo lds of 

thoracolumbar ju nction zygapophyseal joints. Anal Rec, 226, 
1 47- 1 5 2 ) 

Z joi nt menisci (synovial folds) actually tear away 
from their capsular attach ments to become loose 

bod ies. Additional study is also needed to determine 

whether menisci can become entrapped while re
mail1 ing attached to the capsule and their nerve 

supply. 
Mooney and Robertson (1 976) used facet joint i nj ec

tions of local  a nesthetic and corticos teroids to treat 

pain ariSing from the Z joint. They fe lt such injections 

hel ped to relieve i ntraarticular adhesions that had been 
seen to develop duri ng the degenerative p hase of 

progressive back pai n .  Perhaps t he removal of this type 

of ad hesion could be another positive effect of Z joint 
manipulation. 

MOVEMENT OF THE SPThrn 

Movement between two typical adjacent vertebrae is 

slight, but when the movement betwee n many segments 

is combined,  the result  is a great deal of movement. The 

movements that can occur in the spine include flexion, 

extension, lateral flexi on (side bend ing), rotation,  and 

circumduction (Fig. 2-R). Circumduction is a combina

tion of flexion, latera l bending, rotation ,  and extension . 

The i n tervertebral d iscs help to limit the amount of 

movement that can occur between individual vertebrae. 

Therefore the thicker in tervertebral d iscs of the cervical 

and lumbar regions allow for more movement to occur 

in these regions. In addition, the shape and orientation 
of the articular facets determine the movements that can 

occur between two adjacent segments and also limit the 
amount of movement that can occur between segments. 

The specific ranges of motion of the spine are dis
cussed with each verte bral region (Chapters 5 th rough 

7). However, this section discusses the factors limiting 

spinal motion and the phenomenon of coupled motion. 

Structures that Limit Spinal Movement 

Spinal motion is l imited by a series of bony stops a nd lig
a mentous brakes (Louis, 1 985). Table 2-1 shows some of 

the structures l imiting spinal motion. 

Other factors associated with each type of spinal mo

tion include the following: 

• Flexion-the anterior longi tudinal ligament is relaxed, 

and t he anterior aspects of the discs a re compressed . 

The i ntervals between la minae are wid ened ; the infe

rior articular processes glide upward on the superior 

articular processes of the subjacent vertebrae. The 

lumbar and cervical regions al low for more flexion 

tha n the thoracic region (Williams et aI . , 1989). 
• Extension-motion is more restricted in the thoracic 

region because of thinner discs a nd the effects of the 

thoracic skeleton and musculature. 

• Lateral flexion-sides of the intervertebral d iscs are 
compressed. Latera l flexion is greatest i n  the cervical 

region, followed by the lumbar region, and finally the 

thoracic region (White & Panjabi,  1 990). 

Rotation with Lateral Flexion 

As a result of the facing of the superior and infel;or ar
ticular fa cets, lateral flexion of the cervical and lumbar 

regions is accompan ied by axial  rotation (Fig. 2-9) This 

is known as coupled motion. However, the d irection 

of the rotation is opposite in these two regions, and 
more rotation occurs with lateral flexion in the cervical 

region than in the lumbar region (Moroney et a I . ,  1 98H). 
Lateral flexion of the cervical spine is accompanied by 
rotation of the vertebral bodies into the concavity of 
the arch formed by the lateral flexion (vertebral body 

rotation to the same side as lateral flexion) . For example, 

right lateral flexion of the cervical region is accompanied 

by right rotation of the vertebral bodies (Fig. 2-9). Since 

the spi nolls processes move in the direction opposite 

that of the vertebral bodies during rotation, right lateral 
flexion of the cervical region is accompanied by left ro

tation of the spinous processes. 
Lateral flexion of the lumbar spine, on the other 

hand, is accompanied by rotation of the vertebra l bodies 
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FIG. 2-7 Z joint synovial folds. A, Posterior view of the lumbar Z jOint. B, A coronal section 

similar to that demonstrated in A. This coronal section shows the Z joint synovial folds. Notice 

the synovial l ining of these folds. the articular cartilage, and the joint space. The synovial fold 

is attached to the articular capsule. C, An entrapped synovial fold. The d istal portion of the folc! 

is fibrous, and the proximal portion contains vessels anc! adipose tissue.  Giles and Taylor 

( l 9H7) have also founci sensory nerve endings within the Z joint synovial folds. 

toward the convexity of the arch formed by lateral flex

ion (vertebral body rotation away from the side of la teral 

flexion). For example, left lateral flexion of the lumbar 

region is accompanied by right rotation of the vertebral 

bodies and left rotation of the spinous processes 

(Fig. 2-9). 

The upper four thoracic vertebrae move in a fash ion 

similar to that of the cervical vertebrae during lateral 

flexion ( i . e . ,  vertebral body rotation i nto the side of con

cavity), whereas the lower four thoracic vertebrae 

mimic the motion of lumbar vertebrae (i .e . ,  vertebral 

body rotation toward the side of convexity). The middle 

four thoracic vertebrae have l i ttle coupled motion 

(White & Panjabi,  1 990) 

lNTERBODY JOINT AND INTERVERTEBRAL 
DISC 

The intervertebral d iscs ( lVOs) are structures of extreme 

clin ical importance. IYD d isease Can be not only a pri-

mary source of back pain,  but also can result in com

pression of exiting dorsal roots and spinal nerves, which 

can result in  radicular symptoms. A thorough knowl

edge of the IVO is essential for those who treat disorders 

of the spine. This section discusses those aspects of the 

IYD common to aU regions of the spine . Future chapters 

d iscuss those characteristics of the ryO unique to the 

cervical ,  thoracic,  and l umbar regions. 

The IVOs develop from the notochord and from 

somitic mesenchyme (sclerotome). The somi tic mes

enchyme surrounds the notochordal cells and differenti

ates i nto the 1 2  to 20 relatively thin layers that make up 

the anulus fibrosus. The notochordal tissue becomes the 

centrally located nucleus pulposus. Notochordal cells 

are replaced in the neighboring vertebral body by os

teoblasts a nd i n  the cartilage end p late primarily by 

chondroblasts. However, remnants of notochordal cells 

in the cartilage end plate (see the foUowing d iscussion) 

can cause it  to weaken. This can lead to herniation of 

the nucleus pulposus into the cartilage end plate and 

B 

c 
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FIG. 2-8 Motion between adjacent vertebrae. A through C, Left, Vertebrae in their neutral 

position. A, Right, Vertebrae in extension. The anterior longitudinal ligament is becoming taut. 

B, Right, Vertebrae in flexion. Notice that the interspinous and supraspinous ligaments, as well 

as the ligamentum flavu m, are being stretched. C, Right, Vertebrae in lateral flexion. The left 

intertransverse ligament is becoming taut, and the right superior artic ular process is makjng 

contact with the right lamina. 

vertebral body later in life. This type of herniation is 
known as a Schmorl's node and can result in more rapid 
degeneration of the IVO. 

During the fetal stage and shortly after birth, the IVOs 
have a rich vascular supply. However, the blood vessels 
narrow and diminish in number until the second decade 

of life, when the IVO is almost completely avascular 
(Taylor, 1 990). 

Each IVO is located between adjacent vertebral bodies 
from C2 to the interbody jOint between L5 and the first 
sacral segment (Fig. 2- 1 ) .  The joint formed by two adja
cent vertebral bodies and the interposed IVO is classified 
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fiG. 2-9 Coupled mot ion. A ,  L:uernl flexion of the cervical n:gion resu l ts in concomitant ax
ial rotation of the vertebrae. The cervical vertebral bod ies rotate toward t he side of lateral flex
ion. B, LIteral flexion of the lu mhar region results in axial  rotation to the o pposite side. The 

l u m har vertebral bod ies in this case rotate away from the side of lateral flexion, and the spin
ous processes rotate i nto t he side of lateral fkxion. 

as a symphysis (Wi l liams et aI . ,  1 989) . No d i sc is located 

between the occiput and the at las and the ar ias and the 

axis,  bLll a small disc exisrs between t he sacrum and the 

coccy x . Therefore 24 IVDs are loca ted in the spine: 6 
cervica l, 1 2  lhora c i c ,  5 l u m bar (including the L5-S 1 

disc), and 1 between Ihe sacru m and coccyx. Occasion

aUy a sma l l  disc remains between the fi.rst and second 

coccygeal segmen ts, and add ition a l  d iscs ar somet i mes 

found between the hts d sacral segments (these can fre

quently be seen well on magnetic resona nce i maging 

scans). The IVDs make up approximately one fourth of 

t he heigh t of the vertebra.! co l u m n (Coventry, J 969). 
BeCilLlse of the strong and i n li mate connections with the 

vertebral bodies of two adjacent vC::rll:brae, t he rVD and 

the adjacent vertebrae constit ut e  the most fundamental  

components of the vertebral u ni t ,  or motor ·egmenl .  

The function o f  the d isc i La mai ntain the changeable 

space bet een t wo adjacent vertebral bodies. The d isc 

aids with flexibility of the sp i ne and at the same lime 

acts as a shock absorber, helpi ng to properly assimilate 

ompressive loads. The mechan ical cffi 'iency of the 

healthy disc appears to improve with use. Therefor' 

pathologic changes within the disc have a strong i m pact 

on spi na l biomechanics ( Liumzah & Soames, 1 988) .  

The discs are llsually named b y  lIsing t h e  tw o  verte

brae that surround the d isc, for example t he C4-C5 disc 
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Table 2- 1 Factors limiti ng Spinal "ilotio n 

MOlion Slmctures limiting motion 

Flexion Posterior longitudinal ligament 

Ligame nta flava 

I n terspinous ligament 

Su praspinolls ligament 

Posterior fibers of the intervertebral disc 

Articular capsules 

Tension of back extensor muscles 

Anterior surface of inferior articular fa cet 

against posterior surface of superior ar

ticular facet 

Extension Anterior longitudinal ligament 

Anterior aspect of intervel-te bral disc 

Approximation of spinous processes, ar

ticular processes, and laminae 

Laleral flexion Contralateral side of intervertebral disc 

and intertra nsverse ligament 

Approximation of articular processes 

Approx imation of unci nate processes 

(cervical region) 

Approximation of coswvertebral joints 

(thoracic region) 

Antagonist muscles 

Rotation Tightening of lameUar fibers of anulus 

tibrosus 

Orientation and architecture of articular 

proc sses 

Data from Will i a ms et 3 1 .  (J 9R9). Gray's Anatomy (37th ed). 

Ed i n b u rgh: C h u rchill Livi ngstone.  

or the T7-T8 disc. A disc also may be named by referring 

to the vertebra directly above the disc. For example, 

the C6 d isc is the NO directly below C6. This can be 
more easily remembered if the vertebra is pictured as 

"s itting" on its disc (W . Hoga n, personal communication, 
November 1 5 , 1 9 9 1 ) .  

The shape o f  an IVD i s  determined b y  t h e  shape o f  the 
two vertebral bodies to which i t  is attached. The t hick

ness of the IVOs varies from one part of the spine to the 

next. The discs a re thickest in  the l umbar region and 

thin nest i n  the upper thoracic region (Williams et al. , 

1 989). The cervical  discs are a bout two fifths as tall as 

the vertebral bodies, the t horacic discs about one fifth as 
tall as their vertebra l bodies, a nd the l u mbar discs about 

one third the height of lumbar vertebral bod ies. The 
discs of the cervical and lumbar regions are thicker a n

teriorly than posteriorly, helping to create the lordoses 

found in these regions (Will iams et aL , 1 989). The tho

racic discs have a consistent thickness from anterior to 

posterior. 
The discs are connected to the a nterior and posterior 

longitudinal liga ments. The attachment to the posterior 

longi tudinal ligament is fi rm throughout the spine . The 

anterior longitudinal ligament generally has a strong 

attachment to the periosteum of the vertebral bodies, 

particularly at the most superior and inferior aspects of 

the anterior verte bral bodies, but this liga ment has a 

ra ther loose attachment to the a nterior aspect of the in
tervertebral d isc (Humzah & Soames, 1 988). However, 

Panja bi ,  Oxland,  & Parks ( 1 99 1 )  have found a strong dis
cal attachment to the a nterior longitud inal l igament in 

t he cervical region .  The thoracic discs are also con

nected to the intraarticular ligaments, which connect 

the thoracic IVOs to the crests of the heads of the sec

ond th rough the ninth ri bs. 

Composition of the Intervertebral Disc 

Like cartilage elsewhere in the body, the disc is made 
up of water, cells (primalily chonclrocytelike cells 

and fibroblasts), proteogJycan aggregates, and type 1 a nd 
type II collagen fibers (see Chapter 1 3). The proteogly

can aggregates are composed of many proteogJycan 

monomers a ttached to a hyaluronic acid core. However, 

the proteoglycans of the NO are of a smaller size ami a 
differen t  composition than the proteoglycans of carti

lage fou nd in other regions of the body (artic ular carti

lage, nasal cartilage, and cartilage of growth plates) 

(Buckwalter et a L ,  1 989). The cartilaginous JVD is a dy
namic structure that has been shown to be able to repair 

i tself and is capable of considerable regeneration 

(Humzah & Soames, 1 988; Mendel et a I . ,  1 992; Nitobe et 

a I . ,  1 988) 
The NO is composed of three regions (Fig. 2-1 0) 

known as the anulus fibrosus, the nucleus pulposus,  and 

the vertebral (cartilage) end plate (Humzah & Soames, 

1 988). Together the regions make up the anterior inter
body joint or i ntervertebral symphysis. Each region con

sists of different proportions of the primary m a terials 

that make up the disc (wa ter, cells, proteoglycan, and 
collagen) . Table 2-2 compares some of the characteris

tics of the a nulus fibrosus with those of the nucleus pul

posus. 

Although each region of the disc has a distinct com

pOSition, the transition between the anu lus fibrosus and 

the nucleus pulposus is rather indistinct. The main dif

ference between the two regions is their fibrous struc
ture (Humza h & Soames, 1 988). Type r collagen (typical 

in tendons) predomina tes in the a nulus fi broSllS, a nd 
type II collagen (typica l for articular cartilage) predomi

nates in the nucleus pulposus The histologic and bio

chemical make-up of the IVD is currently an active field 

of research and has a great deal of potential clinical rele

vance. Chapter 1 3  discllsses the his tologic characteris

tics of the rvo in more deta il. The gross morphologic 

charac teristics of the three regions of the disc are dis

cussed in the fol lowing sec tions. 



Vertebral end plate 

G E  ERAL CHARACTERISTICS OF THE SPI N E  33 

Nucleus pulposus _--J�����Z'4���j 
Anulus  fibrosus 

fiG. 2- 1 0  Midsagitta l section of two acljacent lumbar verte

br,le and the intervertebral disc separating the two vertebral 

bodies. Notice the components of the i n tervertebral disc: an ll

Ills fibroSll�, nllcJell� pUlpOSlIS, ancl vertebral encl plate. 

Anulus Fibrosus 

The anulus fibrosus is made up of several fibrocartilage
no us lamellae, or rings, that are convex externally (Figs. 

2-10 and 2- 1 1 ) ,  The lamellae are formed by dosely 

arranged collagen fibers and a smaller percen tage ( 1 0% 

of the dry weight) of elastic fibers (Bogduk & Twomey, 

1 99 1 ) ,  The majority of fibers of each lamella TIm parallel 

with one another at approximately a 65° angle from the 

vertical plane, The fibers of adjacent lamellae overlie 

each other, forming a 1 30° angle between the fibers of 

adjacent lamellae, However, the direction of the lamella 

varies conSiderably from individual to individual and 

from one vertebra to the next (Humzah & Soames, 

1 988), The most superficial lamellae of the anulus fibro

sus attach via Sharpe)" s fibers (see Chapter 1 3  and Fig. 

1 3- 1 0) directly to the vertebral bodies in the region of 

the ring epiphysis. They anchor themselves to the zone 

of compact bone that forms the outSide of the vertebral 

rim, as well as the adjacent vertebral body and the pe

riosteum that covers it (Humzah & Soames, 1 988). The 

inner lamellae of the ;ll1ulus fibrosus attach to the carti

laginous vertebral end plate . 

The anulus fibrosus has been found to be the primary 

load-bearing structure of the disc. It can perform this 

function even when the nucleus has been experi

mentally removed (Humzah & Soames, 1988) , The an

terior aspect of the disc is stronger than the rest, 

whereas the posterolateral aspect of each disc is the 

weakest region . Therefore the posterolateral aspect of 

the IVD is the region most prone to protrusion and her

n iation . 

The most superficial l amellae of the anulus are inner

vated by general somatic afferent nerves a nd general vis

ceral afferent nerves (which TIm with sympathetic effer
ent fibers) . SpeCifically, the recurrent meningeal nerve 

innervates the posterior aspect of the anulus and sepa

rate nerves arising from the ventral ramus, and the sym

pathetic chain innervate the lateral ancl anterior aspects 

of the anulus. 

CLINICAL IMPLICATIONS 

Weinstein, Claverie, and Gibson (1 988) investigated the 

pain associated with discography. Discography is the in

jection of radiopaque dye into a disc and the subsequent 

visualization of the disc on x-ray film , They found neu

ropeptides, which are frequently identified as neuro

transmitters associatecl with inflammation (substance P, 

calcitonin gene related peptide, and vasoactive intestinal 

peptide), in the remaining lamellae of the ;mulus tlbro

sus and in the dorsal root ganglia of clogs that had un

dergone surgical removal of an intervertebral d isc (disc

ectomy). They state that the dorsal root ganglion may be 

a mediator of the sensory environment of the motor unit 

ancl that discs with anular d isruption may be sensitized 

to further irritation, Therefore fibers whose ce.1 1 bodies 
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Table 2-2 Composition of Anulus Fibrosus and 
Nucleus Pulposus 

Collagen 
Disc weight (%) 

Region" % Water typet Collagen; Proteoglycan§ 

Anll ius 60-70 50-60 20/50-60 
fibroSllS 

Nucleus 70-90 II 1 5-20 65/25 
pUlpOSllS 

'Values arc for (he l u mbar spine (Bogd uk & Twomey, 1 99 1 ). 

t l ,  1 1 ,  I l l ,  IV. 

;Pcrcemage of thy weight of disc made lip of collagen. 

§ Pcrcc mage of dry weight of <lisc made up of proteoglycan/percentage 

of prot<:oglycan found in aggregated form. 

reside in the dorsal root ganglion may release the new-o
transmitters listed previously into the region of the anu
Ius tibrosus, making the anulus more sensitive to injury. 
lois may mean that a torn or otherwise diseased disc 
could be more sensitive to further irritation and there
fore more capable of nociceptive (pain) stimulation than 
the discs of adjacent vertebrae. This may help to explain 
the heightened sensitivity of patients with disc disor
ders. Weinstein (1 988) used his findings to help explain 
why the chemical irritants found in the radiopaque dye 
(Renografin) injected into a disc during discography 
(Fig. 2-1 2) reproduce the patient's symptoms. However, 
the procedure is not generally associated with pain 
when the dye is injected into a neighboring healthy disc 
of the same individual. 

The lamellae of the anulus fibrosus are subject to tear
ing. These tears occur in two directions, circumferen
tially and radially. Many investigators believe that cir
cumferential tears are the most common. This type of 
tear represents a separation of adjacent lamellae of the 
anulus. The separation may cause the lamellae involved 
to tear away from their vertebral attachments. The 
second type of tear is radial in direction. These tears run 
from the deep lamellae of the anulus to the superficial 
layers. Most authors (Ito et aI . ,  1 99 1 )  believe these types 
of tears follow circumferential tears in chronology and 
that the circumferential tears make it easier for radial 
tears to occur. This is because the radial tears are able to 
connect the circumferential ones. When the connection 
occurs, the nucleus pulposus may be allowed to bulge 
or even extrude into the vertebral canal. This is known 
as intervertebral disc protrusion (bulging) or herniation 
(extrusion). 

However, Lipson (1 988) recently chaUenged the long
held assumption that disc herniations were the result of 
the nucleus pulposus' entering the vertebral canal 
through a tear in the anulus fibrosus. He showed that the 
material seen in IVD herniations did not consist of nu
cleus pulposus. He found the free edge of the herniated 
material to be very cellular in nature and very similar in 

FIG. 2-1 1  Low power photomicrograph demonstrating the 

lamellar arrangement of the anll i lls fibroslis. (Courtesy of 

Vernon-Roberts, from Jayson M. [ 1 992J nle lumbar spine and 
back pain (4th eel .) New York: Churchi l l  Livi ngstone.)  

light microscopic appearance to ,lIlulus fibrosus. 
However, the material was found to be younger than the 
surrounding anulus. After augmenting his work with bio
chemical studies, Lipson ( 1 988) concluded that the ma
terial herniated in disc prolapse was actually metaplastic 
fibrocartilage (cartilage cells growing at a more rapiel 
rate than surrounding cells) from the anulus fibrosus. He 
concluded that a herniated disc is a slowly progressing 
disease. He explained that the process may begin with a 
mechanical insult to the disc, resulting in a shift of the 
metabolic pathways within the cells of the antllus fibro
sus. The metabolic shift would result in metaplastiC 
change and growth of anular cells until protmsion oc
curred. This theory of disc protnlsion is quite different 
from the currently held belief that disc herniation is the 
result of the nucleus pu lposus' pushing through tears in 
the outer anulus fibrosus. Future study is required to ei
ther confirm or challenge Lipson's theory. Perhaps such 
metaplastic change occurs in a subpopulation of individ
uals with disorders of the IV O .  

Nucleus Pulposus 

The nucleus pulposus is a rounded region located within 
the center of the IVO (Fig. 2-1 0) .  The nucleus pulposus 
is thickest in the lumbar region, followed in thickness by 



G E N ERAL CHARACTERISTICS OF THE SPI N E  35 

FIG. 2-1 2  Normal d iscogram (left) and d iscogram demonstrating extrusion of nuclear ma

terial through the lamellae of the anulus fibrosus (right) . (Courtesy of Park, from Jayson M .  

[ 1 980J The lumbar spine and back pain (2nd ed ) Baltimore: Urban & Schwarzenburg and 

Pitman Publishing.) 

the cervical region; it  is the thinnest in the thoracic re

gion. It is most centrally placed within the horizontal 

plane in the cervical region and is more posteriorly 

placed in the lumbar region (Humzah & Soames, 1 988) . 

The nucleus pulposus develops from the embryologic 

notochord . It  is gelatinous and relatively large just after 

birth, and several multinucleated notochordal cells can 

be found within its substance (Williams et aI . ,  1 989) . 

The remnants of the notochord can be recognized in 

magnetic resonance imaging (MRI) scans as an irregular 

dark band, usually confined to the nucleus pulposus 

(Breger et aI . ,  1 988). The notochordal tissue has been 

found to be more apparent in fetal spines than in the 

spines of infants (Ho et a I . ,  1 988) . The notochordal cells 

deCt-ease in number over time and are almost completely 

replaced by fibrocartilage by approximately the eleventh 

year of l ife (\1Villiams et aI . , 1 989). As the notochordal 

cells are replaced, the outer aspect of the nucleus pul

posus blends with the inner layer of the anulus fibrosus, 

making it  difficult to determine the border between the 

two regions. Notochordal cells may remain anywhere 

throughout the spine. These remnants are known as no

tochordal "rests" and may develop i nto neoplasms 

known as chordomas. Chordomas most commonly oc

cur at the base of the sku l l  and in the lumbosacral region 

(Humzah & Soames, 1 988). 

The disc is an avascular structure, except for the most 

peripheral region of the anulus fibrosus, and the nucleus 

pulposus is responsible for absorbing the majority of the 

fluid received by the d isc . The process by which a disc 

absorbs fluid from the vertebral bodies above and below 

has been termed imbibition. The disc loses water when 

a load is applied but retains sodium and potassium.  This 

increase in electrolyte concentration creates an osmotic 

gradient that results in rapid rehydration when the 

loading of the disc is stopped (Kraemer et aI . , 1 985). 

The d isc apparently benefits from both activity during 

the day (Holm & Nachemson, 1 983) and the rest i t  re

ceives during the hours of sleep . As a result the disc is 
thicker (from superior to inferior) after rest than after 

a typical day of sitting, standing, and wal king. However, 

too much rest may not be beneficial .  A dect·ease in the 

amount of fluid (hydration) of the NDs has been noted 

on MRIs after 5 weeks of bed rest (LeBlanc et aI . ,  1 988). 

The disc reaches its peak hydration at about the age of 

30, and the process of degeneration begins shortly there

after (Coventry, 1 969) . As the disc ages, it becomes less 

gelatinous in consistency, and its ability to absorb fluid 

diminishes. The changes in composition and structure 
that are common to all sources of cartilage with aging 

occur earlier and to a greater extent in the IVD (Bayliss 

et aI . ,  1 988). Breakdown of the proteoglycan aggregates 

and monomers (see Fig. 1 3-6) is thought to contribute to 

this process of degeneration. The breakdown of proteo

glycan results in a decreased ability of the disc to absorb 

fluid,  which leads to a decrease in the ability of the disc 
to resist loads placed on it. The degeneration associated 

with the decrease in ability to absorb fluid (water) has 

been identified through use of computed tomography 

(CT) (Bahk & Lee, 1988) and MRI and has been corre
lated with histologic structure and flu id content. As 

the disc degenerates, it narrows in the superior to infe

rior dimensions and the adjacent vertebra l bodies may 

become sclerotic (thickened and opaque on x-ray fi lm). 
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Much of the disc thinning seen with age may also be the 

result of the disc sinking into the adjacent vertebral bod

ies over the course of many years (Humzah & Soames, 

1 988). 
Pathologic condi tions of the IVD are frequently seen 

in clinical practice. As mentioned p reviously, the nu

cleus pulposus may cause bulging of the outer anular 

fibers or may protrude (herniate) through the anllills. 

This was first described by M ixter and Barr (1 934) . 
Bulging or herniation of the disc may be a primary 

source of pain,  or pain may result because of pressure 

on the exiting nerve roots within the medial aspect 

of the intervertebral foramen. Such bulging is usually 

associated with heavy lifting or trauma, although such a 

history may be absent in as many as 28% of patients with 

confirmed disc protrusion (Martin, 1 978) . Some investi

gators believe proteoglycan leaking out of a tear in the 

anuills may also cause pain by creating a chemical irrita

tion of the exiting nerve roots. The pain that results from 

pressure on or irritation of a nerve root radia tes in a der

matomal pattern (see Chapter 1 1 ) .  Such pain is termed 

radicular pain because of its origin from the dorsal root 

(radix) or dorsal root gang1ion. Treatment for herniation 

of the nucleus ranges from excision of the disc (discec

tomy), to chemical degrad ation of the disc (chymopa

pain chemonucleolysis) (Alcalay et aI . ,  1 988; Dabezies e t  

aI . ,  1 988), to conservative methods (Sanders & Stein, 

1 988). 

Cartilaginous End Plate 

These cartilaginous plates l imit all but the most periph

eral rim of the d isc superiorly and inferiorly. They are at

tached both to the disc and to the adjacent vertebral 

body (Fig. 2-1 2).  Although a few authors consider the 

vertebral end plate to be a part of the vertebral body, 

most authorities conSider it to be an integra.! portion of 

the disc (Bogduk, 1 99 1 ;  Coventry, 1 969). The end plates 

are approximately 1 mm thick peripherally and 3 mm 

thick centrally. They are composed of both hyaline car

tilage and fibrocartilage. The hyaline cartilage is located 

against the vertebral body, and the fibrocartilage is 

found adjacent to the remainder of the IVD. The end 

plates help to prevent the vertebral bodies from u nder

going pressure atrophy and , at the same time, contain 

the anulus fibrosus and nucleus pulposus within their 

normal anatomic borders. 

The cartilaginous end plates are very important for 

proper nutrition of the disc (Humzah & Soames, 1 988). 
The end plates are very porous and allow fluid to enter 

a nd leave the anulus fibrosus and nucleus pulposus by 

osmotic action (Humzah & Soames, 1 988). Very early in 

postnatal life, small vascular channels enter the vertebral 

side of the vertebral end plate and a few channels enter 
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the outermost lamella of the anulus fibrosus. These 

channels disappear with age and are almost completely 

gone by the age of 30, leaving the IVD to obtain its nu

trition by means of imbibition through the vertebral end 

plate. 

The nucleus pulposus may rupture through the verte

bral end plate, causing a lesion known as Schmorl's 

node. These nodes cause the vertebrae surrounding the 

lesion to move closer together. This movement is 

thought to increase pressure on the posterior and ante

rior joints between the vertebrae, i.ncreasing the degen

erative process of the anterior interbody joint (the re

mainder of the IVD). In addition, the disc thinning or 

narrowing that results from these end plate herniations 

causes more force to be borne by the Z joints and may 
result in more rapid degeneration of these structures 

as well. 

The vertebral end plates begin to calcify and thin with 

advancing years. This leaves them more brittle. The cen

tral region of the end plate in some vertebrae of certain 

individuals may be completely lost in the later years of 

life. 

Innervation of the Intervertebral Discs 

The outer third of the anulus fibrosus of the IVDs has 

been found to receive both sensory and vasomotor in

nervation (Bogduk, Tynan, & Wilson, 1 98 1 ). The sensory 

fibers are probably both nociceptive (pain sensitive) and 

proprioceptive in nature, and the vasomotor fibers are 

associated with the small vessels located along the su

perficial aspect of the anulus fibrosus. The posterior as

pect of the disc receives its innervation from the recur

rent meningeal nerve (sinuvertebral nerve). The pos

terolateral aspect of the anulus receives both direct 

branches from the anterior primary division and also 

branches from the gray communicating rami of the sym

pathetic chain. The lateral and anterior aspects of the 

disc receive their innervation plimarily from branches of 

the gray communicating rami and also branches from 

the sympathetic chain. 

The fact that the disc has d irect nociceptive innerva

tion is clin ically relevant. The IVD itself is most likely 

able to generate pain. Therefore disorders affecting the 

IVDs alone (e .g. ,  internal disc disruption, tears of the 

outer third of the anulus fibrosus, and possibly even 

marked disc degeneration) can be the sole cause of back 

pain . The disc can also generate pain by compressing 

(entraping) an exiting dorsal root. As mentioned preVi

ously, leakage of nerve uTitating 01istamine-like) mole

cules from disrupted NDs also has been found to be a 

cause of irritation to the exiting dorsal root. These latter 

conditions cause a sharp, stabbing pain that radiates 

along a dermatomal pattern. This type of pain is known 
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as radicular pain because it results from irritation of 
a nerve root (radix). Chapter 1 1  covers the differentia
tion of radicular pain from somatic referred pain. The 
unique characteristics of the innervation to the IVDs of 
the specific spinal regions are covered in Chapters 5 
through 7.  

RELATIONSHIP OF THE SPINAL N ERVES TO 
THE INTERVERTEBRAL DISC 

The first seven spinal nerves exit through the interverte
bral foramen (IVF) located above the vertebra of the 
same number (example, C5 nerve exits the C4-C5 IVF) . 
This relationship changes at the eighth cervical nerve. 
Because there are eight cervical spinal nerves and only 
seven cervical vertebrae, the eighth cenrical nerve exits 
the IVF between C7 ami T1 (i.e. , inferior to C7). All 
spinal nerves located below the C8 cervical nerve exit 
inferior to the vertebra of the same number (i .e. ,  the T5 
nerve exits below T5 , through the T5-T6 IVF). Figure 
3-<1 shows this relationship. 

The previous information is of clinical importance. 
Because of the relationships just discussed, a disc herni
ation occurring at the level of the C3-C4 disc usually af
fects the exiting C4 nen'e. However, a disc protrusion of 
the T3-T4 IVO normally affects the T3 spinal nerve. The 
anatomic relationships of a disc protmsion in the lumbar 
spine are unique. As expected the exiting spinal nerve 
passes through the IVF located below the vertebra of the 
same number (L3 nerve through the L3-L4 IVF). 

However, the spinal cord ends at the Ll -L2 disc (see 
Chapter 3), and below this the lumbar and sacral roots 
descend inferiorly, forming the cauda equina. To exit an 
IVF, the sharply descending nerve roots must make a 
rather dramatic turn laterally, and as each nerve root ex
its, it "hugs" the pedicle of the most superior vertebra of 
the IVF (Fig. 2- 1 3) .  Because they leave at such an angle, 
the nerve roots are kept out of the way of the IVO at the 
same level. Even though they are pOSitioned away from 
the disc at their level of exit, they do pass across the IVO 
above their level of exit. This is approximately where 
they enter the dural root sleeve, and this is also where 
the nerve roots may be compressed by disc protmsions. 
The other nerve roots of the cauda equina are not as vul
nerable at this location because only the nerve begin
ning to exit the vertebral canal has entered its dural root 
sleeve. Once in the sleeve, the exiting nerve roots are 
contained and more or less held in place as they descend 
to exit the IVF. This more firmly positions the exiting 
roots against the disc above the level of exit (Fig. 2- 1 3) .  
The other nerve roots of the cauda equina, within the 
subarachnoid space of the lumbar cistern, "float" away 
from a protruding disc. The result is that a lumbar disc 
protrusion normally affects the nerve roots exiting the 

GENERAL CHARACTER ISTICS OF THE SPINE 37 

subjacent IVF (for example, a L3 disc protrusion affects 
the L4 nerve roots) . 

SYNDESMOSES OF THE SPINE 

In addition to the Z joints and the interbody symphysis, 
the spine also contains a number of joints classified as 
syndesmoses. Recall that a syndesmosis is a joint con
sisting of two bones connected by a l. igament. The spine 

is unique in that it has several examples of slich joints. 
The spinal syndesmoses include the following: 

• Axial-occipital syndesmosis (between odontoid ami 
clivus, ligaments include cmciform, apical-odon
toid, and alar) 

• Ligamentum nuchae (syndesmosis between OCCiput 
and C 1 -C7) 

• Laminar syndesmosis (ligamentum flavum) 
• Intertransverse syndesmosis (intertransverse liga

ment) 
• Supraspinous syndesmosis (supraspinous ligament) 
• Interspinous syndesmosis (interspinolls ligament) 

These joints are innervated by the posterior pri mary di
vision (dorsal ramus) exiting between the two vertebrae 
connected by the l igaments. Afferent nen'es running 
with sympathetic nerves also innervate these joints. The 
ligaments forming these joints are discussed in Chapters 
5 through 7 .  

VERTEBRAL CANAL 

The chapter has thus far been devoted to a discllssion 
of the relatively solid elements of the spine (e .g. , bones, 
ligaments, and joints) . The remainder of the chapter is 
devoted to the " holes" (l,atin = foramen, singular; 
foramina, plural) of the spine, what nlllS through them, 
anc! the clinical significance of these openings. 

A vertebral foramen (Fig. 2-3) is the opening within a 
vertebra through which the spinal cord or cauda eqllina 
nll1s. The vertebral foramen can be best defined by list
ing its boundaries. The boundaries of a typical vertebral 
foramen include the following: 

• Vertebral body 
• Left and right pedicles 
• Left and right laminae 
• Spinous process 
The boundaries of a vertebral foramen are shown in 

Fig. 2-3 . Two congenital anomalies can affect the verte
bral foramen. The first is failure of the posterior ele
ments of a vertebra to fuse during development. This is 
known as spina bifida (see Chapter 1 2) .  Another con
genital anomaly of the vertebral foramen is the develop
ment of a fibrous or bony bridge between the vertebral 
body and the spinous process. Such a bridge may divide 
the spinal cord midsagitally at that level. This condition, 
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F IG. 2- 1 3  Relationship of exiting nerve roots to the intervertebral discs. Notice the L4 nerve 

roots are vulnerable to a protrusion of the L3 disc. 

known as diastematomyelia,  may go unnoticed through

out l ife or may become symptomatic later in l ife or fol

lowing trauma. 

The collection of aU of the vertebral foramina is 

known as the vertebral (spinal) canal. Therefore the 

IVOs and the posteriorly located ligamenta f1ava (liga
mentum flavurn, singular) also participate i n  the forma

tion of the vertebral canal. The ligamenta f1ava are dis

cussed in detail in Chapter 5 .  

T h e  vertebral canal is fairly large i n  t h e  upper cervical 

region but narrows from C3 to C6. In fact the spinal cord 

fiUs 75% of the vertebral canal at the C6 level. Therefore 

the lower cervical cord is particularly vulnerable to a 

wide variety of pathologic entities that can compromise 
the cord within the vertebral canal. These include NO 

protrusion, hypertrophy of the ligamentum f1avum, 

space-occupying lesions, and arteriovenous malforma

tions. 

The vertebral canal follows the normal contour of the 

curves of the spine. It  i s  relatively large and triangular i n  

the cervical (see Fig. 5 - 1 )  and lumbar regions (see Fig. 7-

1 ) , where there is a great deal of spinal movement. The 

vertebral canal in the thoracic region is smaller and al

most circular in configuration (see Fig. 6- 1 ) .  This may be 

due to the fact that the thoracic spine undergoes less 

movement than the other regions of the spine. Also, the 

vertebral canal in the thoracic region does not need to 
be as large as in the cervical region. This is because the 

thoracic spinal cord is narrower than the cervical cord, 

which contains the cervical enlargement. 
The size of the vertebral canal has been assessed by 

several investigators, most of whom were interested in  

the  condition of spinal (vertebral) canal stenosis. This 

condition is defined as a narrowing of e ither the antero

posterior or the transverse diameter of the vertebral 

canal. Some investigators have shown a change in verte

bral d imensions and canal size with normal aging 

(Leiviska, 1 985). However, spinal canal stenosis seems to 
have a strong developmental component and may be 

due, in  part , to prenatal anel perinatal growth disruption 

(Clarke et aI . , 1 985). Vertebral canal growth is approxi

mately 90% complete by late i nfancy. Since canal d iame

ters do not undergo "catch-up growth" (Clarke et aI . ,  

1 985) factors affecting canal size must occur before in

fancy. A significant relationship has been found between 

a decrease in anteroposterior vertebral foramen size and 

spinal cord constriction. As little as 2 mm in anteropos

terior diameter separates persons with or without low 

\ 



back pain , and Clarke and colleagues ( 1 985) suggest that 

as many as 53% of low back pain patients may have an

teroposterior spinal stenosis. Clarke and colleagues 

( 1 985) believe that spinal stenosis and sciatica may have 

a developmental basis and that perhaps there is a higher 

association between canal size and low back pain than 

was previously realized (Clarke et  aI., 1 985). They be

lieve that attention to prenatal and neonatal nutrition 

may play an impo11ant role in preventing back pain from 

this origin. In addition, they state that maternal smoking 

and other environmental factors have been shown to sig

nificantly reduce head circumference. They hypothesize 

that the same phenomenon may occur with the verte

bral canal (Clarke et aI . ,  1 985). If this is shown to be the 

case, reduction in maternal smoking may prevent future 

back pain in the offspring. The effect of smoking on 

back pain in adults is stil1 a subject of much debate, and 

many prominent surgeons strongly suggest that a. person 

stop smoking before undergoing a surgical procedure on 

the spine (Herkowitz et aI . ,  1 992). 

External Vertebral Venous Plexus 

Before investigating the contents of the vertebral canal it 

is necessary to d iscuss a plexus of veins that surrounds 

the outside of the ve11ebrae and the vertebral canal. This 

network of veins surrounding the external aspect of the 

vertebral column is known as the external vertebral ve

nous plexus. The external vertebral venous plexus is as

sociated with both the posterior and anterior elements 

of the vertebral column and can be divided into an an

terior external vertebral venous plexus surrounding 

the ve11ebral bodies and a posterior external vertebral 

venous plexus associated with the neural arches of 

adjacent vertebrae. These plexuses communicate with 

segmental veins throughout the spine (deep cervical 

veins, intercostal veins, lumbar veins, and ascending 

lumbar veins) and also with the internal vertebral venous 

plexus, which lies within the vertebral canal. The exter

nal and internal vertebral plexuses communicate 

through the IVFs and also directly through the vertebral 

bodies. The veins, which lUn through the IVFs to con

nect the two plexuses, su rround the exiting spinal 
'
nerve 

and form a vascular cuff arolmd the nerve (Humzah & 

Soames, 1 988). 

Epidural Space 

The region immediately beneath the bony and ligamen

tous elements forming the vertebral canal is known as 

the epidural space (see dura mater in Fig. 2- 1 3). The 

epidural space is sometimes entered at the L3-L4 inter

spinous space for the purpose of administering anes

thetics. The depth to the epidural space at this level is 

4.77 ± 0.55 cm in males and 4.25 ± 0 .55  cm in females. 
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The range of depth is 3.0 to 7.0 cm ( 1 . 2  to 2.8 inches), 

and there is a positive correlation between both body 

weight and body height with the depth to the epidural 

space (Chen et a I . ,  1989). 

The epidural space contains a venous plexus embed

ded in a thin layer of adipose tissue. The adipose tissue 

is known as the epidural adipose tissue, or epidural fat, 

and the venous plexus is known as the internal vertebral 

venous plexus. 

Internal Vertebral Venous Plexus 

The internal vertebral venous plexus is located beneath 

the bony elements of the vertebral foramina (laminae, 

spinous processes, pedicles, and vertebral body). As pre

viously mentioned, it is embedded in a layer of loose are

olar tissue known as the epidural (extradural) adipose 

tissue. The internal vertebral venous plexus is a clinically 

important plexus, and perhaps for this reason it  has been 

given many names. It is known as the internal vertebral 

venous plexus, the epidural venous plexus, the ex

tradural venous plexus, and also as Batson's channels. 

The internal vertebral venous plexus consists of many 

interconnected longitudinal channels. Several run along 

the posterior aspect of the vertebral canal, and several 

nlll along the anterior aspect of the canal.  The anterior 

channels drain the vertebral bodies via large basiverte

bral veins. The baSivertebral veins pierce the center of 

each vertebral body and communicate posteriorly with 

the internal plexus and anteriorly with the external ver

tebral venous plexus. The posterior communication of 

the basivertebral veins with the anterior internal verte

bral venous plexus occurs by means of small veins that 

run from the basivertebral veins and around the poste

rior longitudinal ligament to reach the anterior internal 

vertebral venous plexus. 

The veins of the internal vertebral venous plexus con

tain no valves; therefore the direction of drainage is pos

ture and respiration dependent. Inferiorly this plexus is 

continuous with the prostatic venous plexus of the 

male, and superiorly (in both sexes), it is continuous 

with the OCCipital dura mater venous sinus of the poste

rior cranial fossa. Therefore prostatic carcinoma may 

metastasize via this route to all regions of the spine and 

to the meninges and the brain. 

The walls of the veins of the internal vertebral venous 

plexus are very thin and may collapse from the pressure 

of an IVD protrusion. This fact has been used in a pro

cedure known as epidural venography (Fig. 2-1 4) to aid 

in the diagnosis of IVD disease . In epidural venography, 

radiopaque dye is injected into the epidu ral veins and x

ray films are taken. This allows the veins filled with dye 

to be visualized Qayson, 1 980). Pressure from a disc pro

trusion prevents the veins from filling and is seen as an 

area devoid of dye on the x-ray film. 
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Spinal  epidural hematoma is a condition i n  which 

b leeding occurs i n to the space surrounding the dura 

mater. It is usually the result of a mptured epidural vein 

and is rather rare, with only 250 cases reported in the l it

erature. Of these approximately 50% are spontaneous 

a nd of unknown cause. The causes of the remainder of 

the cases i nclude tratU113, anticoagulant therapy, a nd ar

teriovenous malformatio n .  Spinal epidural hematoma 

may simulate IVD protmsion but can usually be identi

fied through MRI (Mirkovic & Melany, 1 992). Treatment 

is usually removal of pressure (decompression) by the 

removal of a lam i na (laminectomy), a lth ough several 

cases with spontaneous recovery have been reported 

(Sei et aI. , 1 99 1 ) . 

Meningeal and Neural Elements Within the 
Vertebral Canal 

The meningeal and neural clements of the vertebral 

canal are thoroughly d iscussed in Chapter 3. This section 

focuses on the neural elements that enter and leave the 

veltebral canal. 

Beneath the epidura l  venous plexus and epidural  adi

pose tissue lie the meninges, which surround the spinal 

cord (Fig. 2- 1 5).  These layers of tissue are known as the 

dura mater, arach noid mater, and p ia mater. 

The spinal cord Lies under the arachnoid a nd pia mater 

(Fig. 2- 1 5) .  Beneath the transparent pia mater, dorsal and 

ventral rootlets can be seen attaching to the spinal cord . 

These rootlets d ivide the spinal cord i nto spinal cord seg

ments (see C hapter 3). A spinal corel segment is the re

gion of the spinal corel delineated by those eXiting dor

sal and ventral rootlets that eventually u nite to form a 

single mixed spinal nerve. Spinal cord segments can be 

easily identified on a gross speci men of the spinal 

cord(see Figure 3-8, C). The rootlets combine to form 

dorsal roots (from dorsal rootlets) and ventral roots 

(from ventral rootlets). The dorsal and ventral roots then 

u nite to form a mixed spinal nerve. The rootlets are " ex

ceedingly d e l icate and vulnerable and when implicated 

in fibrous adhesions from wha tever cause, undergo irre

versible cha nges" (Domisse & Louw, 1 990) . 

Formation of the Mixed Spinal Nerve and 

Anterior and Posterior Primary Drvisions. The dor

sal and ventral roots unite within the IVF to form the 

mixed spinal nerve (Fig. 2-16; also see Chapter 3). As tile 

mixed spinal nerve exits the IVF, it divides into two 

parts: a posterior primary division (dorsa l ramus) and an 

anterior primary d ivision (ventral ramus) (Fig. 2-1 5).  The 

posterior primary d ivision further d ivides into a medial 

branch, which supplies the Z joints a n d  transver

sospinalis group of deep back muscles, and a lateral 

branch, which supplies the sacrospinalis group of deep 

FIG. 2- 14 Epidural venogram.  Radiopaque dye was injected 

into the epidural venous plexus, x-ray films were taken, and ex

traneous tissue was removed using digital subtraction tech

niques. Asterisks, An intervertebral disc protrusion; notice that 

the dye has not filled tile veins in this region (Collrtesy of Park, 

from Jayson M .  [ 1 980J Tbe /umuar sjJinl! alld iJack jJa in [2nd 

e d . ]  Baltimore: Urban & Schwarzenberg and Pitman.) 

back muscles (see Chapter 4). The anterior primary 

division may u nite with other ant erior pri mary d ivisions 

to form one of the plexuses of the body. Anterior pri

mary d ivisions a lso innervate the bocly wall ; the i nter

costal nerves serve as a prime example of this function . 

The plexuses of the anterior primary divisions and the 

specific i nnervation of spinal stmctures by tlll' posterior 

primary d ivisions are discussed in the chapters covering 

the specific regions of the spine (see Chapters 5 through 

8). The p lexllses are discusseci in the chapter dealing 

with the spinal region from which they arise. 

Arterial Supply to the Spine 

The external aspect of the vertebral column receives its 

arterial supply from branches of deep arteries " in the 

neighborhood. "  The cervical region is  supplied by the 

left and right deep cervical arteries (from the costocer

vical trunks) a nd also the righ t and left ascending cervi

cal arteries (from the right and left inferior thyroid ar

teries). The thoracic region of the spine is supplied by 

posterior intercostal arteries, and the l u mbar region i s  

supplied b y  lumbar segmental arteries. 
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FIG. 2- 1 5  The vertebral canal with th e posterior vertebral 

arche� re moved. Notice the dura m a ter, arach noid, and neural 

element� within the cana l .  

The in ternal aspect o f  the vertebral canal receives its 

arterial supply fi·om segmental arteries that send spinal 

branches into the NFs, The segmental a rteries are 

branches of the vertebral arte1)' in the cervical region,  

the intercostal arteries i n  the thoracic region ,  and the 

lumbar arteries in the lumbar region. 

On entering the IVF, each spinal branch of a segmen

tal artel), further divides i nto three branches. One 

branch courses posteriorly to supply the posterior arch 

structures of the neighboring vertebrae. Another branch 

courses a nteriorly to supply the posterior longitudina l 

ligament, the posterior aspect of the vertebral body, a nd 

the surrounding tissues. The third branch of each seg· 

menta l artery, known as the neural  branch, runs to the 

mixed spinal nerve. U nique characteristics of the blood 

supply to each region of the spine are discussed in fur· 

ther detail in the chapters on spe cific regions of the 

spine (Chapters 5 through 8) The spinal  cord , the vas

culature of the cord , and its meningeal coverings are dis

cussed in detail in Chapter :,) ,  

INTERVERTEBRAL FORAMEN 

The second major opening, or for a men, of the spine is 

the i ntervertebral fora men , The IVF is an area of great 

biomec ha nical,  functional ,  and clinical Signific ance 

(Will iams et a l . ,  1 989), M u c h  of its importance stems 

from the fact that the NF provides an osteoligamenrous 

boundary bettveen the central nervous system and the 

peripheral nervous system. This foramen is unl ike any 

other in the body in that the spinal nerve and vessels 

running through it are passing through an opening 

formed by two movable bones (vertebrae) and two 

joints (anterior interbody joint ancl the Z joint) (Amonoo

Kuofi et a l . ,  1 988), Because of this the IVFs change size 

d u ri ng movement They become larger in spina l flexion 

ancl smaller in extension (Amonoo-Kuofi et  a L ,  1 98R; 
Awalt et a L ,  1 989; Mayoux-Benha mou et al . , 1 989) . 
Compression of the exiting spi nal nerves or other fo

raminal contents has been reported to be an i mpor

tant calise of back pain a nd pain radiating into the 
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extremities (Amonoo-Kuofi et aI . ,  1 988). Hasue et al. 
( 1 983) found evidence that osseOllS tissue can constrict 
neurovascular tissue in the nerve root tunnel (lYF). 
Therefore knowledge of the specific anatomy of this 
clinically important area is important in the differential 
diagnosis of back and extremity pain and can help with 
the proper management of individuals with compromise 
of this region. 

A pair (left and right) of IVFs are located between aU 
of the adjacent vertebrae from C2 to the sacrum. The 
sacrum also has a series of paired dorsal and ventral 
foramina (Chapter 8) . There are no IVFs between C l  and 
C2 . Where present, the IVFs lie posterior to the vertebral 
bodies and between the superior and inferior vertebral 
notches of adjacent vertebrae. Therefore the pedicles of 
adjacent vertebrae form the roof and floor of this region. 
The width of the pedicles in the horizontal plane gives 
depth to these openings, actually making them neural ' 

canals (Czervionke et aI., 1 988) rather than foramina, 
but the name intervertebral foramina remains. 

Six structures form the botmdaries of the IVF (Fig. 2-
16, A and B). Beginning from the most superior border 
(roof) and continuing anteriorly in a circular fashion, the 
boundaries include the following: 

• The pedicle of the vertebra above (more specifi
cally, its periosteum) 

• The vertebral body of the vertebra above (again, its 
periosteum) 

• The IVO (posterolateral aspect of the anulus fibro
sus) 

• The vertebral body of the vertebra below, and in 
the cervical region, the uncinate process (perios
teum) 

• The pedicle of the vertebra below forms the floor 
of the IVF (periosteum). A small part of the sacral 
base (between the superior articular process and 
the body of the S 1 segment) forms the floor of the 
L5-S 1 IVF. 

• The Z joint forms the " posterior wall . "  Recall that 
the Z joint is made up of (a) the inferior articular 
process (anel facet) of the vertebra above, (b) the 
superior articular process (and facet) of the verte
bra below, and (c) the anterior articular capsule, 
which is composed of the Ligamentum flavum 
(Giles, 1 992;  Xu et aI., 1 99 1 ) . 

The IVFs are smallest in the cervical region, and 
generally there is a gradual increase in IVF dimen
sions to the L4 vertebra. The left and right IVFs between 
L5 and 51 are unique in size and shape (see the follow
ing discussion) . The unique characteristics of the cervi
cal, thoracic, and lumbar IVFs are covered in the chap
ters on regional anatomy of the spine (Chapters 5 
through 7). 

As mentioned previously the IVFs are actually canals. 
These canals vary in width from approximately 5 mm 

(Hewitt, 1 970) in the cervical region to 18 mm 
(Pfaundler, 1 989) at the L5-S 1 level. 

Many structures traverse the IVF (Fig. 2-1 6). They in
clude the following: 

• The mixed spinal nerve (union of dorsal and ven-
tral roots) 

• The dural root sleeve 
• Lymphatic channel(s) 
• The spinal branch of a segmental artery. This artery 

divides into three branches: one to the posterior as
pect of the vertebral body, one to the posterior 
arch, and one to the mixed spinal nerve (neural 
branch) 

• Communicating (intervertebral) veins between the 
internal and external vertebr;ll venous plexuses 

• Two to four recurrent meningeal (sinllvertebral) 
nerves 

Adipose tissue surrounds all of the listed stmctures. 
The dorsal and ventral roots unite to form the mixed 

spinal nerve in the region of the IVF , and the mixed 
spinal nerve is surrounded by the dural root sleeve. 
The dural root sleeve is attached to the borders of 
the IVF by a series of fibrous bands. The dural root 
sleeve becomes continuous with the epineurium of the 
mixed spinal nerve at the lateral border of the rVF 

(Fig. 2-16). The arachnoid blends with the perineurium 
proximal to the dorsal root ganglion and at an equivalent 
region of the ventral root (HeWitt, 1 970). Occasionally 
the arachnoid extends more distally, and in sllch cases 
the subarachnoid space extends to the lateral third of 
the IVF . 

Each recurrent meningeal nerve (sinllvertebral nelve 
of Von Luschka) originates from the most proximal por
tion of the ventral ramus. It receives a branch from the 
nearest gray communicating ramlls of the sympathetic 
chain before traversing the IVF . This nerve provides sen
sory innervation (induding nociception) to the posterior 
aspect of the anulus fibrosus, the posterior longitudinal 
Ligament, anterior epidural veins, periosteum of the pos
terior aspect of the vertebral bodies, and the anterior as
pect of the spinal dura mater. Usually several recurrent 
meningeal nerves enter the same IVF. These nerves are 
discussed in more detail in Chapters 5 and 1 1 .  

Since the beginning of the twentieth century, the 
IVF has been a region that has received much attention 
from those engaged in the treatment of the spine. The ef
fects of spinal adjusting on the nerve roots and spinal 
nerves is an area of acute interest and much debate. 
Lumbar IVFs have received much scrutiny because of 
their extreme clinical importance in lumbar IVO protru
sion and lumbar intelvertebral foraminal (canal) steno
sis. In the words of Lancourt, Glenn, & Wiltse ( 1979), 
"The importance of the nelve root entrapment in the 
nerve root canals cannot be overemphasized."  The ar
teries, veins, lymphatics, and particularly the neural 
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flG. 2 - 1 6 Lumbar i nten'enebral foramen. In addition to the 

structures labeled, notice the i ntervertebral veins (blue) ,  the 

spinal branch (ramus) of a lumbar segmental artery (red), and 

a lymphatic channel (green) . C, Horizontal section through the 

intervertebral foramen. Notice the recurrent meningeal nerve 

elements may be adversely affected by pathologic con

ditions of one or more of the following structures 

(Williams et aI. , 1 989): 
• Fibrocarti lage of the ,mulus fibrosus 
• Nucleus pulposus (especially in earlier decades) 

• Red bone marrow of the vertebral bodies 

• Compact bone of the pedicles 

• Z joints 

Capsules 

Synovial membranes 

Articular cartilage 

originates from the most proximal portion of the anterior pri

mary division anel receives a branch from the gray communi

cating ramus. It then passes medially to enter the intervertebral 

foramen. 

Fibroadipose meniscoids 

Fat pads 

Connective tissue rim (fibrous labra) 

• Costocorporeal joints (in the thoracic region) 

Even though there have been a few well-documented 

studies of the fVF, very little is known about the normal 

size of this region in the living. For the fi rst time the 

imaging modalities of CT and MRi al low for accurate 

evaluation of the IVF in the living. Previous studies have 
shown both methods to be reliable in measuring the rVF 

in the sagittal plane (Cramer et a l . ,  1 992a). 
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Fig. 2- 1 7  shows three parameters measured from MRI 

scans of the lumbar IVFs of normal human subjects. 

Table 2-3 shows the average values obtained from the 

left lumbar IVFs of 37 subjects ( 1 7  females and 20 

males), and Table 2-4 gives the same values for the right 

side. Figs. 2-] 8 and 2- 1 9  show the va lues d isplayed 

graphically. Notice that the values are very much the 

same from left to right. I n  fact the relationship between 

left and right rvFs at the same level is  statistically signifi

cant (Cramer et a I . ,  I 992b). The greatest superior to i n

ferior dimension of the IVF is at L2 . rvF dimension then 

diminishes u ntil L5,  where it is the smallest. The antero

posterior dimensions are smaller than the vertical di

mensions and remain quite constant throughout the lum

bar region, with the more superior of the two :.tntero
posterior measurements shown in Fig. 2- 1 7  being larger. 

Therefore the rvFs from L1 to L4 are similar in shape. 

They arc shaped like an inverted pear. The L5 rvF is dis

tinct in shape. It is more oval than the others, with the 

superior to inferior dimension being greater than the an

teroposterior dimension.  

The databases, such as those shown in the previously 

mentioned tables, and figures are compiled to benefit 

biomechanic and clinical researchers. The normative 

data may be used as a source of comparison when study

ing the IVF in healthy and d iseased states. Perhaps more 
importantly these databases may aid clin icians in deter

mining the relative patency of the lumbar TVFs in their 

patients with suspected in tervertebral foraminal stenosis 

(narrowing). Such stenosis can occur as the result of d isc 

degeneration (Crock, 1 976), ligamentum tlaV1l1l1 hyper

trophy, or Z joint arthrosis (increased bone formation 

because of  increased weight bearing or torSional stress), 

Of further in terest to clinicians is the fact that the di

mensions of the IVF have been found to be significantly 

related to anteroposterior vertebral canal cliameters, 

However. transverse diameters of the vertebral canals 

:.tnd vertebral body heights do not correlate with IVF di

mensions (Clarke et aI . , 1 985) , Clarke and colleagues 

( 1 985) suggest that sp inal stenosis and sciatica may both 

have a developmental basis, and perhaps a h igher asso

ciation exists between canal size and low back pain than 

was previously realized (Clarke et aI . , 1 985). They spec

ulate that prenatal and neonatal growth disruption may 

be a primary cause of abnormally small vertebral canal 

an<.l IYF size. This is  certainly an important  area for fu

ture investigation , 

Accessory Ligaments of the Intervertebral 
Foramen 

In 1969 Golub and Siverman first used the term trans
foraminat ligament (TFL) when describing a ligamen

tous band that crosses the IVF at any level of the spine. 

These ligaments vary considerably in size, shape, and 

Vertebra l 
body 

Inferior 
a rticular 
process 

I ntervertebral 
foramen 

I n tervertebral 
d isc 

FIG. 2- 1 7 Three measurements mack of the lumbar i nt<:r

vertebral foramina.  These measurements were made on the 
parasagi ttal  ,'vI Rl scans of 57 individuals to gene rate the data 

used to create Table 2-5 and 2-4. The measurements of this fig

ure read "0 .00" because the scale was set to zero before this 

p hotograph was take n .  This was done to avoid a distracting 

overlap of numbers on l h e  screen. ormally each measure

ment would be made sepa rate ly and the i n tervertebral foramen 

would be cleared of lines fol lowi ng eac h measu rement , 

Table 2-3 Dimensions of Left L .umbar IYFs* 

Superior to 
IVF inferior dinlension SAP lAP 

LL l 1 9 50 ( 1 75) 9 05 ( 1 25) 7 . 96 ( I  5) 
U2 2 11 2  ( 1 5 l ) 1 0 .09 ( ll'lO) 7 l'l:1 ( l .  58) 
LL5 20 5 5  ( 1 . 75) 1 0  7S (2 70) H .07 ( 1 . 79) 

LL4 1 9 30 ( ISS) 1 047 ( 199) 74:1 ( l . l'l2) 

LLS 1640 (2 20) 1 0 93 ( 1 92) 9 :30 (2 I I )  

(From Cramer et a l .  1 1 992b l Proc / ')')1 I n  tef'llll tI COIl/ .\jlin Mtilli/!
uloli{Jll. I ,  j-5 . )  SAP. Superior,  anteroposlerior measuremcnt t�ken �t 

the Icvcl of the Z joint .  lAP, Inferior, anteropostcrior ,l1casurcmcnt 

taken at the Icvcl of the i n ferior vertebral end plate . 

'The average size of the left L I -L'i lVi's for thrce mG,slIrcd parameters 

(F ig . 2- 1 7). V"llIes given i n  millimeters with standard deviations in 

parenthcscs. Valucs calclIlatnl from "7 hllman subjects: 17 femalcs 

and 20 males. 

location from one IVF to another. The authors found that 

the spinal arteries and veins ran above this structure and 

the anterior primary d ivision ran underneath it. Fig. 2-20 

shows a TFL at the L5-S 1 level of a cadaveric spine, 



Table 2-4 Di m en sions of Right Lumbar IVFs· 

Superior to 
IVF inferior' dimension SAP lAP 

H l l  9 28 ( 1 . 5 1) 8 . 1 8 0 . 5 1 ) 

RL2 2 1 . 44 (2 1 1) 10 .30 ( 1 .94) 8.08 ( 1 .73) 

RU 20.70 ( 1 7 5) 10 .75 ( 1 . 92) 8 23 0 . 56) 

R1.4 1 9 07 (2 0 1 )  10 7 3  (2 06) 7 79 ( 86) 

RL5 16.72 (2.0 1 )  9 98 ( 1 67) 8 .24 0 .87) 

(From Cramer er al .  1 1 992bJ . Proc 1992 1nternatl Conf Spill Mantp
ula/i()rI, I, :\·5 .)  SAP, Superior, a nteroposterior measurement taken at 

tlte level of the Z joint. lAP, I nferior, anteroposterior measurement 

taken at the level of the inferior vertebral end plate. 

'The average size of the right L J -L5 lVFs for three measured parameters 

(Fig. 2· 1 7 ) .  V,]lues given in millimeters with standard deviations in 

parentheses. V�tlues calculated from 37 human subjects: 17 females 

and 20 males. 

Fig. 2-2 1 shows two MRIs of the same cadaveric spin e .  

The TFL i s  shown on the MRI o f  Fig. 2-2 1 ,  B. 

Bachop and Janse ( 1 983) reported that the higher the 

ligament is placed, the less space remains for the spinal 

vessels, which could conceivably lead to ischernia or ve

nous congestion. They also postulated that lower place

ment of the ligament would increase the possibility of 

sensory and motor deficits. 

Bachop and Hilgendorf ( 1 98 1 )  studied 15 spines and 

from these d issected the lumbar IVFs (a total of 1 50 

IVFs). From these d issections they found the foUowing: 

. 26 ( 1 7 .3%) of IVFs had TFLs 

. 1 3  (50%) of TFLs were at L5-S 1 
• 1 1  (73 .3%) of the 1 5  spines had 1 or 2 TFLs at 

L5-S 1 

. 2 ( 1 3. 3%) of the 1 5  spines had TFLs at L5-S 1 on 

both the left and right sides 

The term corporotransverse ligament is used when 

referring to a TFL that nIns between the vertebral body 

and the transverse process at the L5-S1 j unction (Bachop 

and Janse, 1983). Bachop and Hilgendorf ( 1 98 1) found 

that the corporotransverse ligaments were of two 

basic types: broad and flat, and rodlike, The rodlike 

ligaments were usually tougher (firmer) than the flat 

type. Golub and Silverman ( 1 969) reported that the rod

like ligaments could calcify and be seen on x-ray film. 

Bachop and Ro (1 984) found the gray sympathetic ramus 

running through the opening above the corporotrans

verse ligament. 

Bachop and Janse ( 1 983) felt that the corporotrans

verse ligament could have a constricting effect on the 

anterior primary d ivision (ventral ramus). That is ,  in pa· 

tients with SCiatica, as the leg is raised, the anterior pri· 

mary diviSion could be stretched across the ligament, 

possibly mimicking the thigh and leg pain of a disc pro

trusion. 

Breig and Troup (1 979) and Rydevi k  and colleagues 

(1 984) have reported on increased sensitivity of in-
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FIG. 2- 1 8  Dimensions of the left lumbar intervertebal foram· 

ina of 37 normal human subjects. Notice the two a nteroposte· 

rior measurements (SAP ancl lAP) remain a lmost the same 

throughout the lumbar region. The superior to inferior dimen

sion (S-l) is the greatest at L2 ancl then becomes progressively 

smaller. 
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FIG. 2- 19 Dimensions of the right lumbar intervertebral 

foramina IVFs of the same 37 subjects studied in Fig. 2- 18 .  

Notice that  the va l ues are similar to those of the left interver· 
tebral foram ina charted in Fig. 2- 18 .  

flamed nerve roots. Factors such as facet arthrOSis, elise 

protrusion, and ligamentum flavum hypertrophy could 

conceivably increase intraforaminal pressure. The pres

ence of a corporotransverse ligament could further in

crease this pressure and possibly cause a subclinical 

problem to become clinical. Other ligaments that might 

impinge on nerves and blood vessels have been de

scribed by Bogduk ( 1 98 1 )  and Nathan, Weizenbluth, & 

Halperin ( 1 982). 

Amonoo-Kuofi has recently d iscussed accessory liga

ments of the IVF (1 988). He found them consistently 

throughout the lumbar region and mapped out the rela

tionship of the spinal nerve, segmental veins and arter

ies, and the recurrent meningeal nerve through the 

openings between the l igaments. He concluded that the 
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FIG. 2-20 Lateral view of a cadaveric lumbar spine. The red pins pass beneath a corporo

transverse ligament that spans the left L5-S1 intervertebral foramen. Notice the anterior pri

mary division (ventral ramus) passing beneath this ligament (between the red pins). 

accessory ligaments tend to hold the previously men
tioned stmctures in their proper place . 

Nowicki and Haughton C 1 992a) also recently studied 
these structures. Their findings differed somewhat from 
Amonoo-Kuofi's  in that the total num ber of ligaments 
found at each IVF was fewer and the variolls types of lig
aments were found with less frequency. However, 
Nowicki and Haughton ( 1 992a) did find certain liga
ments with great frequency, and they were able to iden
tify several of them on MRI scans (Nowicki & Haughton, 
1 992b). Bakkum and Mestan ( 1 994) found that of 49 
lower thoracic and lumbar IVFs examin ed on four ca
daveric spines, 7 1 .4% had TFLs present in the lateral as
pect (exit zone) of the IVF . They also found that when 

TFLs were present, the superior to inferior dimension of 
the compartment transmitting the anterior primary divi
sion of the spinal nerve was significantly decreased as 

compared with the osseo liS IVF (the mean decrease in 
size was 3 1 . 5%). Bakkum and Meastan concluded that 

there is often less space at the exit zone of the IVF for 
the emerging anterior primary division than is tradition
ally thought.  Further they felt that the decreased space 
may, at times, contribute to the incidence of neurologic 
symptoms in the region, especially following trauma or 
secondary to degenerative arthritic changes in the re
gion of the IVF. 

ADVANCED DIAGNOSTIC IMAGING 

One of the most important clinical applications of the 
anatomy of the spine and spinal cord is in the field of ad
vanced diagnostic imaging. The imaging modalities of 
CT and M RI frequently allow for extremely clear visual

ization of the normal and pathologic anatomy of spinal 
structures. Examples of these images are inclucled in fu
ture chapters to demonstrate various anatomic stmc
tures and also to show how some of the stmctures dis
cllssed in the text appear on these images. A general 
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R( • .  lol l Parasagittal MRI scans of the same cadaveric spine shown in Fig. 2-20.  A, The an

terior primary division (ventral ramus). B, Corporotransverse ligament. 

understanding of the advantages and disadvantages of 

the most commonly used advanced imaging techniques 

helps the reader gain more information from these 

images. Therefore the first purpose of this section , 

which is written for those who do not come in contact 

with these films on a daily basis, is to review the gen

eral application and uses of advanced diagnostic imag

ing procedures. The second purpose is to discuss 

which atomic structures and spinal disorders can best 

be imaged with a specific type of modality. Areas of 

relevant research also are discussed when the resu l ts af

fect  currently used imaging procedures. The fi nal p ur

pose is to provide a review of the l iterature for the stu

dent, clinician, and researcher whose major field is not 

related to diagnostic imaging. Because most of the prin

ciples discussed in this section are applicable to all 

spinal regions, diagnostic imaging included in this chap

ter is related to general characteristics of the spine rather 

than to specific spinal regions, which are discussed later 

in the text. 
Since the advanced imaging modalities most com

monly used are MRI and CT, the majority of this review 
dea ls with rhese two imaging modalities. Other meth

ods, including myelography, discography, angiography, 

ultrasonography, three-dimensional computed tomogra

phy, radionuclide imaging, and digital imaging, also are 

discussed. 

Magnetic Resonance Imaging 

MRl is the newest of the advanced imaging techniques 

and has rapidly gained worldwide acceptance as a velY 

important component of spinal imaging. MRl shows soft 

tissue espeCially well .  MRl represents a quantum leap in 

the evaluation of patients with disc disease (Woodruff, 

1 988), has been found to be more sensitive than con

trast-enhanced CT in demonstrating disc degeneration 

(Schnebel et a I . ,  1 989), and is currently the imaging 

modality of choice in the evaluation of lumbar disc her

niation (Forristall, Marsh, & Pay, 1 988; Jackson et aI . ,  
1 989), MRl can also detect disruption of the posterior 

longitudinal ligament secondary to herniated nucleus 

pulposlls. MRl allows for visualization of the discs, cere

brospinal fluid,  cord, and the perin1eter of the spinal 

canal in several planes without the use of intravenous 

contrast and is therefore currently the method of choice 

for d"!tecting disorders of the spinal canal and spinal 

cord (Woodruff, 1 988). Spinal cord tumors, sy

ringomyelia, extramedullary tumors (e ,g . ,  menin

giomas), metastatic disease to the vertebrae, and dys

raphism (spina bifida) are all evaluated exceptionally 

well with this technology (Alexander, 1 988; Woodruff, 

1988). MRl has also been found to be effective in the 

evaluation of failed back surgery syndrome by differenti

ating fibrotic scar formation secondalY to spinal surgery 

B 
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from disc herniation (Frocrain et a I . ,  1 989; Kricun et a I . ,  

1 990) and is becoming the most important modality for 
a l l  imaging of the postoperative spine (Djukic e t  a I . ,  
1 990). Discitis c a n  also be evaluated with MRl 

(Woodmff, 1 988). M Rl and conventional films are con
sidered adequate for the preneurosurgical evaluation of 
cervical radiculopathy and myelopathy, with CT myel
ography being the fol low-up procedure of choice 
(Brown et a I . ,  1 988). 

M RI is a rapielly developing field, and the many tech
nical advances should continue to improve its clinical 
utility. One such advance is the ability to d ecrease cere
brospinal fluid (CSF) flow artifact. This development re
sults in better visualization of the spinal cord and the 
corcl-CSF interface. Other advances are related to an in
creased variety of new imaging protocols used by radiol
ogists. The imaging protocols of gradient-echo imaging 
(GRASS, FLASH ,  FISP, MPGR) allow for greater contrast 
between anatomic stnlctures while decreasing scan 
tinle. Such grad ient-echo tecl.l11iques are the p rocedures 
of choice in patients with suspected cervical radicu

lopathy (Kricun et aI . ,  1 990), giving information of 
greater or equal value to that obtained from myelogra
phy or CT myelography (Hedberg, Dayer, & Flom, 
1 988). 

Two of the primary properties of M R  images are re
lated to the various responses of different tissues to the 
radiofrequency applied during the MRI evaluation. 
These two characteristics are known as T1 and T2 . 
Various M RI protocols can highlight either of these char
acteristics and thereby selectively enhance different tis
sues. T1-weighted images are particularly useful in the 
evaluation of the spinal cord and the bone marrow of 
vertebrae (Kricun et aI . , 1 990; Woodruff, 1988). The 
discs , osteophytes, and ligaments are also well demon
strated on these images (Woodmff, 1 988). Generally 
speaking, Tl -weighted images are more valuable than 
T2-weightecl images in the evaluation of most spinal 
disorders (Moffit  e t  a I . ,  1 988). 

As a result of the increased acquisition time of the sec
ond echo, the resolution of T2-weighted images is not as 
good as that of T1 -weighted images; however, these im
ages are the most sensitive at showing decreased signal 
intensity resulting from desiccation of the disc 
(Woodruff, 1 988). Because cerebrospinal fluid has a very 
high signal on T2-weighted images, they also are valu
able in evaluating the amount of narrowing of the sub
arachnoid space in cases of spinal stenosis. 

The contrast medium of gadolinium (Gd-DTPA) is be

ing usecl in conj u nction with MRl and has been found to 
be safe and effective in increaSing the contrast of certain 
pathologic conditions. Differentiation of scar formation 
(epidural fibrosis) from disc hern iation in failed back 
surgery syndrome (recurrent postoperative sciatica) is 
improved with the use of Gd-DTPA (Hueftle et a I . ,  1 988). 
Gd-DTPA may also be useful in depicting disc hernia-

tions surrounded by scar tissue and free d isc fragments. 
Gd-DTPA is  also useful in the evaluation of patients with 
intradural tumors, but it  is less useful in evaluating tu
mors external to the dura mater. 

Ongoing research in M Rl technol ogy (Woodruff, 
1 988) includes developments in the hardware of the 

MRI unit, such as coil configurations. These changes al
low large areas of the spine to be viewed at once, which 
is particularly useful in the evaluation of metastatic dis
ease and syringomyelia. Other advances include three-di
mensional reconstruction of spinal images with a video 

display that will allow images to be rotated 3600 for 
viewing. Work is a lso being done with morphometry of 
the spine by means of M RI (Byrd et a I . ,  1 990; Cramer e t  
a I . ,  1 992b). Morphometry means the measurement o f  a n  
organism o r  its parts . The digital images available from 
MRl (and Cn scans may be used to accurately quan tify 
certain anatomic structures of the spine. This is the first 
time many such measurements will be able to be made 
in the living. Such measurements may allow for an in

creased ability to study the structures influenced by a va
riety of therapeutic procedures. 

computed Tomography 

Conventional computed tomography (Cn remains very 
effective in the evaluation of many conditions. It is es
pecially valuable when accurate depiction of osseous tis
sues is importa nt. Pathologic conditions incl uding spinal 
stenosis, tumors of bone, congenital anomalies, degen
erative changes, trauma, spondylolysi�, and spondylolis
thesis can all be accurately evaluated by CT (\V'ang, 
Wesolowski, & Farah, 1 988). Images reformatted to the 
sagittal and/or coronal plane may help with the evalua
tion of complicated bone anatomy. Arachnoiditis ossifi
cans, a rare ossification of the arachnoid mater as a con
sequence of trauma, hemorrhage, previous myelogram, 
or spinal anesthesia, can be better visualized on CT than 
MRl (Wang et a I . ,  1 988). Criteria for the d iagnosis of in
traspinal hemangiomas by means of CT have also been 
established (Salamon & Freilich, 1 988). AJ.though lumbar 
disc d isease can be adequately evaluated by means of 
CT, " beam hardening" artifacts lead to inadequate evalu
ation of disc disease in the thoracic and, to a lesser ex
tent, the lower cervical canal (\V'oodnlff, 1 988). 

CT is especially valuable in the evaluation of lumbar 
spinal stenosis. Artifacts sometimes make the evaluation 
of cervical and thoraCic spinal stenosis difficult (Wang 
et a I . ,  1 988). The evaluation of facet joint disease 
and calcification of the ligamentum flavllm is currently 

more efficient with CT than with M RI (Wang et a I . ,  

1 988). 
CT is also quite effective in the evaluation of osseous 

changes subsequent to spinal trauma. CT is particularly 
good at identifying the presence of bony fragments in 
the spinal canal fol lowing posterior arch fracture (Wang 



et a t . ,  1 988). Therefore CT is considered to be the imag

ing method of choice in the evaluation of spine trauma, 

but i t  should be reserved for use in those patients with 

neurologic deficits and those whose plain radiographs 

are suggestive of, or demonstrate, spina l abnormality 

(Foster, 1 988). 
Intrathecal contrast-enhanced CT (CT myelography) 

results in a more complete depiction of the spinal canal, 

the IVD relative to the spinal canal, and the perimeter of 

the spinal cord (Woodruff, 1 988). Contrast-enhanced CT 
and MRI are compara ble in their a bil ities to demonstrate 

spinal stenosis (Schnebel et a I . ,  1 989) . CT and MRI have 

a com plementary role in the evaluation of such disorders 

as canal stenosis, congenital disorders, facet disorders, 

and acute spina l injl1lY (Tracy, Wright, & Hanigan, 1 989; 
Wang et aI. , 1 988). Extraforaminal (far lateral and ante

rior) disc herniations can also be readily identified on 

both CT and MRI if scans include L2 through S 1 ,  and if 

the IVF and paravertebral spaces are closely exam ined 

(Osborn et aI. , 1 988). 

Other Imaging Modalities 

Myelo);r. ph} . Myelography is the injection of ra

diopaque dye into the subarachnoid space of the lumbar 

cistern followed by spinal x-ray examinations. 

Myelography for the evaluation of lumbar disc hernia

tion is rapidly being replaced by CT and MRI .  However, 

it may be useful when the level of the lesion is clinically 

unclear or when the entire lumbar region and thora

columbar junction are to be examined (Fagerlund & 

Thelander, 1 989). 

Dbc()gra ph� . Discography is the injection of ra

d iopaque dye into the IVD. This technique i s  useful as an 

adjunct in the evaluation of symptomatic d isorders of 

the disc. Discography i n  conjunction with CT 

(CT/discography) allows for delineation and classifica

tion of anular disc disruption not possible with plain 

discography (discography used in conju nction with con

ventional radiographs) and, in some cases, iden tifies 

such dismption when not seen on T2-weighted MR im

ages. Discography may be particularly useful in evaluat

ing patients with suspected disc disorders (McFadden, 

1 988) when the patient's pain is at a significant level of 

intensity (stress discography) . 

\ngjograph} . Spinal angiography is the imaging of 

the vasculature after the injection of a radiopaque con

trast medium. This technique is used to evaluate the ar

terial supply of spinal tumors (e.g . ,  aneurysmal bone 

cyst) to assist the surgeon in operative planning (Wang 

et at . ,  1 988). 

l hra!'o()no�raph} . Ultrasonography (sonography) is 

cu rrently being used in the evaluation of posterior arch 

defects in spina bifida (dysraphism), in the intraopera-

GENERAL CHARACTERISTICS OF THE S P I NE 49 

tive and postoperative eva luation of the spinal cord , and 

in the evaluation of the fetal and neonate spine (Wang e t  

aI. , 1 988). 

Three·Dimensional Co mpu tet.! Tomography. 
Three-dimensional CT uses the digital data obtained 

from conventional CT and reprocesses the information 

to create a three-dimensional display that can be rotated 

3600 on a video console. Although clinical util ity is cur

rently lin1ited, this technique may be useful as an adjunct 

to conventional CT in the evaluation of complex spina l 

fractures, spondylolisthesis, postoperative fuSion, and in 

some cases of spinal stenosis (Pate, Resnick, & Andre, 

1 986). 

Rad ionuc!ide Imagi ng. Single photon emission CT 

(SPECT) uses tomographiC slices obtained with a gamma 

camera to evaluate radionuclide uptake. This modality 

has been shown to be a useful adjunct to planar bone 

scintigraphy (bone scans) in the id entification and local· 

ization of spinal lesions, especiaUy those responsible for 

low back pain (Kricun et aI . , 1 990) . SPEeT is also velY ef

fective in the evaluation of spondylolysis. 

Digital Imaging. Digital imaging uses a conventional 

x-ray film source and a very efficient detector to digitize 

and immediately obtain images. This technique is cur

rently being used in the follow-up evaluation of scoliosis 

because of its relatively small radiation dose. However, 

because of the lack of adequate spatial resolution, 

conventional radiographs should be used at the initial 

evaluation of scoliosis with osseous etiologic compo

nents (e.g. , congenital anomaly) (Kricun et aI. , 1 990; 
Kushner & Cleveland, 1 988) . 
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CHAPTER 3 

General Anatomy of the 
Spinal Cord 
Susan A. Darby 

Overview of Spinal Cord Organization 
External Morphology 

Meninges 
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Gray Matter 
White Matter 

Regional Characteristics 

Arterial Dlood Supply of the Spinal Cord 

Spinal Arteries 

Anterior Radicular Arteries 

Posterior Radicular Arteries 

Arterial Supply of the Internal Cord 

Venous Drainage of the Spinal Cord 

The purpose of this chapter is to describe in detail the 

gross anatomy of the external spinal cord, its coverings, 

and its vasculature. To help the reader acquire a general 

appreciation of the spinal cord as a complete entity, this 

chapter also provides a cursory description of the organ

ization and physiology of the spinal cord's internal as

pect. Subsequent chapters expand on the generalities 

presented here. The spinal cord's intimate relationship 

to the vertebral column makes the spinal cord anatomy 

extremely important to those who treat disorders of the 

spine. 

OVERVIEW OF SPINAL CORD 
ORGANIZATION 
The spinal cord, which is located in the vertebral 

(spinal) canal, is a cylindric-shaped stmcture with a ta

pered inferior encl. The cord is well protected by the ver

tebrae and the ligaments associated with the vertebrae. 

In addition to these bones and ligaments, cerebrospinal 

tluid (CSF) ami a group of membranes, collectively re

ferred to as the meninges, also provide protection. It is 
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important to realize that the cord does not lie immedi

ately adjacent to the bone and ligaments but that fluid, 

meninges, fat, and a venous plexus separate the bone 

from the spinal cord (Fig. 3-1). 

At the level of the skull's foramen magnum, the spinal 

cord becomes continllolls with the medulla oblongata of 

the brain stem (Fig. 3-2). Although in cross section it is 

inlpossible to delineate the exact beginning of the cord 

and the end of the brain stem at that particular level, the 

beginning of the cord is easily distinguished by the de

finitive presence of the skull and ve1tebrae. As men

tioned in Chapter 12, a period eluring development oc

curs when the spinal cord extends the length of the ver

tebral column. However, while the vertebral column 

continues to develop in length, the spinal cord lags be

hind so that it occupies the upper two thirds of the ver

tebral (spinal) canaL At birth the cord ends at approxi

mately the level of the L3 vertebra. In adults, because of 

continued greater growth of the vertebral column, the 

spinal cord ends at the level of the elise between the L1 

and L2 vertebrae. In some individuals, however, the 

spinal corel may end as high as the T12 vertebra or as 

low as the L3 vertebra. At the level of the caudal part of 

the T12 vertebral body, the corel tapers down to a cone, 

which is known as the conus medullaris (Fig. 3-3, B) 
The overall length of the spinal cord is approximately 

42 cm in an average-sized female and 45. cm in an 

averaged-sized male. The spinal cord's weight is approx

imately 30 to 35 g. It is important to remember that in 

most individuals the spinal cord does not extend inferior 

to the L2 vertebra. Therefore a lesion such as a herniated 

disc or trauma occurring below the L2 vertebra does not 

directly affect the spinal cord. 

Before discussing the external surface of the spinal 

cord in detail, it is pertinent to describe the cord's 

general function. The spinal cord and brain develop 

from the same embryologic structure, the neural tube, 
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Fl( •. 3-1 Magnetic resonance images (MRls) showing the spinal cord within the vertebral 

canal. A, Horizontal section through the cervical corel. Cunlirl/lecl. 

and together they form the central nervous system 
(eNS). The obvious difference is that one end of the 
neural tube becomes encased in the skull,  while the 
remainder of the neural tube becomes encased in the 
vertebral column. Size alone indicates that the higher 
centers making up the brain process information more 
thoroughly and complexly than the processing that 
occms in the spinal cord. For the eNS to respond to the 
environment, i t  requires input from structures periph
eral to the eNS and , in turn, a means to send output to 
structures called effectors. The sensory input begins in 
peripheral receptors found throughout the entire body 

in skin, muscles, tendons, joints, and viscera. These re
ceptors send electrical currents (action potentials) to
ward the spinal cord of the eNS via the nerves that make 
up the peripheral nervous system (PNS). The sensory 
receptors respond to general sensory information such 
as pain, temperature, touch, or proprioception (aware
ness of body position and movement). The PNS also 
is used when the eNS sends output to the body's effec
tors, for example, smooth muscle, cardiac muscle, skele
ta l muscle, and glands. Thus the PNS is a means by 

which the eNS commu nicates with its surrounding 
environment. 

By now it is apparent that the PNS consists of the 
body's nerves. Twelve pairs of these nerves are associ
ated with the brain (10 of which are attached to the 
brain stem) and innervate structures primarily in the 
head. These nerves, called cranial nerves, also convey 
special sense information such as hearing, vision, ancl 
taste. I n  the context of this chapter, another group of pe
ripheral nerves is more pertinent. These 31 pairs of 
nerves attach to the spinal cord; communicate with 
structures primarily located in the neck, trunk, and ex
tremities; and are calleel the spinal nerves. In general, 
once input reaches the spinal corel via the spinal nerves, 
a reflex arc may be formed, and output is sent

" 
immedi

ately back to the peripheral effectors. The spinal cord 
may also send the input to higher brain centers for fur· 
ther p rocessing. The higher centers may then send in
formation down to the spinal cord, which in turn relays 
it out to the periphery, again via spinal nerves (Fig. 3-4). 

One spinal nerve is formed by the merger of two roots 
within the intervertebral foramen (TVF). One root, caUed 
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the dorsal root, conveys the sensory information. The 
cell bodies of these sensory fibers are located in the dor
sal root ganglion. The ceU bodies are not found in the 
spinal cord because they developed from neural crest 
(see Chapter 1 2). Each sensol), neuron of the PNS is 
pseuciounipolar because two processes diverge from 
one common stem (Fig. 3-4). One of the processes is 
called the peripheral process and is attached to a pe
ripheral receptor. The other process is the central 
process , which is in the dorsal root and enters the spinal 
cord (CNS). The dorsal root contains fibers of various d i
ameters and conduction velocities that convey all types 
of sensory information. Cutaneous fibers of the dorsal 
root convey sensory information from a specific strip of 
skin called a dermatome. As the dorsal root approaches 
the spinal cord within the individual vertebral foramen,  
it divides into approximately six to eight dorsal rootlets, 
or filaments. These rootlets attach in a vertical row to 
the cord's dorsolateral sulcus .  The other root, which 
helps form a spinal nerve, is called the ventral root and 
conveys motor information to the body's effectors , that 

is, all muscle tissue and glands . The cell bodies of these 
axons are located in the spinal cord . The axons emerge 
from the cord's ventrolatera l sulcus as ventral rootlets 
and unite to form one ventral root. Within the IVF the 
dorsal and ventral roots form the spinal nerve, which 
subsequently divides into its two major componen ts: the 
dorsal and ventral rami (also known as the posterior 
primary division and anterior primary division, respec
tively). 

From this deSCription, it can be seen that nerves 
formed distal to the formation of the spinal nerve (distal 
to the IVF and including the rami) are mixed because 
they contain fibers conveying sensory input and fibers 
conveying motor output. However, proximal to the IVF , 

sensOlY and motor information is segregated in the form 
of separate dorsal and ventral roots. This segregation of 
dorsal and ventral root fibers and therefore root function 
was d iscussed and demonstrated by Bell and Magendie 
in the early 1800s and later was referred to as the law of 
separation of function of spinal roots (law of Bell and 
Magendie) (Coggeshall, 1980). 

EXTERNAL MORPHOLOGY 

The external surface of the spinal cord is not a smooth 
surface but instead shows grooves of variolls depths 
called sulc i  and fissures. (When discussing cord 
anatomy, it is important to understand that the terms 
dorsal and ventral can be used interchangeably with 
posterior and anterior, respectively.) The spinal cord's 
dorsal surface includes a midline dorsal med ian sulclls, 
right and left dorsal intermediate sulci (located from the 
midthoracic cord region superiorly), and right and left 
dorsola teral sulci. The cord's ventral surface includes a 
midlil1e ventral median fissure (approximately 3 mm 
deep) and right and left ventrolateral sulci. When in
specting the cord's external sur face, the dorsal and ven
tral rootlets are readily apparent, and the outward at
tachment of the paired dorsal rootlets and paired ventral 
rootlets to the cord defines one spinal cord segment 
(Fig. 3-5).  

One pair of spinal nerves is therefore associated with 
one cord segment, and since 3 1  pairs of spinal nerves ex
is t, there are also 3 1  spinal cord segmen ts. These cord 
segments are numbered Similar to numbering the spinal 
nerves: 8 celvical, 1 2  thoracic, 5 lumbar, 5 sacral, and 1 
coccygeal cord segment. (Note that the Jirst seven cervi
cal nerves exit the IVF above their corresponding verte
bra, and the remaining nelves exit below their corre
sponding vertebra. This allows for one more cervical 
spinal nerve than cervical vertebrae .) Therefore the coc
cygeal segmelt is found at the velY tip of the conus 
medullaris, which, as mentioned previously, is usually at 
the level of the 1 1 -L2 d isc. This means that cord seg
ments are not necessarily locatecl at the same level as 
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FIG. 3·2 Sagittal MR image of the brain stem and cervical spinal cord. 

their corresponding vertebrae (Fig. 3-6). Since cord 
length may vary among individuals, the relationship be
tween cord segments and vertebral levels is always an 
approximation . 

Cervical cord segments and cervical vertebrae gen
era l ly correspond c losely to one another, but the 
remaining segments do not. The segment's length 
changes such that the Ll through coccygeal cord seg
ments are housed by vertebrae T9 through L l .  This 
anatomic relationship of cord segment to vertebra is 
important to remember for clinical reasons .  For exam
ple, a patient with a fractured L l  vertebra does not ex
perience the same lower extremity signs and symptOms 
as a patient with a fractured TIO vertebra, since a T IO 
fracture injures upper lumbar segments and an Ll frac
ture injures the lower sacral and coccygeal segments. 
Although the spinal cord ends at the Ll-L2 disc, each 
root that corresponds to a corel segment forms a spinal 
nerve and exits at its corresponding IVF. This includes 

ttle IVFs below the L2 vertebra. Therefore the 
roots/rootlets of the more inferior cord segments need 
to be longer and descend to their respective IVFs at a 

more oblique angle than the roots/rootlets of cervical 
segments, which are shorter and almost at right angles to 
the spinal cord . The lumbosacral . roots therefore become 
the longest and most oblique. The col lection of these 
elongated lumbosacral roots making their way inferiorly 
to their corresponding IVF is called the cauda equina 
(Fig. 3-6; see also Fig. 3-8, B) because of its resemblance 
to a horse's tail. 

In addition to the sulci and fissures, another anatom
ic characteristic seen on gross inspection of the spinal 
cord is the presence of two enJarged areas. One area is 
the cervical enlargement seen in corel segments C4 to 
Tl. These cord segments are responsible for the input 
from and output to the upper extremities. The other 
cord enlargement is the lumbar enlargement, which is 
visible from segments L l  to S3 . These segments are re
sponsible for the input from .'Id output to the lower ex
tremities. Since many more structures must be inner
vated in the extremities than in the tll.lI1k, it is necessary 

to have more neuron cell bodies in the corel, and thus 
these two regions are enlarged (Fig. 3-7; see also Figs. 3-
3 ,  A, and 3-5). 
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MENINGES 

Surrounding and providi ng protection and support to 
the spinal cord is a group of three membranes that are 
collectively ca l led the meninges. The meninges sur
rounding the spinal cord are a continuation of the 
meninges surrounding the brain and consist of the 
dura mater, arachnoid mater, and pia mater (Figs. 3-8 
and 3-9). 

The dura mater, or pachymeninx, of the cord is the 
outermost membrane and i s  very tough. It  is a continua
tion of the inner or meningeal layer of dura mater sur
rou nding the brain and attaches to the edge of the fora
men magnum, to the posterior aspect of the C2-3 verte
bral bodies, and to the posterior longitudinal ligaments 
(Will iams et aI . , 1 989) by sl ips of tissue called Hofmann's 
ligaments (Spencer, Invin, & Miller, 1983). The recur
rent meningeal nerve (or sinuvertebral nerve of Von 
Luschka), which is formed outside the IVF and reenters 
the vertebral canal , provides a sign.ificant innervation to 
the anterior aspect of the spinal dura mater. Although a 
few nerves sparsely innervate the posterolateral dura 
mater, the posteromedial reg.ion appears to have no in
nervation, which may explain why a patient feels no 
pain when the dura mater is pierced dur ing a lumbar 
puncture (Groen, Baljet, & Dmkker, 1 988). The spinal 
dura mater is separated from the vertebrae by the 
epidural space, which contains epidural fat ,  loose con
nective tissue, and an extensive epidural venous plexus 
(see Chapter 2). 

Under the dur a  mater is a potential space called the 
subdural space. However, Haines (1991) has docu
mented that in the cranium, this space is either a rtifac
tual  or the result of some pathologic condition (e.g., 
subdura l  hematoma), and that underneath the cranial 
meningeal dura is a layer of dural border cells. The sig
nificance of the presence of dural border cells in the 
spinal meninges is unclear. 

The middle layer of the meninges is the arachnoid 
mater. This is a nonvascular, thin, delicate, and loosely 
arranged membrane (Fig. 3-8 , A). Both the dura and the 
arachnoid extend to the level of the S2 vertebra , well be
low the end of the spinal cord (conus meclullaris). Also, 
both the dura and the arachnoid invest the roots, similar 
to a coat sleeve, as the roots travel d istally toward the 
IVF, where they form their spinal nerve (Fig. 3-9). At that 
point the dura blends in with the epineurial connective 
tissue surrounding the newly formed spinal nerve. The 
arachnoid also merges with the connective tissue ele
ments of the mixed spinal nerve, possibly the peri
neurium (Hewitt, 1970). 

Under the arachnoid is the subarachnoid space (Fig. 3-
9) . This space is tilled with CSF. Thus the cord, as with 
the brain, is supported and protected by floating in a 
tluid medium. The CSF is secreteu by the choroid 
plexus, which is located in the ventricles within the 
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FIG. 3-3 Dorsal view of the spinal cord within the vertebral 

canal. The dura mater has been reflectecl laterally with pins. 

A, Spinal cord in its entirety. 

brain .  The choroid plexus, through various cellular 
transport mechanisms, ensures the chemical stabil ity of 
CSF components. This in turn provides a constant, stable 
environment for the CNS. 

The CSF flows in one direction within the ventricles 
located in the brain. At a level just rostral to the foramen 
magnum, most CSF leaves the most caudal (fourth) 
ventricle and enters the subarachnoid space surround
ing the brain and the spinal cord. In addition, a very 
small amount of CSF remains within the cord ' s  central 
canal. The subarachnoid space also contains large ar
teries that vascularize the cord . The pulsation of these 
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arteries, the pressure of the CSF, and spinal movements 
cause the CSF surrounding the cord to flow superiorly 
and into the subarachnoid space surrounding the brain .  
Because of a pressure gradient, the CSF flows from the 
subaracllnoid space t hrough arachnoid granulations and 
into the venous sinuses of the cran ial dura mater. 
However, at the level of the cord, some CSF is absorbed 
into the local venous system (\Xlil l iams et aI., 1989) . 
Since the CSF ultimately flows into the systemic circula
tion, this one-way circulation becomes a means of re
moving metabolites from the CNS . At various locations 
throughout the CNS, the subarachnoid space may be
come en larged. The en largements are called cisterns, 
and the subarachnoid space below the conus medullaris 
is such an enlargement , called the lumbar cistern (Fig, 3-
8, 8). At this level the lumbar cistern contains not only 
(SF, but also the cauda equ ina and fi.lum terminale (see 
the following discussion). 

The innermost membrane of the meninges is calJed 
the pia mater . This is a thin layer of connective t issue 
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FIG . •  �-3, coot'a H, 
Lumbosacral region of 
the spinal cord. 

that is subdivided into two parts: pia-glia , or pia intima, 
and epi-pia . The deeper pia-glia portion is avascular and 
intimately ad heres to the cord, rootlets, and roots. The 
epi-pia includes blood vessels and forms a fold located in 
the ventral median fissure, Both layers surround the cord 
and follow the roots into the IVF. 

Phylogenetically and embryologically (Williams et aI . ,  
1989), the pia and arachnoid of the CNS are closely re
lated and called the leptomeninges. As they pull  apart, 
tiny strands called trabeculae remain and can still be 
identified in the subarachnoid space. In the vertebral 
subarachnoid space the trabeculae become concen
trated and form septa. 

Unlike the pia surrolUlding the brain, the pia mater of 
the cord has two specializations that anchor the cord in 
place. One of these is  a bluish white structure called the 
fi.lum terminale. This slender filament of pia mater ex
tends approximately 20 cm from the tip of the conus 
medullaris within the lumbar cistern (filum terminale in
ternum) to the dorsum of the coccyx, where it blends 
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into the connective tissue (Fig. 3-8 , B). Since it reaches 
the dura and arachnoid at the S2 level on i ts way to the 
dorsum of the coccyx, the filum terrninale picks up two 
additional layers (dura and arachnoid), and thus, from S2  
to  the coccyx, i t  i s  usually referred to  as  the coccygeal 
ligament (filum terminale externum). 

The other special component of pia mater is the den
ticulate ligament. This is a serrated ribbon of epi-p ia 
(Carpenter, 1991) that attaches to the dura mater at ap
proximately 22 points on each side along the cord's 
length. Because of its location, the denticulate ligament 
forms a shelf within the vertebral canal between the dor
sal ancl ventral roots (Figs. 3-8, C, and 3-9). 

Since the spinal cord is usualJy not present below 
the L2 vertebra, and since the area between lumbar 
spinous processes is easily penetrated, a lumbar punc· 
ture (spinal tap) may be performed in this area. A 
long needle is inserted in the midline between the L3-4 
or L4-5 vertebrae into the lumbar cistern, and 5 to 15 ml 
of CSF is removed . Because the cauda equina is floating 

in the CSF, the roots are usually avoided by the needle. 
A lumbar puncture is not routinely done, but when in
dicated, it is an important neurodiagnostic test. 

The total volume of CSF ranges from 80 to 150 ml, 
and CSF is produced sufficiently to replace i tself four 
to five times daily. CSF pressure ranges from 80 to 180 
mm (water) and is measured on a patient lying in a 
curled, lateral recumbent position. CSF is normally 
clear, colorless, and slightly alkaline. It contains approx
imately six white blood cells (WBCs), usualJy lympho
cytes , per milliliter and no red blood cells (RBCs). As 
with plasma, it includes sodium ,  potassium, magnesium, 
and chloride ions. It also contains glucose and protein, 
but the concentrations are substantially less than in 
plasma. 

Knowing these CSF characteristics, including volume, 
becomes important because they may be altered as a re
sult of a pathologic state . For example, the Monro-KeiLie 
doctrine states that brain tissue, blood, and CSF volumes 
are constant, and that if one of these volumes increases, 



FIG. 3-5 Dorsal view of the spinal cord. The cord segments 

are delineateel by the attachment of rootlets to the spinal corel. 

the other volumes must compensate because the bony 
confines do not. If no compensatory readjustment oc
curs, intracranial pressure (ICP) increases. An interfer
ence in CSF circulation in the cranium by a space-occu
pying lesion such as a tumor or hematoma can increase 
CSF pressure. If an increase in ICP is suspected, a spinal 
tap is contraindicated. Removal of CSF in such cases 
could produce a vaClilUTI and cause herniation of the 
cerebellum into the foramen magnum, with serious con
sequences, including death. Increased CSF pressure can 
also cause swelling of the optic disc (papilledema) of the 
retina. Since the retina can easily be observed by an oph
thalmoscope, papilledema could contraindicate the per
formance of a lumbar puncture. 

In addition to pressure changes, the appearance, cell 
content, levels of gamma globulinS (antibodies), and pro-

GENERAl ANATOMY OF THE SPINAL CORD 59 
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tein and glucose concentrations in CSF may be altered in 
patients with some pathol.)gic conditions. For example, 
in bacterial meningitis (inflammation of the leptomenin
ges) the CSF is cloudy, pressure is increased, WBC count 
is elevated, protein concentration is increased, and glu· 
cose concentration is decreased (Daube et aI., 1986). 
The CSF in a patient with a subarachnoid hemorrhage 
appears cloudy, and RBCs are present. Therefore the al
terations of certain characteristics of the CSF become 
useful in diagnosing certain pathologic conditions. 

In addition to removing CSF for analysis, agents can 
be injected into the region for diagnostic imaging and 
anesthetiC purposes. In pneumoencephalography, some 
CSF is replaced with air via the lumbar cistern. The air 
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travels superiorly and fills the ventricles. This allows 
the outline of the ventricles and the subarachnoid space 
to be seen on an x-ray film. In myelography, a ra
diopaque iodinated contrast medium is injected to out
line the spinal cord and roots. Anesthetics may oc
casionally be injected into the subarachnoid space 
(spinal anesthesia) for abdominal or pelvic surgery. 
However, the anesthetic must be contained in that 
region. If it is not contained, it may travel superiorly 
and anesthetize the neurons of the phrenic nerve to 
the diaphragm (Moore, 1 980) Most often, anesthetics 
are care[-ully injected into the epidural space to re
lieve the pain of c hildbirth while not anesthetizing the 
uterus. 

INTERNAL ORGANIZATION OF 1HE SPINAL 
CORD 

Having discussed the external morphology of the spinal 
cord and its coverings, the cord's internal morphology is 
now described to provide the reader with an under
standing of spinal cord anatomy in its entirety. Chapter 
9 provides a detailed description of the internal aspect of 
the spinal cord and its functions. 

The overall internal organization of the spinal cord is 
readily seen in a transverse or horizontal cross section. 
This shows the spinal cord as being clearly divided into 
a butterfly-shaped or H-shaped central area of gray mat
ter and a peripheral area of white myelinated axons. 

Gray Matter 
Each half of the H-shaped gray matter consists of a dorsal 
horn, a ventral hom, and an intermediate area between 
the horns (Fig. 3-10). In thoracic segments the interme
diate zone includes a lateral horn. The crossbar of the H
shaped gray matter uniting the two laterally placed 
halves is composed of the dorsal and ventral commis
sll1'es. These commissures surround the cord's central 
canal. This canal is the remnant of the lumen of the 
embryologic neural tube. It is lined by ependymal cells, 
and although it is continuous with the CSF-filled ventri
cles of the brain, the central canal is often filled in with 
cellular elements and debris, especially in the areas cau
dal to cervical and upper thoracic segments (Carpenter, 
1991; deGroot & Chusid, 1 988; Willjams et aI., 1989). 

The cord's dense gray area consists of neurons, pri
marily cell bodies; neuroglia; and capilla\ies. Micro
scopically, this region appears to be a tangle of neuron 
processes and their synapses and neuroglial processes, 
all of which form the neuropil. This network forms the 
cord's amazingly complex circuitry. The neurons of the 
gray matter consist of four general types: motor, tract, 
interneuron, and propriospinal. The larger motor anel 
tract neurons which have long axons, are sometimes re
ferred to as Golgi type I cells. Interneurons and pro
priospinal neurons, which have shorter axons, may be 
referred to as GOlgi type II cells (Carpenter, 1 991 ;  
Williams et aI., 1 989). 

Axons of motor neuron cell bodies leave the spinal 
cord, enter the ventral root, and ultimately innervate the 
�ody's effector tissues, that is, skeletal muscle, smooth 
muscle, cardiac muscle, and glands. Skeletal muscle is in
nervated by alpha and gamma motor neurons. Smooth 
muscle, cardiac muscle, and glands are innervated by 
autonomic motor fibers. Motor neuron cell bodies are 
located in either the ventral horn or the intermediate 
gray area and receive input from higher centers, incom
ing sens01)' afferent fibers, propriospinal neurons, and 
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FIG. 3-8 Dorsa l view of the spinal cord showing the meninges . A, Cervical and thoracic re-

gions. B, Lumbar cistern and its contents. 

interneurons. It is believed that each of the large alpha 

motor neurons that innervate skeletal muscle may have 

20,000 to 50,000 synapses on its surface (Barr & 

Kiernan, 1993; Davidoff & Hackman, 1991). 
A.,,,ons of tract neurons in the gray matter emerge from 

the gray matter and ascend in the white matter to higher 

centers. These axons help to form the ascending tracts 
of the cord 's white matter. The cell bodies of these neu

rons are located in the dorsal horn and in the intermedi
ate gray area. 

The third type of neuron is the interneuron .  Inter
neurons make up the vast majority of the neuronal pop-

Continu.ed. 

ulation in al l  parts of the gray matter. They conduct the 
important "business" of the eNS by forming complex 

connections. Although various types of interneurons ex

ist, their processes are all relatively short, usually staying 
within the limits of one cord segment. The intemeurons 

receive input from each other, from incoming sensolY 

afferents, from propriospinal neurons, and from de

scending fibers from higher centers. In turn, some in
terneurons disseminate this input to the motor neurons. 
For example, some interneurons play a crucial role in 

motor control by their actions in motor reflexes involv

ing peripheral proprioceptive input from neuromuscular 

B 
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FIG. 3-8, cont'd C, Cervical cord segments, 

spindles and Golgi tendon organs (see Chapter 9), 
Another type of "motor" interneuron called a Renshaw 
cell provides a negative feedback mechanism to adjacent 
motor neurons, This intricate circuitry may be necessary 
for synchronizing events such as the force, rate, timing, 
and coordination of contraction of muscle antagonists, 
synergists, and agonists that must occur in the complex 
motor activities performed by humans, In addition, 
other intemeurons located in the dorsal horn are in
volved in the circllitry that modifies and edits pain input 
conveyed into the dorsal hom by afferent fibers (see 
Chapter 9), 

The fourth type of neuron located in the gray matter 
is the propriospinal neuron, This neuron's axon leaves 
the gray matter, enters the white matter immediately ad
jacent to the gray, and ascends or descends to synapse 
on neurons in the gray matter of other cord segments, 

Dorsolateral 
sulcus 

Denticulate 
ligament 

Dorsal 
rootlets 

Some propriospinal neurons are short, whereas others 
are long enough to travel the cord's entire length, These 
neurons allow communication to occur among cord seg
ments, 

As mentioned, in cross section the gray matter re
sembles a butterfly-shaped or H-shaped area, Each half 
is subdivided into a dorsal horn, an intermediate area 
that in certain segments includes a lateral hom, and 
a ventral hom (Fig, 3-10), The dorsal hom functions 
as a receiving area for both descending information 
from higher centers and sensory afferents from the 
dorsal roots, The cell bodies of the sensory afferents 
are located in the dorsal root ganglia, The sensory at
ferents bring information from receptors in the skin 
(exteroceptors); muscles, tendons, and joints (proprio
ceptors); and the viscera (interoceptors), These afferent 
fibers synapse on intemeurons, propriospinal neurons, 
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FIG. 3-9 Cross section of tbe spinal cord showing tbe meninges and dural root sleeves. 

tract neurons, or motor neurons, depending on 
the type of information carried and the resulting ac
tion needed. 

The intermediate region, which is actuaUy the central 
core of each halI of the gray matter, receives proprio
ceptive input from sensory afferents and descending in
put from higher centers, thus becoming an area where 
interaction of sensory and descending input can occur. 
The intermediate area also includes the cell bodies of 
neurons innervating smooth muscle, cardiac muscle, and 
glands. These cell bodies are located in cord segments 
Tl to L2-3 and make up the lateral horn. 

The ventral horn of the gray matter includes interneu
rons, propriospinal neurons, terminal endings of de
scending tracts, and the axons of proprioceptors that are 
involved with monosynaptic stretch reflexes. More im
portantly, the cell bodies of motor neurons from which 
axons leave via the ventral roots to skeletal muscle (i.e., 
alpha and gamma motor neurons) are located here. In 
fact, these neurons are often called anterior horn ceUs. 

As is the case throughout the nervous system, neurons 
communicate and form Circuits with each other within 
the gray matter of the spinal cord by means of chemical 
substances. These chemical substances, which include 
neurotransmitters, are released at the synapse (i.e., the 
junction between two neurons). They are released from 
the terminal of one presynaptic neuron, cross the synap-

tic cleft, and bind to receptors on the postsynaptic neu
ron. By using techniques such as autoradiography and 
immunohistochemistl)', chemical neuroanatomy is pro
viding much new information concerning the neural cir
cuitry of the spinal cord. Through labeling techniques, 
neurotransmitters have been localized in cell bodies in 
the gray matter and in axon terminals of neurons, in
cluding descending fibers and primary afferent fibers. 
Examples of neurotransmitters that have been found in 
the dorsal horn are enkephalins, somatostatin, substance 
P, cholecystokinin, dynorphin, gamma-aminobutyric 
acid (GABA) , glycine, glutamate, and calcitonin gene
related peptide (CGRP). The intermediate gray matter 
and ventral horn include neurotransmitters such as 
cholecystokinin, enkephalins, serotonin, vasoactive in
testinal polypeptide (VIP), glycine, and CGRP. These 
chemicals bind to specific receptors, some of which 
have also been located through labeling techniques. 
Examples of receptors located in various regions of the 
gray matter include opiate receptors, muscarinic choUn
ergic receptors, and receptors for GABA, CGRP, and 
thyrotropin-releasing hormone (Schoenen, 199 1 ;  Willis 
& Coggeshall, 1991) . 

The previous information has provided a cursol), 
description of the three major regions of the spinal 
cord gray matter. In addition to the types of neurons 
composing gray matter, each half is also described 
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Righi, Lamination of the gray matter. Motor and tract neurons and interneurons a l so are shown. 

microscopically by its longitudinal laminar cytoarchitec

tural pa ttern. These longitudinal laminae contain nuclei. 

By definition, a nucleus is an aggregation of neuron cell 
bod ies fou nd within the CNS. The neurons of each nu-
cleus are similar morphologically, ancl the axons have a 

common termination and [-unction. Each nucleus may 

consist of interneuron, tract neuron, or motor neuron 
cell bodies. Numerous nuclei have been identified in the 

gray matter. Some are loca ted in all  cord segments, 
whereas others are l imited to specific cord segments. 

The laminar cytoarchitectural organization consists of 

1 0  layers and was proposed by Rexed ( 1952) based on 
his stuuies of feline gray matter. This has since been ac

cepted as standard in humans as well. Rexed ' s  gray mat

ter l aminae proceed sequentially from dot'sal to ventral 
(Fig. 3-10). Lamina I is the tip of the dot'sal horn, and lam

ina IX is in the ventral horn. Lamina X corresponds to 

the d orsal and ventral gray commissures surrounding the 

central canal . Since the gray matter is divided into lami· 

nae, tbe aggregates of neurons forming nuclei are fou nd 
in specific laminae. Therefore, it is important to Jearn 
what la minae house which nuclei. Chapter 9 p rovides a 
more detailed description of the laminae and nuclei. 

WWte Matter 
A cross section of the cord demonstrates that peripheral 
to the gray matter of the cord is a well-defined area of 
white matter (see Fig. 3-10). White matter includes 

myelinated axons , neuroglia, and b lood vessels. The 
white matter is divided into three major areas ca l l ed 
columns or funiculi. The dorsal funiculus or column is 

located between the dorsal horns, the lateral funiculus 

or column between each dot'sal and ventral horn, and 
the ventral fu nicu lus or column between the ventral 

horns (Fig. 3-10). The white area connecting the two 
halves of the cord consists of the dorsal and ventral 

white commissures. The ventral commissural area in

chides clinically important decussating axons of pain 
and temperature tract neurons. The neuron cell bodies 

of the axons that course in the funicul i  are found in var

ious locations. The cell bodies of axons that ascend in 

the spinal cord are located in the cord 's  gray matter or in 

the dorsal root ganglia. The cell bodies of axons that de
scenel in the spinal cord to synapse in the gray matter are 
located in the brain. 

The long ascending and descending axons are not ran
domly mixed together but are organized into bundles 



called tracts or fascicul i .  The axons of each tract or fas
ciculus convey similar information to a com mon desti
nation. For example, axons that are conveying impulses 
for pain and temperature are found in an anterolateral 
position in the cord. Although the tracts are well orga
nized, they still overlap somewhat, and boundaries are 
often arbitral)'. 

Regional Characteristics 
Although the characteristics of gray and white matter 
are generally the same in all cord segments, some iden
tifying features are seen in cross section that d istinguish 
the cervica l, thoracic, lumbar, and sacral regions of the 
spinal cord (Fig. 3- 1 1 ). For example, differences exist in 
the ap[>earance and amount of white matter because of 
the presence ancl absence of certain tracts at different 
levels. Also, the gray matter changes its appearance 
because of regional differences in the number of so
matic motor neuron cell  bodies (the axons of which 
innervate skeletal muscles in the extremities) and 
autonomic motor neuron cell bodies (the axons of 
which innervate smooth muscle, cardiac muscle, and 
glands). 

Cervical corel segments are large and oval shaped.  At 
almost all levels, the transverse (side-to-side) d iameter 
is greater than the sagittal (dorsal-to-ventral) diameter. 
The C1 transverse diameter is  1 2  mm and the C8 trans
verse diameter 1 3  to 1 4  mm, whereas the sagittal d iame
ter at C8 is approximately 9 mm (Carpenter, 1 99 1). The 
transverse and sagittal diameters through the j unction of 
the C5-6 segments are 13 .2  and 7 mm, respectively 
(Elliott, 1 945). Since al l  ascending and descending axons 
to and from the brain must traverse the cervical region, 
the amount of white matter is greater here than in other 
regions. The ventral horn of gray matter fmmd in the C4 
to 1'1 segments is larger on its lateral aspect because of 
the increased number of motor neuron cell bodies, the 
axons of which innervate upper extremity skeletal mus
cles (Fig. 3- 1 1 ) . 

Thoracic segments are most easily distinguished by 
their small amount of gray matter relative to white mat
ter. Since the thoracic segments are not involved with in
nervating the muscles of the extremities, the lateral en
largement of the ventral horn is absent. Compared with 
cervical segments, both the transverse and the sagittal di
ameters of the thoracic spinal cord are smaller. A mea
surement at the junction of the T6-7 segments reveals an 
8 mm transverse and 6.5 mm sagittal diameter (El l iott, 
1 945). One distinguishing feature of the thoracic seg
ments is the presence of a lateral horn . This horn is lo
cated on the lateral aspect of the intermediate gray mat
ter and is the residence of neuron cell bodies, the axons 
of which innervate smooth muscle, cardiac muscle, and 
glands. In addition, from midthoracic levels superiorly, 
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FIG. 3- 1 1  Cross sections of the spinal cord at cervical , tho

racic,  and lumbar levels showing regional characteristics of 

gray and white matter. 

the dorsal funiculus includes a dorsal intermediate sul
cus (Fig. 3- 1 1 ) .  

Lumbar segments are d istinguished by their nearly 
round appearance. Although they contain relatively less 
white matter than cervical regions, the dorsal and ven
tral horns are very large. The ventral horns of the lumbar 
segments are involved with the innervation of lower ex
tremity skeletal muscles, and the additional neuron cell 
bodies for the motor axons are located laterally in those 
ventral horns . The L3 transverse diameter is 1 2  mm and 
the sagittal diameter 8.5 mm (Carpenter, 1 99 1) .  The di
ameters at the L5-S 1 junction are 9.6 mm and 8 mm,  re
spectively (El liott, 1 945). Although the 1' 1 2  and L l  cord 
segments are indistinguishable, the large horns make 
l umbar segments easy to identify compared with cervi
cal and thoracic segments (Fig. 3- 1 1 ). 

Sacral segments are recognized by their predomi
nance of gray matter and relatively small amount  of 
white matter. Interestingly, although cervical and lllm
bar segments have ' large transverse and sagittal diame
ters, the thoracic segments are the greatest in length 
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(superior to i nferior) and the sacral the shortest. The av

erage superior-to-inferior dimensions of various cord seg

ments are cervical ,  13 mm; midthoracic, 26 mil) ; lumbar, 

1 5  mm; and sacral ,  5 m m  (Schoenen, 199 1). 
M easurements of the transverse and sagittal diameters 

of the cord are useful cl inica lly.  FUjiwara and colleagues 

(1 988) have shown on cadaveric cervical cord segments 
that measurements of the transverse and sagittal d iame

ters and the compression ratio (sagittal d iameter divided 
by the transverse diameter) made on computed tomog

raphy myelography (CTM) images are comparable to the 
actual dimensions of the gross cord segments them

selves. Measurements of the transverse area and com
pression ratio also correlated with the severity of patho

logic cha nge in patients with cervical myelopathy. 
Therefore, CTM may be useful clinically in evaluating 
this type of pathologic condition. 

ARTERIAL BLOOD SUPPLY OF mE SPINAL 
CORD 

Spinal Arteries 
The spinal cord is vascularized by branches of the verte
bral artery and branches of segmental vessels. The verte

bral artery, a branch of the subclavian artery, courses Sll
periorly through the forarrtina of the transverse 
processes of the upper sL'( cervical vertebrae to enter the 
posterior cranial fossa via the foramen magnum.  Within 
the posterior fossa of the cranial cavity, one small ramus 

from each of the vertebral arteries anastomose in 

a V-shaped configuration to form the anterior spinal 

artery (Fig. 3-1 2). Usua lly this occurs within 2 cm from 

their origin but may occur as far inferiorly as the C5 cord 

segment (Turn bull ,  Brieg, & Hassler, 1966). The anterior 
spinal artelY courses caudally in the ventral median fis
sure of the medulla oblongata of the brain stem, which 
it helps to supply, and continues inferiorly within the pia 
mater at the level of the cord 's  ventral median fissure. 
This artery is usually straight,  coursing inferiorly in the 

midline, but may alter to one side as the anterior racliCLl
lar arteries anastomose with it .  The anterior spinal artery 

is well defined in the cervical regions and largest in di
ameter at approximately the level of the artery of 

Aclamkiewicz (abollt T9 to T l 2).  In the thoracic region 
the anterior spina l  artery narrows just superior to the 
level of the artery of Adamkiewicz and often is barely 

evident (Gillilan, 1 958; Schoenen, 1 99 1). 
Also branching from each vertebral artelY, and less fre

quently from the posterior inferior cerebellar artery, is 

the posterior spinal artery (Fig. 3- 1 2) .  Each posterior 

spinal artery supplies the dorsolateral region of the cau
dal med ulla oblongata. As it continues on the spinal 

cord , each artery forms two longitudinally irregular, 

anastomotic channels that course inferiorly on both 
sides of the dorsal rootlet attachment to the spinal cord . 

The medial channel is larger than the lateral (Schoenen, 

1 991). The two anastomotic channels are intercon

nected across the midline by n u merous small vessels. 

Small branches form a pial plexus on the cord 's posterior 

aspect. 
At the level of the conus medu llaris, a loop is fOI1ned 

as the anterior spinal artelY anastomoses with the two 
posterior spinal arteries (Lazorthes et a I . ,  1 97 1). At this 

location the artery of the filum terminale branches off 
and courses on the fil um's ventral su rface (Djindjian et 

a I . ,  1988). 
Although the spinal arteries originate in the cranial 

cavity, segmental vessels, which help to supply blood to 
the cord, originate outside the vertebral col umn. The 

segmental arteries in the cervical region include 
branches of the cervical part of the vertebral artery, 
which vascularize most of the cervical cord , and 
branches of ascending and deep cervical arteries. The 
latter arteries originate from the subclavian artery's thy

rocervical and costocervical trunks, respectively.  

Segmental br,lI1ches that help to supply the rest of the 

cord arise from intercostal and lumbar arteries, which 

are branches of the aorta, and lateral sacral arteries, 

which are branches of the internal iliac artely. These ves
sels provide spinal branches that enter the vertebral 
canal through the IVF; vascularize the meninges, liga
ments ,  osseous stmctures, roots, and rootlets; and rein

force the spinal arteries. 
As each of the 31 pairs (Lazorthes et a I . ,  197 1) of 

spinal branches of the segmental spina l arteries enters 

its respective IVF, it d ivides into three branches. 

Anterior and posterior branches vascularize the dura 

mater, l igaments, and osseous tissue of the vertebral 
canal. The third bra nch, called the neLll-ospinal artelY 

(of Kadyi) (Schoenen, 199 1), courses with the spinal 
nerve and divides into anterior and posterior radicular 
arteries. The radicular arteries course on the ventral 

aspect of their corresponding root within the subarach
noid space . Each of the roots is vascularized by small 

branches (less than 0 . 2  mm d iameter) of these radicular 

arteries. A variable n umber of the large anterior and 
posterior radicular arteries continue to the anterior 

and posterior spinal arteries that they reinforce (Figs. 

3- 1 2  and 3- 1 3) .  UsuaJly the anterior radicular artery does 
not reach the spinal artelY at the same segmental level as 
the posterior rad icular artery (Gi l l i lan, 1958; Turnbull et 

aI . ,  1966). 

Anterior Radicular Arteties 
Anterior radicular arteries (defined here as those tbat 

reach the anterior spinal artelY) vary in number from 5 

to 1 0. Since the anterior spinal arteIl' sufficiently su p
plies the first two or three cervical segments, the ante

rior rad icular arteries of the vertebral, ascending, and 
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A, Anterior view. B, Posterior view. 

deep cervical arteries in general vascularize the lower 
cervical and upper thoracic segments, that is, the cervi· 
cal enlargement (Lazorthes et ai . ,  1 97 1 ). Turnbull and 
colleagues ( 1 966) did microdissection and microangio
graphic studies on the C3 to Tl cord segments of 43 
cadavers. They discovered a range of one to six ante

rior rad icular arteries, which were found as often on 
the left as on the right sides. Of the 43 spinal cords 

studied, 1 3  had a total of only two anterior radicular 

arteries, and another 13 had a total of four arteries 

reinforcing the cord. However, 39 of 43 had at least 
one anterior radicular artery at the C7 or C8 segment. 

Anterior radicular arteries from the intercostal and 
lumbar arteries are fou nd primarily on the left side 

(Carpenter, 1 99 1 ;  Turnbull ,  1 973), possibly because 
the aorta is on the left. Although the thoracic corel seg

ments are the longest, usually just one to four anterior 

radicular arteries are present. As an anterior radicular 
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artery approaches the ventral median fissure, it often 
sends a branch into the pial plexus on the cord 's lateral 
side. It then bifurcates, usuaUy branching gently up and 
sharply down before uniting with the anterior spinal 
arte1)f. If both right and left anterior radicular arteries 
join the anterior spinal arte1)' at the same level ,  the anas
tomosis becomes diamond shaped (Turnbull et aI . ,  
1 966). 

The largest anterior radicular artel1' was first specifi
cally described in 1 882 and named " the arteria radicu
laris magna of Adamkiewicz . "  Lazorthes cal led it the 
arte1)' of the lumbar enlargement because of its area of 
distribution (Turnbull, 1 973). Although most anterior 
rad icular arteries range from 0.2 to 0.8 rom in diameter, 
this artery is 1 .0 to l .3 mm in d iameter. It arises from a 
posterior intercostal artery on the left side 80% of the 
time (Turnbull ,  1 973). The artery of Adamkiewicz 
courses with a lower (T9 to T 1 2) thoracic root 75% of 
the time. However, it  may be found with an Ll or L2 root 
( 1 0'){,) or even a midthoracic T5 to T8 root ( 1 5%), in 
which case a l ower lumbar anterior radicular artery is 
present .  Before reaching the anterior spinal artery, the 
artel1' of Adamkiewicz supplements the posterior spinal 
artery by giving off a posterior branch. When it reaches 
the anterior spinal artel1', the artel1' of Adamkiewicz 
d ivides into large descending and smaU ascending 
branches (Lazortiles et aI . , 1 97 1 ;  Turnbull, 1 973; 
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B, Note the spinal cord areas vascularized by the anterior 

spinal artery and by the posterior spinal arteries. 

Williams et aI . ,  1 989) . It is possible for this artel), to be 
the sole supply to the lumbosacral cord (Schoenen, 
1 99 1 )  a nd to even be the supplier to the lower two 
thirds (Williams et a I . ,  1 989) or one half of the cord 
(de Groot & Chusid , 1 988). 

Posterior Radicular Arteries 

Posterior radicular arteries (defined here as those that 
reach the posterior spinal arteries) val1' in number from 
1 0  to 23 and outnumber the anterior radicular arteries. 
They range in diameter from 0.2 to 0.5 mm (Turnbull, 
1 973), which is genera l1y smaller than an average ante
rior radicular artely. Turnbull and cOlleagues ( 1 966) 
showed that in the C3 to Tl segments of 43 cadavers, 
the number of posterior radicular arteries rariged from 
zero to eight .  Only two or three posterior rad icular ar
teries were found in 75% of the cadavers, and of those, 
most were found coursing with lower cervical roots. No 
relationship seemed to exist between anterior and pos
terior radicular arteries concerning their number and po
sition. Although posterior radicular arteries often enter 
on the left side, they are less prone to do so than the 
anterior radicular arteries (Carpenter, 1 991) .  However, 
like the anterior radicular arteries, each one supplies 
small branches to its neighboring root. Also, as it nears 
the posterior spinal artery, which it reinforces , the 



posterior radicular artelY often gives a small branch to 

the pial plexus on the cord 's lateral side. 

Arterial Supply of the Internal Cord 

Having discussed the location of the spinal arteries on 

the external surface of the spinal cord , it is pertinent to 

elaborate on the vascularization of the under/ying ner

vous tissue. The spinal cord tissue is vascularized by 

branches of the anterior spinal artery, posterior spinal 

anastomotic channels, and their interconnecting vessels. 

The unpaired anterior spinal artelY that lies in the ven

tral median fissure periodically gives off a single branch, 

which is called the central, or sulcal, branch (Fig. 3- 13). 
Compared with the distance between central branches 

in the cervical cord, the distance is greater between 

these branches in thoracic segments and is less between 

branches in lumbar and sacral segments (Hassler, 1966) . 
The central branch comes off at right angles in the lum

bar and sacral segments, but comes off at an acute supe

rior or inferior angle in the cervical and thoracic cord 

(Hassler, 1966; Turnbull, 1973). Its length is approxi

mately 4.5 mm, and the central branch courses deep into 

the fissure, alternately turning to the left or right. 

In addition, the central branches are more nwnerous 

and larger in the cervical and lumbar regions and less fre

quent in the thoracic region (Barr & Kiernan, 1993 ; 
Carpenter, 199 1; Gilli lan, 1958; Turnbull, 1973). In the 

human cord these arteries number between 250 and 300 

(Gillilan, 1958). The anterior spinal artelY produces five 

to eight central branches per centimeter in the cervical 

region, two to six branches per centimeter in the tho

racic region, and five to twelve branches per centimeter 

in the lumbar and sacral regions (T urnbull, 197 3). The 

widest average d iameter of the central branch is in the 

lumbar region (0. 23 mm), followed by cervical (0. 2 1  

mm), upper sacral (0.20 mm), and thoracic (0. 1 4  mm). 

As the branches of the central arteries vascularize the 

cord, they extend superiorly and inferiorly and overlap 

each other, particularly in the l umbar and sacral seg

ments. 

In addition to the vascu larization of the eleep tissue, an 

interconnecting plexus of arteriolar size vessels called 

the pial peripheral plexus, or vasocorona is located in 

the pia mater encircling the spinal cord. The dorsal and 

ventral aspects of the pial plexus are formed from small 

branches of the posterior and anterior spinal arteries, re

spective ly. The lateral aspects of the pial plexus are 

formed by branches from both spinal arteries anel occa

sionally from small  branches of the radicular arteries 

(Barr & Kiernan, 1993; Carpenter, 1991;  GilLilan, 1958; 

Turnbull, 1 973) . The pial plexus vascularizes a band 

of white matter on the periphery of the spinal cord . 

Much overlap occurs between the distributions of the 

central arteries and the peripheral plexus. When consid

ering all branches, the anterior spinal artelY vascularizes 
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approximately the ventral two thirds of the cross-sec

tional area of the spinal cord . This area includes the ven

tral horn, lateral horn , central gray matter, base of the 

dorsal horn, and ventral and lateral fun iculi .  The poste

rior spinal artelY vascularizes the dorsal horn and dorsal 

funiculus (Fig. 3-13 ,  B). In the C3 to Tl segments, the 

top of the dorsal horn is particularly well vascularized 

(Turnbull et aI . , 1966) . 
When studying the details of the arterial supply, it ap

pears that at any given level of the spinal cord , a direct 

relationship exists between the size of the anterior 

spinal artelY and radic ular artelY and the amount of gray 

matter, as seen in cross section (Gillilan, 1958) . Since 

gray matter has a higher metabolic rate than white mat

ter (G illilan, 1958), the capillaries are denser in gray mat

ter, especia l ly around the top of the dorsal horn and the 

ventral horn cells, than in the white matter. However, 

the dorsal and lateral white funiculi have a better capil

lary supply than the ventral white funiculu� (Turnbull, 

1973). 
The d istribution of the anterior and posterior spinal ar

teries to the cross-sectional area of the spinal cord is clin

ically very important, and much research has been de

voted to this topic. Any interruption of the vascular sup

ply to the spinal cord can cause serious deficits. For 

exa mple, trauma typically causes hemorrhaging of these 

arteries and subsequent ischemia ancl cell necrosis. Also, 

an obstruction of any vessel involvecl with vascularizing 

the spinal cord (aorta, segmental arteries and radicular 

branches, spinal arteries, intrinsic vessels) or a decrease 

in bloocl pressure may cause damage to the spinal cord. 

For example, lumbar sympathectomy, aortic surgery or 

injury, or a dissecting aneurysm of the aorta may inter

rupt intercostal and lumbar arteries. This includes the 

great radicular artery of Adamkiewicz, wh ich supplies 

the lumbar enlargement (Carpenter, 199 1 ;  Gillilan, 1958; 
Moore, 1 980; Morris & Phil,  1 989; Turnbull ,  1973). 
Interrup tion of the artery of Aclamkiewicz can have seri

ous consequences and in some cases can even result in 

paraplegia. 

Since the spinal arteries are u nable to supply the 

spina l  cord suffiCiently, the rad icular supply becomes 

critical. In the upper thoraCiC segments, especially 

around T4 , reinforcing radicular arteries originating from 

intercostal segmental arteries are not numerous, and 

therefore this area is vulnerable. For exam ple ,  if one 

radicular artery i s  occluded and another is insuffiCient, is

chemia can develop. 

Although less common, occlusion of the anterior 

spinal artery directly may occur from thrombosiS, an em

bolus, herniated d isc compression, tumors, and other 

conditions. This results in an infarction of spinal cord tis

sue (Gillilan, 1958; Morris & Phil, 1989; Turnbull, 1973) . 
Lesions affecting the anterior spinal a rteria l distribution 

are more common than those affecting the posterior 

spina l arterial region (Daube et aI . ,  1986; Gillilan, 1958) . 
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FIG. 3- 1 4  Venous drainage o f  the spinal cord. A ,  Cross section of the spinal cord . B ,  Median 

view of the vertebral canal. The spinal cord has been removed to show the epidural venous 

plexus.  
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Thus, most spina.1 infarcts cause greatest da mage to the 
areas that include cell bodies of motor neurons (ventral 
horn), descending motor pathways (lateral white mat
ter), and the ascending pain and temperature pathways 
(ventrolateral white matter) (see Chapter 9). In these 
cases the posterior spinal arterial distIibution to the dor
sal one third of the spinal cord, which i ncludes the path
way for vibration, position sense, and touch (dorsal 
white funiculus), is left intact. Several cases in the late 
1 800s and early 1900s established that a lesion causing 
insufficient vascularization to the area of distribu tion of 
the anterior spinal artery could frequently be clearly di
agnosed cl inicaUy (Gilli lan,  1958). This lesion has subse
quently been referred to as the anterior spinal artery 
syndrome and presents with sudden bilateral loss of 

pain and temperature sense and motor deficits below 
the level of the lesion, with a preservation of Vibratory 
and position sense. 

VENOUS DRAINAGE OF THE SPINAL CORD 

The venous system found within the vertebral canal con
sists of an epidural , or internal ,  vertebral venous plexus,  
located in the epidural space (see Chapter 2) and also an 
irregu lar venolls p le:X'l.ls lying on the cor(1 . This entire ve
nOlls system is devoid of valves. 

The venous system on the cord consists of six lon
gi tudinal veins:  three anterior and three posterior 
(Fig. 3- 1 4 ,  A). On the anterior side of the cord in the 
midline, the anteromedian vein receives venous blood 
from both sides of the anteromedial cord via sulcal 
veins. Near each ventrolateral sulcus, an anterolateral 
vein is found receiving blood from the anterolateral 
cord. The anteromed ian and anterolateral veins empty 
into one of approximately 6 to 1 1  anterior radicular 
veins that empty into the epidural venous plexus. In 
the lumbar region, there may be one large anterior radic
ular vein, the vena radicularis magna (Carpenter, 1991) .  
The postelior aspect of  the cord has a similar venous 
pattern. A midline posteromedian and two posterolateral 
veins drain the dorsal funiculus, dOl-sal horns, and their 
adjacent lateral white matter. These veins in turn be
come tributaries of approximately 5 to 10 posterior 
rad icular veins that empty into the epidural venous 
plexus. As also seen in the arterial system, an encom
passing venous vasocorona interconnects the six longi
tudinal veins. 

The epidural venous plexus is a longitudinal plexus 
that is continuous with the sinuses and venous channels 
above the level of the foramen magnum within the skull 
(see Chapter 2). It also drains into intervertebral veins in 
the IVFs and also into another longitud inally arranged 
plexus, the external vertebral venous plexus (Fig. 3 - 1 4 ,  
B) . From intervertebral veins, venous blood drains into 
segmental veins sllch as the vertebral, intercostal, 
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lumbar, and lateral sacral veins (Will iams et a I . ,  1989). 
These segmental veins lie outside the vertebral column. 

A metastatic tumor i n  the epidural space may damage 
the cord by im peding venous return and cause vasogenic 
edema (Grant et aI . , 1991). These interconnecting chan
nels also provide the opportunity for cancer to metasta
size to the brain (see Chapter 2). 
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CHAPTER 4 

Muscles That Influence 
the Spine 
Barclay W. Bakkum 

Gregory D. Cramer 

Six Layers of Back Muscles 

First Layer 

Second Layer 

Third Layer 

Fourth Layer 

Fifth Layer 

Sixth l.ayer 

Other Muscles Directly Associated With the Spine 

Suhoccipital Muscles 

Intertransversarii Muscles 

Interspinales Muscles 

Levator Costarum Muscles 

Muscles Associated \Xfith the Anterior Aspect of tIle 

Cervical Vertebrae 

Iliac Muscles 

Muscle; That Indirectly Influence the Spine 

Muscles of Respiration 

Anterolateral Abdominal Muscles 

Rectus Abdominis Muscle 

Other Muscles That Have Clinical Relevance to the Back 

Hamstring Muscles 

Gluteus Maximus Muscle 

Piriformis Muscle 

Rectus Femoris Muscle 

Summary of Muscks Affecting the Spine 

Second only to the vertebral colunm itself, the muscles 

of the spine are the most important stmctures of the 

back. A thorough understanding of the back muscles is 

fundamental to a comprehensive understanding of the 

spine and its function_ The purpose of this chapter is to 

discllss the muscles of the back and other muscles that 

have an indirect influence on the spine_ The intercostal 

muscles provide an example of the latter category. 

These muscles do not actually attach to the spine, but 

their action can influence the spine by virtue of their 
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attachment to the ribs. The abdominal wall muscles, di

aphragm, hamstrings, and others can be placed into tllis 

same category. These muscles have a less clirect, yet im

portant influence on the spine. Chapter') discusses the 

sternocleidomastoid, scalene, suprahyoid, and infrahy

oid muscles. 

The musculature of the spine amI trunk plays an im

portant role in the normal functioning of the vertebral 

column. Besides their obvious ability to create the vari

ety of spinal movements, many of these muscles also 

help to maintain posture. In acldition, the back and trunk 

muscles function as shock absorbers, acting to disperse 

loads applied to the spine. The shear bulk of these mus

cles also protects the spine and viscera from outside 

forces. 

Many muscles work together to produce a typical 

movement of the spine_ Muscles known as plime movers 

are the most important. Other muscles, known as syner

gists, assist the prime movers. For example, during flex

ion of the lumbar spine from a supine position, as in the 

performance of a sit-up, the psoas major and the rectus 

abdominis muscles are prime movers of the spine. 

However, the erector spinae muscles also undergo an ec

centric contraction toward the end of the sit-up_ This 

contraction of the erector spinae helps to control the 

motion of the trunk and allows for a gracefill, safe ac

complishment of the movement. The erector spinae 

muscles are acting as synergists in this instance. 

The muscles of the spine and other muscles associated 

with the back can, and frequently do, sustain injury. A 

complete understanding of the anatomy of these mus

cles aids in the differential diagnosis of pain arising from 

muscles versus pain alising from neighboring ligaments 

or other stmctures. 

The back muscles are discussed from superfiCial to 

deep. This is accomplished by dividing the muscles into 

sL-x layers, with layer one as the most superficial and 



layer six as the deepest. After a discussion of the six lay

ers of back muscles, other important muscles of the 

spine are described. These include the suboccipital mus

cles, the anterior and lateral muscles of the cervical 

spine, and the iliac muscles. The muscles that have an in

direct, yet important influence on the Spil1C are dis

cussed last. 

SIX lAYERS OF BACK MUSCLES 

First Layer 

The first layer of back: muscles consists of the trapezius 

and latissimus dorsi mmcles (Fig. 4-1) These two mus

cles nlll from the spine (and occiput) to either rile shoul

der girdle (scapula and clavicle) or the humerus, respec

tively. 

Trapezius Muscle. The trapeZius muscle is the most 

superticial and superior back: muscle (Fig. 4-1). It is a 

large, strong muscle that is innervated by the accessory 

nerve (cranial nerve XI) In addition to its innervation 

from the accessory nerve, the trapezius muscle receives 

some proprioceptive fibers from the third and fourth 

cervical ventral rami. Because the trapeZius muscle is 

so large, it originates from and inserts on many struc

tures. This muscle originates from the superior nuchal 

line, the external oCcipital protuberance, the ligamen

tum nuchae of the posterior neck, the spinous processes 

of C7 to T12. and the supraspinous ligament between C7 

and T J 2. It insert-; onto the spine of the scapula, the 

acromion process, amI the distal third of the clavicle. 

Because of its size and its many origins and insertions, 

the trapezius muscle also has many actions. Most of 

these actions result in movement of the neck and the 

scapula (i.e., the "shoulder girdle" as a whole). The 

function of the trapeZius depends on which region of 

the muscle is contracting (upper, middle, or lower). 

The middle portion retracts the scapula, whereas the 

lower portion depresses the scapula and at the same 

time rotates the scapula so that its lateral angle moves 

superiorly The actions of the upper part of the trapez

ius also depend on whether til:.: head/neck or the 

scapula is stabilized. When moving the head and neck, 

the actions of the upper trapezius are also cJelermined 

by whether the muscle is contracting unilaterally or bi

laterally. Table 4-1 summarizes the actions of the trapez

ius muscle. 

Latissimus Dorsi Muscle. The most itlferior and lat
eral of the two muscles that make up the tlrst layer of 

back muscles is the latissimus dorsi muscle (Fig. 4-1). 
This large muscle has an t:xtensive origin. The origin of 

the latissimus dorsi includes the following: 

• Spinous processes and supraspinous ligament of 

T6-L5 (supraspinous ligament ends between L2-L4) 

MliSCLES THAT INFLL ENCE THE SPINE 73 

• Thoracolumbar fascia 

• Posterior sacmm (median sacral crest [see Chap-

ter 8]) 
• Iliac crests 

• Lower four ribs 

The latiSSimus dorsi muscle derive much of its origin 

from the thoracolumbar fascia. This is a tough ancl ex

tensive aponeurosis (see the following discllssion). The 

latissimus dorsi muscle passes superiorly and laterally to 

insert into the intertubercular groove of the humerus, 

between the anteriorly located pectoralis major muscle 

and the posteriorly located teres major mllscle. 

Contraction of th latissimus dorsi results in adduction, 

medial rotation, and extension of the humerus. 

The latissimus dorsi is innervated by the tboracodorsal 

nerve (mid(Ue subscapular nerve), which is a branch of 

the posterior cord of the brachial pleXllS. The thora

codorsal nerve is derived from the anterior primary divi

sions of the sixth through eighth cervical nerves. 

Thoracolumbar Fascia. Because of its clinical signif
icance, the anatomy of tl'le thoracolumbar fascia de

serves further discussion. This fascia extends from the 

thoracic region to the sacrum. It forms a thin covering 

over the erector spinae l11uscles in the thoracic region, 

whereas in the lumbar region the thoracolumbar fascia 

is very strong and is composed of three layers. The 

posterior layer attaches to the lumhar spinous processes, 

the interspinous ligaments between these processes, 

and the median sacral crest. The middle layer attaches 

to the tips of the lumbar transverse processes and the in

tertransverse ligaments and extends superiorly from the 

iliac crest to the 12th rib. The anterior layer covers tile 

anterior aspect of the quadratlls lumborum muscle and 

attaches to the anterior surfaces of the lumbar transverse 

rocesses. Superiorly, the anterior layer forms the lateral 

arcuate ligament (see Diaphragm). The anterior layer 

continues inferiorly to the ilium and iliolumbar ligament. 

The posterior and middle layers surround the erector 

Table 4-1 Fun lions of Trapezills \1usck 

With scapula stabilized 

Hcgion Hcad and neck Contraction of 

of stabilized during Olle side 

muscle muscle contraction (unilateral) 

Upper Elevares scapula Extends head 

Contraction of 
both side", 

(bilateral) 

Extends head 

<Inc! neck; rorates and neck 

face to opposite 

Middle Retracts scapula 

Lower Retraets, depresses 

scapula; rorates 

lateral angle of 

scapula superiorly 

c!in:ction 
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A 

Latissimus dorsi m, 

f-.�f / semisPinaiis capitis m, 

/" �Splen ius  capitis m, 

Levator scapulae m, 

Rhomboid maior m, 

fiG. +- I A, First (lef/) and second (rigl.1t) layers of back muscles. 

spinae muscles posteriorly and anteriorly, respectively 

(see Fifth Layer), and meet at the lateral edge of the erec

tor spinae, where these two layers are joined by the an

terior layer (Williams et aI., 1989) 

The lateral union of the three layers of the thora

columbar fascia serves as a posterior aponeurosis for ori

gin of the transversus abdominis muscle, Macintosh and 

Bogduk (1987) found that the posterior layer of the tho

racolumbar fascia is actually composed of two separate 

layers (laminae), The direction of the fibers within each 

layer of the posterior aponeurosis makes the thora

columbar fascia stronger along its lines of greatest stress, 

When the thoracolumbar fascia is tractioned laterally by 

the action of the abdominal muscles, the distinct direc-



{ u1cer 
Trapezius m. mi die 

lower 

Teres 
mi nor m. 

Infraspinatus m .  

Latissimus 
dorsi m. 

FIG. 4- 1 , conl'd. B, Dissection of these same two layers. 

tion of fibers of the posterior layer's two laminae aids in 
extension of the spine and the maintenance of an erect 
posture. 

Some investigators believe that because the posterior 
and middle layers surround the erector spinae muscles, 

injury to these muscles at times may lead to a "compart· 

ment" type of syndrome within these two layers of 

the thoracolumbar fascia (peck et a/., 1 986). This syn· 
drome results from edema within the erector spinae 
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capitis m. 
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Rhomboid 
minor m .  

Rhomboid 
major m .  

Longissimus 
thoracis m. 

Serratus 
posterior 
inferior m. 

Continued. 

muscles. The edema results from injury and increases 
the pressure in the relatively closed compartment com· 
posed of the erector spinae muscles wrapped within the 

posterior and middle layers of the thoracolumbar fascia. 
This may result in increased pain and straightening of 

the lumbar lordosis (peck et a1., 1 986). However, further 

research is necessal)' to determine the best approach 

avai.la ble to diagnose this condition and the frequency 
with which this condition occurs. 

B 
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mi nor m .  

Rhomboid 
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Logissimus 
thoracis m .  

T rapezius m. 
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Deltoid m. Infraspinatus m .  Teres minor m .  Teres major m .  Latissimus dorsi m. 

FJG. 4-1, coot'a C, Close-up, taken from a left posterior oblique perspective. The serratus 
posterior inferior muscle of the third layer can also be seen in Band C. 

Second Layer 

The seconcllayer of back muscles includes three muscles 
that, along with the first layer, connect the upper limb to 

the vertebral column. All three muscles lie deep to the 

trapezius muscle and insert onto the scapula's medial 

border. They include the rhomboid major, rhomboid mi
nor, and levator scapulae muscles (Fig. 4-1). 

The rhomboid major muscle originates by tendinous 

fibers from the spinous processes of T2 through T5 and 
the supraspinous ligaments at those levels. The muscle 

fibers mn in an inferolateral direction and insert via a 
tendinous band on the medial border of the scapula be
tween the root of the spine and the inferior angle. 

The rhomboid minor muscle is located immediately 

superior to the rhomboid major, and its fibers also run in 
an inferolateral direction. Begi nning from the lower por

tion of the ligamentum nuchae and the spinous 
processes of C7 and T1, the rhomboid minor ends on the 
scapula 's  med ial border at the level of the spinal root. 

Both rhomboid muscles are in nerva ted by the dorsal 
scapular nerve, which arises from the anterior primary 

division of the C5 spinal nerve. 
Since the fibers of these two muscles are paraliel, their 

actions are similar. In addition to the other muscles that 

insert on the scapula, they help stabilize its pOSition and 

movement during active use of the upper extremiry. 
Specifically, the rhomboids retract and rotate the 

scapula so as to depress the point of the shoulder. 
The levator scapulae muscle arises by tendinous slips 

from the transverse processes of the atlas <Inc! axis and 
the posterior tubercles of the transverse processes of C3 
and C4. Its fibers descend and insert onto the scapula's 
medial border between the spinal root and the superior 
angle. It is innervated by branches from the ventral rami 

of the C3 and C4 spinal nerves and the dorsal scapular 
nerve (C5). If the cervical spine is fixed, the levator 
scapulae helps in eleva ting and rotating the scapula to 

depress the point of the shou lder. When the scapula is 
stabilized, contraction of this muscle laterally flexes and 



rotates the neck to the same side. Bilateral contraction 

helps in extension of the cervical spine. 

Third Layer 

The third layer of back muscles is sometimes referred to 

as the intermediate layer of back muscles. This is be

cause the two small muscles of this group lie between 

layers one and two, which are frequently known as the 

superficial back muscles, and layers four through six, 

which are known as the deep back muscles. 
The third layer of back muscles consists of two thin, 

almost quadrangular muscles: the serratus posterior su

perior and serratus posterior inferior (Fig. 4-2, A and B). 
The serratus posterior superior muscle originates from 

the spinous processes of C7 through T3 and the 

supraspinous ligament that runs between them. It inserts 

onto the posterior and superior aspect of the second 
through the fifth ribs. This muscle is innervated by the 

anterior primary divisions of the second through the 
fifth thoracic nerves (intercostal nerves). 

The serratus posterior inferior originates from the 

spinous processes and intervening supraspinous liga

ment of TIl to 1,2. I t inserts onto the posterior and infe

rior surfaces of the lower four ribs and is innervated by 

the lower three intercostal nerves (T9 to TIl) and the 

subcostal nerve. These nerves are all anterior primary di

visions of their respective spinal nerves. 

The serratus posterior superior and inferior muscles 
may help with respiration. More specifically, the serratus 

posterior superior raises the second through fourth ribs, 

which may aid with inspiration. The serratus posterior 

inferior lowers the ninth through twelfth ribs, which 

may help with forced expiration. 

Fourth Layer 

The most superficial layer of deep back muscles is the 

fourth layer, which consists of two muscles whose fibers 
ascend from spinous processes to either the OCCiput 
(splenius capitis) or the transverse processes of cervical 

vertebrae (splenius cervicis). This layer is composed of 

the splenius capitis and splenius cervicis muscles (Fig. 

4-2, C to E). 
The splenius capitis muscle begins from the lower half 

of the ligamentum nuchae and the spinous processes of 

C7 through T3 or T4. It attaches superiorly to the mas
toid process of the temporal bone anu to the OCCiput just 

inferior to the lateral thiru of the superior nuchal line. 

The splenius cervicis muscle originates from the spi

nous processes of T3 through T6 ancl inserts onto the 
transverse processes of the atlas and axis and the poste

rior tubercles of the transverse processes of C3 and 

sometimes C4. These insertions are deep to the origins 

of the levator scapulae. The splenius capitis and cervicis 
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are innervated by lateral branches of the posterior pri
mary divisions of the midcervical and lower cervical 

spinal nerves, respectively. When the splenius muscles 

of both sides act together, they extend the head and 

neck. When the muscles of one side contract, they later

ally flex the head and neck and slightly rotate the face to

ward the side of contraction. 

Fifth Layer 

The largest group of back muscles is the fifth layer This 
layer is composed of the erector spinae group of muscles 

(Fig. 4-2, A and B and Fig. 4-3, A). This erector spinae 
group is also collectively known as the sacrospinalis 

muscle. The muscles that make up this group are a series 

of longitudinal muscles that run the length of the spine, 

filling a groove lateral to the spinous processes. They are 

covered posteriorly in the thoracic and lumbar regions 

by the thoracolumbar fascia. These longitudinal muscles 
can be divided into three groups. These three groups 

are, from lateral to medial, the iliocostalis, the longis

simus, and the spinalis groups of muscles. Each of these 
groups, in turn, is made up of three subdivisions. The 

subdivisions are named according to the area of the 

spine to which they insert (e.g., lumborum, thoracis, 

cervicis, capitis). The erector spinae muscles are dis

cussed from the most lateral group to the most medial, 

and each group is discussed from inferior to superior. 

Iliocostalis Muscles. The iliocostalis (iliocostocervi
calis) group of muscles is subdivided into lumborum, 

thoracis, and cervicis muscles (Fig. 4-3). Inferiorly, the il

iocostalis muscles derive from the common origin of the 

erector spinae muscles. 

Iliocostalis lumborum. The iliocostalis lumborum 

muscle is the most inferior and lateral of the erector spi

nae muscles. It oliginates from the common origin of the 

erector spinae muscles, which includes the following: 

• Spinous processes and supraspinous ligament of 
TIl through L5 (supraspinous ligament ends be

tween L2-L4) 

• Median sacral crest 

• Sacrotuberous ligament 

• Posterior sacroiliac ligament 

• Lateral sacral crest 
• Posteromedial iliac crest 
The iliocostaliS lumborum muscle runs superiorly to 

insert onto the posterior and inJerior surfaces of the 
angles of the lower six to nine ribs. This muscle has 
the same function as the rest of the erector spinae, 

which is to extend and laterally flex the spine. The erec

tor spinae are all innervated by lateral branches of the 

posterior primary divisions (dorsal rami) of the nearby 

spinal nerves. 
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FIG. +2, conl'd. B, SelTarus posrerior superior and inferior muscles rhar make up layer 

rhree. Continued. 

Macintosh and Bogduk (1987), through a series of ele

gant dissections ,  further described the anatomy of the 

iliocostalis lumborum muscle . They found that part of 

this muscle originated from the posterior superior iliac 

spine and the posterior aspect of the iliac crest and 

inserted into the lower eight or nine ribs. They called 

this part the iliocostalis lumborum pars thoracis. 

Another part of the classically described iliocostalis lum

borum was found to originate from the tips of the lum

bar spinous processes and the associated middle layer of 
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FIG. '1-2, cont'd. C, D, and E, Splenius capitis and cervicis muscles of layer four and the le

vator scapulae muscle of layer two. C, Right posterior view. 

the thoracolumbar fascia of L1 to L4 (see Thoracolumbar 

Fascia) and to insert onto the anterior edge of the iliac 

crest . They called this part the iliocostalis lumborum 

pars lumborum and found that it formed a considerable 

mass of muscle . 

Iliocostalis thoracis. The iliocostalis thoracis mus

cle originates from the superior aspect of the angles of 

the lower six libs and inserts onto the angles of approx-

imately the upper sLx ribs and the transverse process of 

the C7 vertebra. This muscle extends and laterally flexes 

the thoracic spine and is innervated by the lateral 

branches of the postelior primary divisions (dorsal rami) 

of the thoracic spinal nerves. 

Iliocostalis cervicis. The iliocostalis cervicis ongl

nates from the superior aspect of the angle of the third 

through the sixth ribs and inserts onto the posterior 
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FIG. 4-2. cont'd. D, rught posterior view with the serratus posrerior superior muscle 

removed. E, rughr lareral view. 
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tubercles of the transverse processes of the C4 to C6 ver

tebrae . It lateraJJy flexes and extends the lower cervical 

region and is innervated by the dorsal rami of the upper 

thoracic and lower cervical spinal nerves. 

longissimus Muscles. The longissimus muscles are 

located medial to the iliocostalis group. The longissimus 

group is made up of thoracis, cervicis, and capitis divi

sions . The lateral branches of the posterior primary 

divisions (dorsal rami) of the mixed spinal nerves exit 

the thorax and then course laterally and posteriorly 

between the iliocostalis muscles and the longissimus 

thoracis muscle (Fig . 4-3, A). This fact is used in the 

gross anatomy laboratory not only to quickly find 

the lateral branches of the posterior primal)' divisions, 

but also to demonstrate the separation between these 

two large muscle masses . Mter providing motor and 

sensory innervation to the sacrospinalis muscle, the 

lateral branches continue to the dermis and epidermis 

of the back, providing these layers with sensory inner

vation . 

Longissimus thoracis. The longissimus thoracis 

is the largest of the erector spinae muscles . It arises 

from the common origin of the erector spinae muscles 

(see Iliocostalis lumbomm). In addition, many fibers 

originate from the transverse and accessol)' processes 

of the lumbar vertebrae . This muscle is extremely 

long, thus the name longissimus. It inserts onto the 

third through the twelfth ribs, between their angles 

and tubercles .  The longissimus thoracis also inserts 

on to the transverse processes of all 12 thoracic verte

brae. This muscle functions to hold the thoracic and 

lumbar regions erect, and when it acts unilaterally, it 

lateraJJy flexes the spine. It is innervated by lateral di

visions of the thoracic and lumbar posterior primary 

divisions . 

Macintosh and Bogduk ( 1987) found fibers of the lon

gissimus thoracis that are confined to the lumbar and 

sacral regions . These fibers originated from lumbar ac

cessol), and transverse processes and inserted onto the 

medial surface of the posterior superior iliac spine . The 

authors called these fibers the longissimus thoracis pars 

lumborum. 

Longissimus cervicis. The longissimus cervlcls 

muscle originates from the transverse processes of the 

upper thoracic vertebrae (Tl to T5) and inserts onto the 

posterior tubercle of the transverse processes and the ar

ticular processes of C3 through C6 and onto the poste

rior aspect of the transverse process and the articular 

process of C2. Unilateral contraction produces a combi

nation of extension and lateral flexion of the neck to the 

same side . The longissimus cervicis is innervated by lat

eral branches of the upper thoracic and lower cervical 

posterior primary divisions . 

Longissimus capitis. The longissimus capitis mus

cle derives from upper thoracic transverse processes (Tl 
to T5) and articular processes of C4 through C7. It in

serts onto the mastoid process of the temporal bone, and 

its action is to extend the head. If it acts unilaterally, the 

longissimus capitis can laterally flex the head and rotate 

it to the same side . It is innervated by the posterior pri

mary divisions of upper thoracic and cervical spinal 

nerves. 

Spinalis Muscles. The spinalis muscle group ongl

nates from spinous processes and inserts onto spinous 

processes, except for the spinalis capitis muscle . This 

muscle group is made up of thoracis , cervicis, and capi

tis divisions. 

Spinalis thoracis. The spinalis thoracis muscle 

fibers are the most highly developed of this muscle 

group . It originates from the lower thoracic and upper 

lumbar spinous processes (TIl to L2) and inserts onto 

the upper thoracic spinous processes (Tl to T4 and per

haps down to T8). Laterally, the fibers of this muscle 

blend with the fibers of the longissimus thoracis. The 

spinalis thoracis muscle functions to extend the thoracic 

spine. It is innervated by posterior primal)' divisions of 

thoracic nerves . 

Spinalis cervicis. The spinalis cervicis muscle origi

nates from upper thoracic spinous processes (Tl to T6) 

and inserts onto the spinous processes of C2 (occasion

ally C3 and C4). Maintaining the tradition of the erector 

spinae muscles, the spinaJjs cervicis functions to extend 

the cervical region. This muscle is usually quite small 

and frequently absent . 

Spinalis capitis. The spinalis capitis muscle differs 

from the other spinalis muscles in that it does not typi

caUy originate from or insert onto spinous processes. 

This muscle is difficult to differentiate from the more lat

eral semispinalis capitis muscle (see the following dis

cussion).  Its origin is blended with that of the semi

spinalis capitis from the transverse processes of the C7 
to the T6 or T7 vertebra, the articular processes of C4 to 

C6, and sometimes from the spinous processes of C7 and 

Tl. The fibers of this muscle blend with those of the 

semispinalis capitis and insert with the latter muscle 

onto the OCCiput between the superior and inferior 

nuchal lines . The spinalis capitis muscle is sometimes 

called the biventor cervicis muscle because an incom

plete tendinous intersection passes across it. When the 

left and right spinalis capitis muscles contract together, 

the result is extension of the head . Unilateral contraction 

results in lateral flexion of the head and neck and also ro

tation of the head away from the side of contraction. 

This muscle is innervated by upper thoracic and lower 

cervical posterior primary divisions .  
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FIG. 4-3 A, Fifth layer of back muscles of the right side. Continued. 

Sixth Layer 

The sL'(th layer of back muscles includes the deep back 

muscles with fibers that course superiorly and medially. 

They are sometimes referred to as the transversospinaLis 

group because they generaUy originate from transverse 

processes and insert onto spinous processes (Fig. 4-3, 
B to E). The muscles in this layer are arranged such that 

from superficial to deep, the length of the muscles 

becomes progressively shorter. Although the actions 

of these muscles are described separately, it must 

be remembered that these muscles, especially the 

shorter ones, function primarily in a postural role as 

stabilizers rather than as prime movers. This group is 

made up of the semispinalis, multifidus, and rotatores 

muscles. 

m �plll .. h... lust.! . The semispinalis muscles are 

located only in the thoracic and cervical regions and are 

divided into three parts: semispinalis thoracis, semi

spinalis cervicis, and semispinaliS capitis muscles (Fig. 4-
3, B to E). 

Semispinalis thoracis. The semispinalis thoracis 

consists of thin muscular fasciculi located between long 

tendons that attach inferiorly to the transverse processes 

of the lower six thoracic vertebrae and superiorly to the 

spinous processes of C6 to T4 (Fig. 4-3, C). The semi

spinalis thoracis is i1U1ervated by the medial branches of 

the posterior primary divisions of the upper six thoracic 

spinal nerves. 

Semispinalis cervicis. The semispinalis cervicis is a 

thicker mass of muscle that begins from the transverse 

processes of the upper five or six thoracic vertebrae 

(Fig. 4-3, D). It may also arise from the articular 

processes of the lower four cervical vertebrae. This mus

cle mainly inserts onto the spinous process of the axis, 

but also attaches to the spinolls processes of C3 to C5. It 

derives its innervation from the posterior primary divi

sions (dorsal rami) of the c6 to C8 spinal nerves. 

Semispinalis capitis. The semispinalis capitis is 

a thick, powerful muscle and represents the best-
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HG. 4·3, cont'd. B, Muscles of layer 

five and right semispinalis capitis mus· 

cle of the sixth layer. 

B 

developed portion of the semispinalis muscle group 

(Fig. 4·3,  B to D). It arises from the transverse processes 

of C7 to T6 and the articular processes of C4 to c6. The 

semispinalis capitis muscle inserts onto the medial part 

of the area between the occiput 's  superior and inferior 

nuchal lines. It is supplied by the dorsal rami of the first 

through sL"{th ceNical spinal nerves. 

When the muscles of both sides act together, the semi

spinalis thoracis and ceNicis function to extend the tho

racic and cervical portions of the spine , respectively, 

whereas unilateral contraction of these muscles rotates 

the vertebral bodies of those regions to the opposite 

side. The semispinalis capitis muscles together function 

to extend the head and, working separately, slightly ro

tate the head to the opposite side . 

Multitidu!> Mu�cks 
Multifidus lumborum, thoracis, and cervlclS. 

The multifidus muscles lie deep to the semispinalis mus

cles, where they fill the groove between the transverse 

and spinous processes of the vertebrae . Thjs group con

sists of multiple muscular and tendinous fasciculi that 

originate from the mamillalY processes of the lumbar 

vertebrae, the transverse processes of the thoracic ver-
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tebrae, and the articular processes of the lower four cer

vical vertebrae . These fasciculi ascend two to fOUf, or 

sometimes five, vertebral segments before inserting onto 

a spinous process. Multifidi insert onto all the vertebrae 

except the atlas. 

The multifidus muscles produce extension of the ver

tebral colum.n . They a lso produce some rotat ion of the 

vertebral bodies away from the side of contraction , and 

they are also active in lateral flexion of the spine. 

Recently, this muscle group was found to contract dur

ing axial rotation of the tnmk in either direction (Oliver 

& Middleditch , 1991). When the oblique abdominal 

muscles contract to produce trunk rotation, some flex

ion of the trun k is also produced. The multifidus muscles 

oppose this flexion component and maintain a pure ax

ial rotation, thereby acting as stabilizers during trunk ro

tation . The multifidus muscles are innervated segmen

tally by the medial branches of the posterior pril11aty di

visions of the spinal nerves. 

In the lumbar spine , where the multifidus grotlp is 

best developed, it is arranged into five bands, each at

taching superiorly to one lumbar spinous process 

(Macintosh et a I ., 1986). In each band the deepest fasci

cles acntally run from the mamiUalY process below to 
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Continued. 
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FIG. 4-3, cont'd. D, Semispinalis cervicis and multifidus cervicis muscles in a left posterior 

view of the upper cervical region. 

the lamina of the vertebra two segments above. The 

more superficial fasc icles are longer and run from mantil

lary processes to spinous processes three to five seg

ments above. In the lower lumbar spine the inferior at

tachments of the fascicles include the posterior aspect of 

the sacrum lying adjacent to the spinous tubercles, pos

terior sacro-iliac ligaments, posterosuperior iliac spine, 

and the deep surface of the erector spinae aponeurosis. 

Each band of multifidus lumborum is actually a my

otome arranged such that the fibers that move a particu

lar lumbar vertebra (i . e . ,  those that attach superiorly to a 

single spinous process) are innervated by the medial 

branch of the dorsal ramus of that segment's spinal 

nerve. For example, the multifidus inserting onto the 

spinous process of L2 is innervated by the medial branch 

of the dorsal ramus (posterior primary division) of L2. 
Specifically in the lumbar region, the multifidus pro

duces primarily extension (MaCintosh & Bogduk, 1 986). 
Rotation of the lumbar spine is seen only secondarily, in 

conjunction with extension. 

Rotatores lumborum, thoracis, and cervicis. The 

rotatores muscles are located deep to the multifidus 

group. They constitute the deepest muscle fasciculi 

located in the groove between the spinous and trans

verse processes. This groove runs the entire length of 

the vertebral column from sacrum to axis. The two 

groups of rotatores are determined by their length. 

The fascicles of the rotatores brevis begin on trans

verse processes and attach to the root of the verte

bral spinous process immediately superior. The fas

cicles of the rotatores longus have similar origins but 

insert on the root of the spinous process of the second 

vertebra above. The rotatores muscles are best devel

oped in the thoracic region and are only poorly devel

oped in the cervical and lumbar regions. Acting bilater

ally, these muscles help in extension of the spine, al

though unilateral contraction helps produce rotation of 

the spine such that the vertebral bodies move away from 
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FI( • .  +:i. cont'd. E, Semispinalis, multifidus, and rotatores 

longus a nd brevis muscles as they arise from a single left lower 

thoracic transverse process (transverse process of T i l) .  

the side contracted . The rotatores muscles' main func

tion probably is to stabilize the vertebral column . These 
muscles are segmenta l ly innervated by the medial 

branches of the postetior primary divisions of the spinal 
nerves. 

The muscles of the fifth and sixth layers may be torn 

(strained) during hyperflexion of the spine or while 
lifting heavy loads. The muscles of these layers are 
made up of many individual strands, and these individ
ual strands may tear near their musculotendinous 

junction. This tearing results in pain and tenderness, 

which may refer to neighboring regions (see Chapter 
1 1) .  Since many attachment sites of these muscles 
are rather deep, localizing the torn muscle during 
physical examination may be difficult. However, the 

costal attachments of the iliocostalis lumbomm and the 
iliac attachment of the longissimus thoracis are close to 
the surface, and pain from these muscles may be local

ized to these attachment sites during examination 

(Bogduk & Twomey, 1 99 1). 
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OTHER MUSCLES DIRECTLY ASSOCIATED 
WITH TIlE SPINE 

Suboccipital Muscles 

The subOCCipital muscles are a group of four small mus

cles located inferior to the occiput in the most superior 

portion of the posterior neck. They are the deepest mus

cles in this region ,  located under the trapeZiUS, splenius 
capitis, and semispinalis capitis muscles. The suboccipi
tal muscles consist of two rectus muscles, major and mi

nor, and two obliquus muscles, superior and inferior. 
These muscles are concerned with extension of the head 

at the atlan to-occipital joint and rotation of the head a t  

the atlanto-axial articulations. All are innervated b y  the 
posterior primary division of the Cl spinal nerve, which 
is also called the suboccipital nerve . The small number 

of muscle fibers per neu ron for this group of muscles 
ranges from three to five (Oliver & Middleditch, 1 99 1 ) .  
This high degree of innervation allows these muscles t o  
rapidly change tension, thus fine tuning the movements 

of the head and controlling head posture with a consid
erable degree of precision. 

Rectus Capitis Posterior Major Muscle. The rectus 

capitis posterior major muscle (Fig. 4-4) begins at the 

spinous process of C2, Widens as it ascends, and attaches 
superiorly to the lateral portion of the occiput 's  inferior 

nuchal line. When acting bilaterally, the rectus capitis 
posterior muscles produce extension of the head .  
Unilateral contraction turns the head s o  that the face ro
tates toward the side of the shortening muscle. 

ReClus Capitis Posterior Minor Muscle. The rectus 
capitis posterior minor muscle is located just medial to 

and partly under the rectus capitis posterior major (Fig. 
4-4). It attaches inferiorly to the posterior tubercle of the 

atlas and becomes broader as it ascends. It inserts on the 
medial portion of the occiput's inferior nuchal line and 

the area between that line and the foramen magnum. 
Contraction of this muscle p roduces extension of the 

head . 

ObUquus Capitis Inferior Muscle. The obliquus 

capitis inferior muscle (Fig. 4-4) is the larger of the two 

obliquus muscles. It originates on the spinous process 
of the axis, passes laterally and slightly superiorly to in
sert onto the transverse process of C l .  This muscle 

rotates the atlas such that the face is turned to the 

same side of contraction. The length of the transverse 
processes of the atlas gives this muscle a considerable 

mechanical advantage (Williams et a I . ,  1 989), 

Obliquus Capitis Superior Muscle. The obliquus 
capitis superior arises from the transverse process of the 
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FIG. 4-4 I l lustration (A) and photograph (6) o f  the suboccipital region. Three of the sub

occipital muscles-the rectus capitis posterior major, obliquus capitis inferior, and obliquus 

capitis superior-form the suboccipital triangle. The remaining suboccipital muscle, the rec

tus capitis posterior minor, lies medial to the triangle. Notice the vertebral artery and the pos

terior arcll of the atlas deep within the suboccipital triangle.  A and 6, Suboccipital muscles of 

the right and left sides, respectively. 

atlas (Fig. 4-4) . It becomes wider as it runs superiorly and 
posteriorly. This muscle inserts onto the OCciput be
tween the superior and inferior nuchal lines, lateral to 
the attachment of the semispinalis capitis, overlapping 
the insertion of the rectus capitis posterior major. Head 
extension and lateral flexion to the same side are pro
duced by contraction of this muscle. The left and right 
obliquus capitis superior muscles, in conjunction with 
the two rectus muscles of each side, probably act more 
frequently as postural muscles than as prime movers 
(Williams et aI . ,  1 989). 

Three of the four suboccipital muscles on each side of 
the upper cervical region form the sides of a suboccipi
tal triangle. The boundaries of each suboccipital triangle 
are the ( 1 )  obliqul1s capitis inferior, below and laterally; 
(2) the obl.iquus capitis superior, above and laterally; and 
(3) the rectus capitis posterior major, medially and some
what above. The roof of this triangle is composed of the 
splenius capitis laterally and the semispinalis capitis me-

dially. Deep to these muscles is a layer of dense fibrofatty 
tissue that also helps to form the roof. The floor of the 
triangle is made up of the posterior arch of the atlas and 
the posterior atlanto-occipital membrane. The suboccip
ital triangle contains the horizontal portion (third part) 
of the vertebral artery, the dorsal ramus of the C1 spinal 
nerve (suboccipital nerve), and the suboccipital plexus 
of veins. 

Intertransversarii Muscles 

The intertransversarii muscles (Fig. 4-5) extend between 
adjacent transverse processes. These muscles are most 
highly developed in the cervical region. The cervical in
tertransversarii usually begin at C 1 (although the muscle 
between C1 and C2 is often absent) and continue to T l .  
They consist of anterior and posterior subdivisions that 
run between adjacent anterior and posterior tubercles, 
respectively. The ventral ramus of the mixed spinal 



Obliquus capit is 
supenor m. 

Vertebral artery and 
posterior arch of ( 1  

Obliquus capitis 
inferior m. and 

greater occipital n .
--�======:: 

(dorsal ramus (2) 

Rectus capitis 
posterior major m. 

FIG. '!- ' l, ('nnl'd. For legend see opposite page. 

nerve exits between each pair of anterior and posterior 

intertransversarii muscles and innervates each anterior 

intertransversarius muscle. Each postetior intertransver

sarius muscle in the cervical region is further subdivided 

into a medial ancl lateral part. The posterior primary di

vision (dorsal ramus) of the mL'(ed spinal nerve fre

quently pierces the medial part of a posterior intertrans

versarius muscle, ami the medial branch of the posterior 

primary division innervates the medial part of this mus

cle. The anterior primalY division (ventral ramus) inner

vates the lateral part of the posterior intertransversarius 

muscle and , as mentioned previously, the anterior inter

transversarius muscle. The intertransversarii muscles 

function to flex the spine laterally by approximating ad-
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jacent transverse processes. They also help to stabilize 

adjacent vertebrae duting large spinal movements. 

The thoracic intertransversarii muscles are small 

and are usually only present in the lower thoracic re

gion . They are not divided into subdivisions and are 

innervated by tbe dorsal rami (posterior primary divi

sions). 

The lumbar intertransversarii muscles are found be
tween all lumbar vertebrae . As with the cervical inter

transversarii, the lumbar group of muscles divides into 

medial and lateral divisions. Each medial division passes 

from the accessolY process, mamillo-accessory ligament, 

and mamillary process of the vertebra above to the 

mamillary process of the vertebra below (Fig. 4-5). Each 
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FIG. 4-5 A, Suboccipital, cervical interspinales, and cervical intertransversarii muscles. B, 

Lumbar interspinalis and left and right lumbar intertransversarii muscles. Also illustrated is the 

mamillo-accessory ligament. Notice the intertransversarii mediales lumborum muscles on each 

side, taking part of their origin from the left and right mamillo-accessory ligaments. 



lateral intertransversarius muscle in the lumbar region 
can be further subdivided into an anterior and posterior 
division. The anterior division runs between adjacent 
transverse processes, and the posterior division mns 
from the accessory process of the vertebra above to the 
transverse process of the vertebra below. Both the ante
rior and the posterior divisions of the lateral intertrans
versarii muscles are innervated by lumbar anterior pri
mary divisions (ventral rami). The medial intertransver
sarii muscles are innervated by lumbar posterior primary 
divisions. 

The intertransversarii muscles are generally thought to 
flex the lumbar region laterally and stabilize adjacent ver
tebrae during spinal movement. However, the inter
transversarii muscles are short and lie close to the axes 
of motion for lateral flexion and rotation of the spine. 
This places them at a considerable biomechanical disad
vantage, and thus their usefulness as lateral flexors or sta
bilizers has been questioned (Bogduk & Twomey, 1 991).  
In addition, the intertransversarii and interspinales 
muscles have been found to possess up to six times 
more muscle spindles than the other deep back muscles. 
The large number of muscle spindles in these muscles 
has led Bogduk and Twomey (1991) to speculate that 
the intertransversarii muscles function as proprioceptive 
transducers, providing afferent information for spinal 
and supraspinal circuits. By adjusting and regulating 
neural activity to the back muscles, these circuits help to 
maintain posture and to produce smooth and accurate 
movements of the spine. 

Interspinales Muscles 

The interspinales muscles (Fig. 4-5) are small muscles 
that extend between adjacent spinous processes. They 
are located on each side of the interspinous ligament. 
Interspinales muscles are present as small, distinct bun
dles of fibers throughout the cervical region, beginning 
at the spinous processes of C2 and continuing to the 
spinous process of T1 . The thoracic interspinales mus
cles are variable and are located only in the upper and 
lower few segments. The lumbar region, as with the cer
vical region, has interspinales muscles mnning between 
all the lumbar spinous processes. They are innervated by 
the medial branches of the posterior primary divisions of 
spinal nerves. The interspinales muscles function to ex
tend the spine and may act as proprioceptive organs. 

Levator Costarum Mu cle 

The levator costamm (see Fig. 4-3, C) are muscular fas
ciculi that arise from the tips of the transverse pro
cesses of C7 to TI l and mn inferiorly and laterally, 
parallel with the posterior borders of the external in-
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tercostal muscles. The levator costarum brevis at
taches to the superior surface, between the tubercle 
and angle, of the rib immediately inferior to its origin. 
Sometimes, especially in the lower thoracic levels, 
fasciculi attach to the second rib below. These fasciculi 
are known as levator costanun longus muscles and are 
located medial to the brevis muscle originating from the 
same transverse process. The levator costamm elevate 
the ribs and may help laterally flex and rotate the tmnk 
to the same side. They are segmentally innervated by lat
eral branches of the posterior primary divisions (dorsal 
rami) of the spinal nerves. 

Muscles Associated With the Anterior 

Aspect of the Cervical Vertebrae 

The muscles associated with the anterior aspect of the 
cervical vertebrae include the longus colli , longus capi
tis, rectus capitis anterior, and rectus capitis latera lis 
(Fig. 4-6). These muscles are responsible for flexing the 
neck and occiput and may be injured during extension 
injuries of the cervical region. 

.OJlgll� { o  h �dc The left and right longus 
colli muscles (Fig. 4-6) are located along the anterior 
aspect of the cervical vertebral bodies. Each of these 
muscles is made up of three parts: vertical, inferior 
oblique, and superior oblique. Together the three parts 
of this muscle flex the neck. The superior and inferior 
oblique parts may also aid with lateral flexion. The infe
rior oblique part also rotates the neck to the opposite 
side. The longus colli muscle is innervated by branches 
of the anterior primary divisions of C2 to c6. This mus
cle is probably one of the muscles responsible for rever
sal of the cervical lordosis after extension injuries of the 
neck. The origins, insertions, and unique characteristics 
of the three parts of the longus coUi muscle are listed 
next. 

Vertical portion. The vertical portion of the longus 
colli originates from and inserts onto vertebral bodies. 
More specifically, this muscle originates from the ante
rior aspect of the vertebral bodies of C5 to T3 and inserts 
onto the vertebral bodies of C2 to C4. 

Inferior oblique portion. The inferior oblique por
tion of the longus colli muscle originates from the verte
bral bodies of T1 to T3 and passes superiorly and later
alJy to insert onto the anterior tubercles of the transverse 
processes of C5 and C6. 

Superior oblique portion. The superior oblique 
portion of the longus colli muscle originates from the an
terior tubercles of the transverse processes of C3 to C'i. 
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FIG. 4-6 Muscles associated 

with the anterior aspect of the cer

vical vertebrae and the occiput. 

Right, Three parts of the longus 

coll i muscle (vertica l ,  inferior 

oblique, superior oblique). Left, 
Longus capitis muscle. The rectus 

capitis <lntedor and lateralis mus

cles can also be seen as they pass 

from the atl<ls to the occiput. 

Longus capitis m .  

Its fibers course superiorly and medially and converge to 

insert onto the anterior tubercle of the atlas by means of 

a rather narrow tendon. This tendinous insertion can be 

torn during an extension injury of the neck. Such an in

jury can be followed by the deposition of calcium in the 

region, a condition known as retropi1al),ngeal calcific 

tendonitis . The calcium may be seen on x-ray film ap
proximately 3 weeks after injury and usually appears as 

an irregular and sometimes subtle region of  increased ra

diopacity located just anterior to the atlas . The calcium 

is usually resorbed as the injury heals and is then no 

longer visible on x-ray film. 

Longus Capitis Muscle. The longus capitis muscle is 

located anterior and slightly lateral to the longus colli 

muscle (Fig. 4-6). It originates as a series of thin ten

dons from the anterior tubercles of the transve rse 

processes of C3 to C6. The tendinous origins unite 

",,_�,-___ Rectus capit is 
latera l i s  m. 

Su perior 
obl ique part 

Longus col l i  m. 

to form a distinct muscular band tbat courses supelior ly 
toward the OCCiput . Tllis muscular band inserts onto the 

region of the OCCiput anterior to the foramen magnum 

and posterior to the phal)'ngeal tubercle . The longus 

capitis muscle functions to flex the head anel is inner

vated by branches of the anterior ptimary divisions of C I 

to C3 

Rectus Capitis Anterior M uscle. The rectus capitis 

anterior is a small muscle located deep to the inserting 

fibers of the longus capitis muscle (Fig . 4-6). It originates 

from the anterior aspect of the lateral mass ancl the most 

meclial part of the transverse process of the atlas. The 

rectus capitiS anterior muscle inserts onto the OCCiput 

just in front of the occipital condyle . This muscle func

tions to flex the head at the atlanto-occipital joints and is 

innervated by the anterior primary divisions of the first 

and second cervical nerves. 



Rectus Capitis Lateralis Muscle. The rectus capitis 
lateral is muscle is another small muscle. It originates 

from tbe anterior aspect of the transverse process of the 

atlas ancl courses superiorly to insert onto the jugular 
process of tbe occiput (Fig. 4-6). It laterally flexes the oc

ciput on the atlas and is innervated by the anterior pri

mary division of the first and second cervical nerves. 

Iliac Muscles 

The muscles of the il iac region are sometimes referred to 

as the posterior abdominal wall muscles. However, since 

they all have direct action on the vertebral column and 

are attached to the lumbar region, they may properly be 

classified as spinal muscles. All three of these muscles at

tach inferiorly onto either the pelvis or the femur and 

therefore also help connect the lower limb to the spine. 

They are the psoas major, psoas minor, and quadratus 
lum\)orum muscles (Fig. 4-7). 

Psoas Major and Iliacus Muscles. The psoas major 

muscle (Fig. 4-7) arises from the anterolateral portion of 

the bodies of T I 2  to 1 .5,  the intervertebral discs between 

these bones, and the transverse processes of all the lum

bar vertebrae. It descends along the pelvic blim, passes 

deep to the inguinal ligament and in front of the hip cap

sule, ancl inserts via a tendon onto the femur's lesser 

trochanter. The lateral side of the tendon of the psoas 

major muscle receives the bulk of the fibers of the iliacus 

muscle, and together they form what is sometimes 
loosely referred to as the iliopsoas muscle. The iliacus 

originates from the inner lip of the iliac crest, the upper 

two thirds of the iJ iac fossa, and the superolateral por

tion of the sacrum. It inserts with the psoas major onto 

the femur' s  lesser trochanter. 

The psoas major muscle, along with the iliacus mus
cle, functions primarily to flex the thigh at the hip. If the 

lower limb is stabilized, these muscles are concerned 

primarily with flexing the trunk and pelvis. They are im

portant in raising the body from the supine to the Sitting 

pOSition. Electromyographic evidence further suggests 
that the psoas major is involved in balancing the trunk 

when in the sitting position (Williams et aI., 1 989). 
When the neck of the femur is fractured, this muscle 

acts as a lateral rotator of the thigh, which results in the 

characteristic laterally rotated position of the lower 

limb. Both the psoas maj or and the iliacus muscles are 

usually innervated by fibers arising from the L2 and L3 

spinal cord levels. The iliacus muscle receives branches 

of the femoral nerve, and the psoas major muscle is sup
plied by direct fibers from the ventral rami of the L2-3 
spinal nerves. Sometimes the L 1  and L4 spinal nerves 

also send branches into the psoas major muscle. 

Psoas Minor Muscle. The psoas minor is a variable 

muscle, absent in about 40% of the population (Williams 
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et aI . ,  1 989) . When present, it is located on the anterior 

surface of the psoas major muscle. The psoas minor mus

cle attaches superiorly to the lateral aspect of the bodies 

of T I 2  and L1 and the in terposing intervertebral disc. It 

descends to attach inferiorly by a long tendon to the 

pecten pubis and the iliopubic eminence. The psoas mi

nor acts as a weak trunk flexor and is innervated by 

fibers arising from the anterior primaly division of the L 1  

spinal nerve. 

Quadratus Lumborum Muscle. The quadratus lum

borum (Fig. 4-7) lies along the tips of the transverse 

processes of the lumbar vertebrae and is irregularly 

quadrangular in shape. It attaches inferiorly to the trans

verse process of L5, the iliolumbar ligament, and the pos

terior aspect of the iliac crest adjacent to that ligament. 

Superiorly, the quadratus lumborum is attached to the 

lower border of the 1 2th rib and the tips of the trans

verse processes of L 1  to L4. If the pelvis is fixed, this 

muscle laterally flexes the lumbar spine. When both 

muscles contract, they help with extension of the spine. 
Each quadratus lumborum muscle also depresses the 

1 2th rib and aids in inspiration by stabilizing the origin 
of the diaphragm to the 1 2th rib . It is innervated by 

fibers from the ventral rami of the T 1 2  to L3 (sometimes 

L4) spinal nerves. 

MUSCLES TIlAT INDlRECll..Y INFLUENCE 
THE SPINE 
Muscles of Respiration 

All the muscles of respiration have attachments to ribs. 

In addition to aiding respiration, all these muscles are in
volved to some extent with stabilizing the thoracic cage 

during trunk movements. The muscles of respiration are 
composed of the following: those that connect adjacent 

ribs (intercostals), those that span across more than one 
rib (subcostals), those that attach ribs to the sternum 

(transverse thoracis), those connecting ribs to vertebrae 

(levator costa rum and serratus posterosuperior and pos
teroinferior), and the diaphragm. Since the levator 

costarum and posterior serratus muscles have vertebral 

attachments, they are considered true back muscles and 

are discussed in previous sections .  

Diaphragm. The diaphragm is the principal muscle 
of respiration (Fig. 4-7). It is a domelike musculotendi

nous sheet that is convex superiorly. It completely sepa

rates the thoracic and abdominal cavities, except where 
it bas apertures that allow for the passage of the esopha

gus, aorta, inferior vena cava, sympathetic trunks, and 

splanchnic nerves. This sheet consists of muscle fibers 
that attach to the entire border of the thoracic outlet. 

These fibers converge superiorly and medially ancl end 

as a central tendon. From anterior to posterior, muscle 

fibers arise from the posterior surface of the xiphoid 
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Psoas major m. ----100-
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FIG. -7 Iliac muscles and the diaplu·agm. The left and right crura of the diaphragm are 

prominently d isplayed. Also notice the left and right quadratus lumborum, psoas major, and il

iacus muscles. 

process, the deep surface of the lower six ribs and the.ir 

costal cartilages, interdigitations with the origin of the 

transversus abdominis muscle, the lateral and medial 

lumbocostal arches, and the first three lumbar vertebrae. 

The origins from the lumbar vertebrae form the left and 
r ight crura . 

The lateral lumbocostal arch, also known as the lateral 

arcuate ligament, is a thickening of the faSCia of the 

quadratus lumbomm muscle. It attaches medially to the 

transverse process of U ,  arches over the upper portion 

of the quadratus lumborum, and ends laterally on the 

lower border of the 12th rib . 

The medial lumbocostal arch , or medial arcuate liga
ment, is a similar stmcture, except it is associatecl with 

the psoas major muscle. This arch is also attached to the 

transverse process of Ll, but it arches�mediaUy over the 

psoas major and is connected to the lateral aspect of the 

body of Ll or L2 .  

The crura of  the diaphragm originate from the an

terolateral surfaces of the upper two (on the left) or 

three (on the right) lumbar vertebrae, their discs, and 

the anterior longitudinal ligament . The two cmra meet 

in the midline and arch over the aorta 's anterior aspect 

to fOlm what is sometimes called the median arcuate lig
ament . 

\V]:1en the diaphragm first contracts, the lower ribs 

are fixed; then the central tendon is drawn inferiorly 

and anteriorly . The abdominal contents provide res is-



tance to further descent of the diaphragm, which leads 

to protrusion of the anterior abdominal wall ("abdomi

nal" breathing) and elevation of the lib cage (" thoracic" 

breathing). The diaphragm is innervated by the left and 

right phrenic nerves, which arise from the ventral rami 

of C3 to C5. AJso, some afferent fibers from the periph

eral aspect of this muscle are carried in the lower six or 

seven intercostal nerves. These nerves, and the sensory 

fibers of the phrenic nerves, are responsible for the re

ferred pain patterns seen with some diaphragmatic dis

eases. 

L tl"Tnal, lntc..'rnal, and ln ol"rmost rntercostal 

\I u ... d .... . The intercostal muscles (Fig. 4-8, A) comprise 

three sets of superimposed muscles located between ad

jacent ribs . These sets of muscles consist of the external 

intercostal, internal intercostal, and innermost inter

costal muscles. 

The external intercostal muscles, 1 1  on each side, 

have attachments that extencl along the shafts of the 
ribs from the tubercles to just lateral to the costal car

tilages. More anteriorly, each is replaced by an apo

neurosiS, called the external intercostal membrane, 

which continues to the sternum. Each external inter

costal originates from the lower border of one rib 

and inserts onto the upper border of the adjacent rib 

below. The fibers of each are directed obliquely; in 

the posterior chest, they run inferolaterally, although at 

the front, they course inferomedially and somewhat an

teriorly. 

The 1 1  pairs of internal intercostal muscles are lo

cated immediately deep to the external intercostals. 

Their attachments begin anteriorly at the sternu m ,  or at 

the costal caltilages for ribs 8 through 1 0, and continue 

posteriorly to the costal angles. At that pOint, they are re

placed by an aponeurotic layer, termed the internal in

tercostal membrane, which continues posteriorly to the 

anterior fibers of the superior costotransverse ligament. 

Each internal intercostal muscle attaches superiorly to 

the floor of the costal groove and corresponding portion 

of the costal cartilage and runs obliquely inferior to its 

attachment on the superior surface of the adjacent rib 

below. The fibers of the internal intercostal muscles are 

arranged orthogonally to those of the external inter

costa Is. 

The fibers of the innermost intercostal muscles lie 

just deep to and run parallel with those of the in ternal 

intercostals. They are poorly developed in the upper 

thoracic levels but become progressively more pro

nounced in the lower levels. They are attached to 

the deep surfaces of adjacent ribs and are best devel

oped in the middle two fourths of the intercostal 

space. The intercostal veins, arteries, and nerves 

(from superior to infelior) can be found in the supe

rior aspect of the intercostal space passing between 
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the fibers of the internal and innermost intercostal 

muscles. 

Although the intercostal muscles play a role in respi

ration, their exact function is still controversial (Williams 

et at . ,  1 989). Confl icting evidence exists as to the actions 

of the varimls layers of the intercostals during inspiration 

and expiration. Results from stud ies using electromyog

raphy show differences in the activity of upper versus 

lower intercostals during the c l ifferent phases of respira

tion. In addition, activity has been recorded in the inter

costals during many tmnk movements, and they appear 

to act as stabilizers of the thoracic cage (Oliver & 
Micldleditch, 1 99 1 ). The intercostals are innervated by 

branches of the adjacent intercostal nerves. 

Subcostal Muscles . The subcostal muscles (Fig. 4-8, 
D) are musculotendinous fasciculi that are usually best 

developed only in the lower thorax. Each a rises from the 

inferior border of one rib, near the angle, and runs 

obliquely inferior to the second or third rib below. The 

fibers of the subcostals are parallel to those of the inter

nal intercostals. They probably help depress the ribs and 

are innervated by branches from adjacent intercostal 

nerves. 

Transversus Thoracis M u  .. dc..' .. . The transversus 

thoracis, or sternocostaLis, muscle is locatecl on the deep 

surface of the anterior thoracic wall (Fig. 4-8, B). It  orig

inates from the posterior surface of the inferior one third 

of the sternal body , posterior surface of the xiphoid 

process, and the posterior surfaces of the costal carti

lages of the lower three or four true ribs. It inserts onto 

the inferior and deep surfaces of the costal carti lages of 

the second through sixth ribs. The fibers of the muscle 

form a fanlike arrangement, with the upper fibers being 

almost vertically oriented and the intermediate fibers 

more obliquely oriented. The lowermost fibers not only 

are horizontal, but also are continuoLls with the most su

perior fibers of the transversus abdomi.nis muscle. The 

transversus thoracis pulls the costal cartilages, to which 

it inserts in an inferior direction. The transversus tho

racis muscle is innervated by the adjacent intercostal 

nerves. 

Anterolateral Abdominal Muscles 

Although the four muscles composing the anterolateral 

abdominal wall do not have direct attachments to the 

spine, they are involved in producing several move

ments of the tmnk, including flexion, lateral flexion, and 

rotation. They are also important as postural muscles 

and in increasing intraabdominal pressure. These mus· 

c1es include the external abdominal oblique, internal ab

dominal oblique, rectus abdominis, and transversus ab

dominis muscles. 
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Internal thoracic a. -------::;,---:---:-;:-.,.....,.::"-�-----.._":' 

I nternal i ntercostal m . ---�*"----"�--';" 
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f1(,. 4-8 A ,  Anterolateral view o f  the thoracic and abdominal walls. Upper aspect, Cutaway 

view of the medial intercostal spaces demonstrating the internal thoracic artery and vein. The 

externa.l intercostal muscle has been reflected between two ribs to show the internal i nter

costal muscle to best advantage . The external abdominal oblique muscle has also been re

flected and cut away to reveal the internal abdominal oblique muscle. 
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showing several intercostal space:; just laleral to rhe sternulll , 
D, Internal view of the posterior thoracic wa l l  showing sev

eral subcostal muscles. 
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EA'1ernal Abdominal Oblique Muscle. The external 

abdominal oblique (obliquus externus abdominis) (Fig. 

4-8, A) is the largest and most superficial of these 

muscles. It originates as eight muscular slips from the 

inferior borders of the lower eight ribs. The upper 

slips attach near the cartilages of the ribs, whereas the 
lower ones attach at a progressively greater distance 

from the costal cartilages. The serratus anterior, latis

simus dorsi ,  and sometimes the pectoralis major muscles 

interdigitate with these slips . The lower fibers descend 

almost verticaUy, attaching to approximately the anterior 

half of the outer lip of the iliac crest. The upper and mid

dle fibers pass inferomedially and become aponeurotic 

by the time they pass a line connecting the umbilicus 

and the anterior superior iliac spine .  The external 

oblique aponeurosis is a strong sheet of connective tis

s ue whose fibers continue inferomedially to the m idline, 

where they blend with the linea alba. The l inea alba is a 

tendinous raphe mnning in the midline from the xiphoid 

process to the pubic symphysis.  The inferior portion of 

the aponeurosis of the external oblique forms the in

guinal ligament, the reflected portion of that ligament, 

and the lacunar ligament. It also has an opening, the s u

perfiCial inguinal ring , that allows passage of the sper

matic cord in the male and the round ligament of the 

uterus in the female. The external abdominal oblique 

m uscle is innervated by the ventral rami of the T7 to T12 

spinal nerves . 

InternaJ Abdominal Oblique Muscle. The internal 

abdominal oblique (obliquus internus abdominis) (Fig. 

4-8, A), located immediately deep to the external 

oblique , originates from the lateral two thirds of the 

inguinal ligament, anterior two thirds of the iliac crest, 

and the thoracolumbar fascia. The uppermost fibers 

insert onto the lower borders of the lower three or 

four ribs and are continuolls with the internal intercos
tal muscles . The lowest fibers become tendinous and 

attach to the pubic crest and the medial portion of 

the pecten pubis. Here t hey are joined by the trans

versus abdominis aponeurosis, and together their muted 
insertion forms the conjOint tendon, or inguinal falx . 

The intermediate fibers diverge from their origin and be
come aponeurotic. The internal oblique aponeurosis 

continues toward the m idline, where it blends with the 

linea alba.  In the upper two thirds of the abdomen, this 
aponeurosis splits into two laminae at the lateral border 

of the rectus abdominis. These laminae pass on either 
side of that muscle before reuniting at the linea alba . In 

the lower one third of the abdomen, the entire aponeu

rosis , along with the inserting aponeurosis of the trans

versus abdominis, passes anterior to the rectus abdo

minis . The internal abdominal oblique m uscle is inner

vated by branches of the ventral rami of T7 to Ll spinal 

nerves. 

Transversus Abdominis Muscle. The transversus 

abclominis muscle is located deep to the internal ab

dominal oblique muscle. It arises from the lateral one 

third 'of the inguinal ligament or adjacent iliac fascia, 

anterior two thirds of the outer lip of the iliac crest, 

the thoracolumbar fascia between the iliac crest and 

1 2th r ib,  and the internal aspects of the lower sL'I: 

costal cartilages, where it blends with the diaphragm. 

The fibers of the transversus abdominis run basically 

in a horizontal direction and become aponeurotic. The 

lowest fibers of the transversus abdominis aponeurosis 

curve inferomediaUy amI, along with the fibers from 

the internal oblique aponeurosis , form the conjoint ten

don (see the preceding discussion). The rest of the fibers 

of this aponeurosis pass horizontally to the midline, 

where they blend with the linea alba. The upper three 

fourths of the fibers run posterior to the rect us abdo

minis, whereas the lower one fourth course anterior to 

this muscle . The transversm abdominis is innervated by 

the anterior primary divisions of the T7 to Ll spinal 

nerves. 

Recrus Abdominis Muscle 

The rectus abdominis muscle (Fig. 4-8, A) is a long , strap

like muscle extending the entire length of the anterior 

abdominal wal l. The linea alba forms the medial border 

of this m uscle and separates the two (right and left) . The 

lateral border of the rectus can usually be seen on the 

surface of the anterior abdominal wall and is termed the 

linea semilunaris. This muscle attaches inferiorly to the 

pubic crest (sometimes as far laterally as the pecten pu

bis) and also to ligamentous fibers anterior to the sym

physis pubis. In this region the left and right rectus ab

dominis muscles may interlace. Superiorly, this muscle 

attaches to the fiJth through seventh costal caltilages and 

the xiphoid process . Sometimes the most lateral fibers 

may reach the founh or even third costal cartilages . The 

rectus abdominis muscle is crossed by three horizontal 

fibrous bands called the tendinous intersections. They 

are usually found at the level of the umbiliCUS, the infe

rior tip of the xiphoid process, and halfway between 

these two points .  

The rectus abdominis muscle is enclosed b y  the 

aponeurosis of the abdominal obliques and tloansversus 

abdominis muscles. This aponeurosis is sometimes re

ferred to as the rectus sheath. In the upper portion of 

the anterior abdominal wall , the external oblique and 

the anterior lamina of the internal oblique aponeuroses 

pass anterior to the rectus, whereas the posterior lamina 

of the internal oblique and transverse aponeuroses lie 

posterior to the rectus . Approximately halfway between 

the umbilicus and pubic symphysis , this arrangement 

changes , forming a curved line known as the arcuate 

l ine. InJerior to this line, all three aponeurotic layers are 



found anterior to the rectus, and only the transversalis 
fascia (the layer of fascia deep to the anterolateral ab
dominal muscles) separates this muscle from the parietal 
peritoneum. Recent data show that this traditional de
scription of the rectus sheath may be too simplistic 
(Williams et aI . ,  1989). The rectus abdominis muscle is 
supplied by the anterior primary divisions of the lower 
six or seven thoracic spinal nerves . 

The abdominal muscles act to retain the abdominal 
viscera in place and oppose the effects of gravity on 
them in the erect and sitting positions. When the thorax 
and pelvis are fixed, these muscles, especially the 
obliques, increase the intraabdominal pressure. This is 
important for childbirth, expiration, emptying the blad
der and rectum, and vomiting. It is also the basiS of the 
Valsalva maneuver (increasing abdominal pressure for di
agnostic purposes). The external abdominal oblique can 
further aid expiration by depressing the lower ribs. If the 
pelvis is fixed, these muscles, primarily the recti, bend 
the trunk forward and flex the lumbar spine. If the tho
rax is fixed, the Iwnbar spine still flexes, but the pelvis is 
brought upward. With unilateral contraction the trunk is 
laterally flexed to that side. In addition, the external 
oblique can help produce rotation of the trunk away 
from the side of contraction, whereas the internal 
oblique turns it to the same side. The transverse abdo
miniS muscle probably has an effect only on the abdom
inal viscera and does not produce any appreciable move
ment of the vertebral column, although in light of the 
more recent description of the rectus sheath, rotational 
movements are a distinct possibility (Williams et aI . ,  
1989). 

OTHER MUSCLES THAT HAVE CLINICAL 
RELEVANCE TO THE BACK 

An important component of posture and locomotion 
is the tilting of the pelvis on the heads of the femurs 
in an anteroposterior direction. Movement of the an
terior portion of the pelvis in a proximal direction 
(i . e . ,  bringing the pubic symphysis toward the umbili
cus) is termed backward tilting and involves flexion 
of the lumbar spine. Tilting of the pelvis in the oppo
site direction tends to extend the lumbar spine. This for
ward tilting of the pelvis is accomplished by contraction 
of the erector spinae and psoas major muscles. 
Backward tilting of the pelvis is accomplished not only 
by the rectus abdominis and the two oblique abdominal 
muscles, but also by the hamstring and gluteus maximus 
muscles (Fig. 4-9). Imbalance of the muscles responsible 
for pelvic tilt is often seen in people with low back pain. 
These individuals may have shortened and tight psoas 
major and erector spinae muscles combined with weak
ened gluteal and abdominal muscles (Oliver & 
Middleditch, 199 1) .  
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Tensor fascia lata m .  ---# 

Pi riformis m .  

I 
/ 

J 

Gluteus maximus m. ---I-jl----'ftr 

Semimembranosus m. ---th+_--!..C 

I l iotibial trn'ct----t\'1\-t 

Semitendinosus m .  

Biceps femoris m .  

Lateral and  media l  
heads of gastrocnemius m .  

FIG. 4-9 Muscles of the posterior thigh. Inset, Piriformis 

muscle. 

Hamstring Muscles 

The posterior group of thigh muscles, commonly known 
as the hamstrings, acts to extend the hip and flex the 
knee joints. The three muscles in this group are the semi

tendinOSUS, semimembranosus, and biceps femoris. The 
latter muscle has two heads of origin, long anel short 
(Fig. 4-9). 

With the exception of the short head of the biceps 
femoris, all three of these muscles attach proximally 
to the ischial tuberOSity. The short head of the hi
ceps femoris arises from the lateral l ip of the linea as
pera and lateral supracondylar line of the femur. The 
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semitendinosus and �emimembranosus muscles are lo

cated posteromed ial in the thigh, whereas the biceps 

femoris is posterolatera l .  

Semitendinosus ," usdc. T h e  semitendinosus, a s  its 

name implies, becomes tendinous about halfway along 

its course (Fig. 4-9). This long tendon curves around the 

medial tibial condyle , passes superficial to the tibial col

lateral ligament, and ends by attaching to the superior 

portion of the medial suiface of the tibia i mmediately be

low and posterior to the a ttachment sites of the sartorius 

and gracil is  muscles.  This grouping of muscular inser

tions is sometimes known as the pes anserine. The semi

tendinosus muscle is innervated by the tibial portion (L5 , 
5 I ,  52) of the sciatic nerve. 

",cmirncmbranosus \1usclc. The semimembranosus 

muscle (Fig. 4-9) a rises as a tendon and expands into an 

aponeurosis that is deep to the semitendinosus. The 

muscular fibers arise from this aponeurosis. The semi

membranosus ends primarily on the posterior aspect of 

the medial tibial condyle via a short tendon. It also sends 

slips laterally and superiorly, some of which help form 

the oblique popliteal ligament. The semimembranosus 

muscle is innervated by the tibial portion (L5 , S l ,  S2) of 

the sciatic nerve. 

Hin'ps Femoris M m.dc. The short head of the bi

ceps femoris joins the belly of the long head of the bi

ceps femoris on its deep surface as it descends in the 

thigh. After the two heads unite, the biceps femoris mus

c le gradually narrows to a tendon that attaches to the 

head of the fibula, the fi bular collateral ligament, and the 

lateral tibial condyle (Fig. 4-9). 

• • • 

Wllen these muscles contract, they produce flexion at 

the knee and extension at the hip .  When the thigh is 

flexed, the hamstring muscles, especially the biceps 

femoris, help tilt the pelvis backward. Tight hamstrings 

are sometimes associated with low back pain. The long 

head of the biceps femoris muscle is innervated by the 

tibial portion (1.5, S l ,  S 2) and the short head by the per

oneal portion (L5, S 1 ,  S2) of the sciatic nel-ve . 

Gluteus Maximus Muscle 

The most superficial muscle in the gluteal region is the 

gluteus maximus (Fig. 4-9). It is considered the body' s  

largest muscle. I ts large size i s  a characteristic feature of 

the human musculature and is thought to be a result of 

its role in attaining an upright posture (Williams et a I . ,  

1 989). It originates from t h e  area of t h e  ilium posterior 

to the posterior gluteal l ine. It also takes origin from 

the erector spinae aponeurosis, posterior and inferior 

sacrum, lateral coccyx, sacrotuberous ligament, and the 

fascial covering of the gluteus medius. The fibers of the 

gluteus maximus run i nferolaterally and attach distally to 

the il iotibial tract and gluteal tuberosity of the femur be

tween the attachment sites of the vastus lateralis and ad

ductor magnus. 

\X'hen the pelvis is fixed , the gluteus maximus can ex

tend the thigh from a flexed position. It also helps in 

strong lateral rotation of the thigh. Its upper fibers are 

active in strong abduction at the hip.  If the thigh is sta

bilized , this muscle , along with the hamstrings, helps ro

tate the pelvis posteriorly on the femur heads, as in ris

ing from a stooped position. By virtue of its attachment 

to the i l iotibial tract, the gluteus maximus aids in stabi

Lizing the femur on the tibia. It is also important for 

its intermittent action in various phases of normal gait. 

This muscle is  innervated by the inferior gluteal nel-ve 

(L5 to 52) 

Piriformis Muscle 

The piriformis is  a pear-shaped muscle lying deep to the 

gluteus medius (Fig. 4-9). It arises from the anterolateral 

sacrum by three musculotendinous slips . It also origi

nates from the gluteal surface of the ilium (in proximity 

to the posterior inferior i l iac spine), the capsule of the 

adjacent sacro-i1iac joint, and sometimes from the ante

rior suiface of the sacrotuberous l.igament. The piri

formis exits the pelvis via the greater sciatic foramen. 

The piriformiS is the largest structure within the fora

men. It attaches distally by a tendon to the upper border 

of the femur's greater trochanter. Normally, this muscle 

lies immediately superior to the sciatic nerve as it exits 

the greater sciatic foramen, but sometimes the common 

peroneal portion of the sciatic nerve pierces the piri

formis and splits it. Entrapment of the nerve at this loca

tion is sometimes termed piriformiS syndrome. With 

contraction, this muscle produces lateral rotation of the 

extended thigh. If  the thigh is flexed, abduction at the 

hip occurs. It is innervated by branches from the ventral 

rami of the L5 to S2 spinal nerves. 

Rectus Femoris Muscle 

The quadriceps femoris is the great extensor' muscle of 

the leg. This muscle consists of four parts: vastus later

alis, vastus interemedius, vastus medialis, and rectus 

femoris muscles. Three parts of this muscle, the vasti 

muscles, originate on the femur, but the rectus femoris 

arises from the pelvis. The rectus femoris muscle begins 

as two (or three) heads.  The straight head attaches to 

the anterior inferior iliac spine, and the reflected 

head attaches to the superior rim of the acetabulum 

and capsule of the hip. Sometimes a recurrent head 

that arises from the anterosuperior angle of the femur's 
Text continued on jJ. 107 



Table 4-2 Summary of Muscles Affecting th Spi ne 

Muscle 

layer one 

Trapezius 

Latissimus dorsi 

layer two 

Rhomboid major 

Rll0mboid minor 

Levator scapulae 

layer three 

Serratus posterior 

superior 

Serratus posterior 

inferior 

layer fOllr 

Splenius cap itis 

Splenius cervicis 

Origin Insertion 

Superior nuchal l ine,  ex- Spine of the scapula, 
ternal OCCipital protu
berance, ligamentum 

nuchae, spinous pro
cesses and supra

spinous ligament of 
C7-T 1 2  

Spinous processes a nd 
supraspinous ligament 

of T6-L5, th oracolum
bar fascia, median 

sacral crest, iliac 
crests, lower fOllr ribs 

Spinous processes and 
supraspinolls liga
ments (T2-5) 

Lower portion of liga
mentum nuchae, spi

nous processes (C7 
and T I) 

Transverse processes 

(CI -4) 

Spi nous processes and 
supraspinous ligament 
(C7-T3) 

Spinous processes and 

supraspinous ligament 
of T l I -L2(3) 

Lower part of Iigamen
tllm nuchae and spi

nous processes of C7-

T3(4) 
Spinous processes (T3-6) 

acromion process, dis
tal third of clavicle 

Intertuberc ular groove 
of the h u merus (be

tween insertions of 
pectoralis major and 
teres major) 

Medial border of scapula 

inferior to root of 
scapular spine 

Medial border of scapula 
at  level of root of  

scapular spine 

Medial border of scapula 

above root of scapular 
spine 

Posterior and superior 
aspect of second 
through fifth ribs 

Posterior a nd inferior 
surfaces of lower fo ur 
ribs (9- 1 2) 

Mastoid process, tempo

ral bone, and occiput 
below lateral parr of 
superior nuchal line 

Transverse processes of 

C l -3(4) 
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Action 

See Table 4 - 1  

Adduction, internal rota

tion, a nd extension of 

the h u merus 

Retract scapula, rorate 
point of shoulder 

down 
Retract sca pula,  rotate 

point of sh oulder 
clown 

If  neck stabilized: elevate 
scapula,  rotate point 
of shoulder down 

If scapula stabilized: bi

laterally-extend 
neck; uni latera lly
lateral flex aod rotate 
neck to same side 

Aids respiration, raises 
seconel through fifth 
ribs 

Aids re�piration, lowers 
ninth through twelfth 
ribs 

Bilaterally: extend head 
Uni laterally: lateral flex 

and rota te face to 

same side 
Bilaterally: extend neck 
Unilaterally: lateral flex 

and rotate neck to
ward same side 

In nervat ion 

Motor: spinal portion of 

accessory (spinal ac
cessory I cra nial  ne rve 

XI ] )  
Sensory (propri ocep

tion): ventral ra mi of 
C3-4 

Thoracoc\orsal (<:6-8) 

Dorsal scapular (C5) 

Dorsal scapular (<:5) 

Ve11lral rami of C)-4 , dor
sal scapular (C5) 

Ventral rami of T2-S (in
tercostal nerves) 

VerHl-al ra mi  of T9- 1 2  
(lower three inter
costal nerves and sub
costal ne rve) 

Lateral branches of dor

sal rami of midcervical 

spinal nerves (C3-5) 

Lateral I)ranches of dor
sal ram i  of lower cervi
cal spinal ne rves 
(C5-7) 

Continued. 
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Table 4-2 Summary of Muscle " Affecting the Spine-cont'd 

Muscle 

Layer five 

Iliocostalis lumbo-

rum 

Origin Insertion 

Common origin of erec- Angles of lower six to 

tor spinae muscles: nine ribs 

spinous processes and 

supraspinous ligament 

of Tl I -L5, median 

sacral crest, sacro-

tuberous ligament, 

posterior sacroiliac lig-

ament, lateral sacral 

crest, posteromedial il-
iac crest 

Action 

Extend and lateralJy flex 

spine 

Iliocostalis thoracis Angles of lower six ribs Angles of upper six ribs Extend and laterally flex 

Iliocostalis cervicis Angles of third through 

sixth ribs 

Longissimus tho-

racis 

Common origin of erec-

tor spinae muscles 

(see iliocostalis lumbo

rum), also transverse 

and accessory 

processes of all lum

bar vertebrae 

Longissimus cervi- Transverse processes of 

cis upper thoracic verte-

brae (T l-5) 

Longissimus capitis Upper thoracic trans

verse processes (TI -5) 

and articular processes 

CO 

Spinalis thoracis Lower thoracic and up-

per lumbar spinous 

processes (I'l l -L2) 

Spinalis cervi cis Upper thoracic spinous 

processes (T 1-6) 

Spinalis capitis Transverse processes of 

Layer six 

Semispinalis tho

racis 

C7-T6(7), articular 

processes of C4-6, 

sometimes spinous 

processes of C7 and 

Tl 

Transverse processes 

(T7-1 2) 

and transverse process spine 

of 0 
Posterior tubercles of Extend and lateralJy flex 

transverse processes 

of C4-6 

Third through twelfth 

ribs, transverse 

processes of all  1 2  

thoracic vertebrae 

Transverse processes 

and articular 

processes of c2-6 

Mastoid process tempo

ral bone 

Upper thoracic spinous 

processes (TI-4 , some

times down to T8) 

Spinous processes of C2 

(occasionally C3 and 

C4) 

Occiput between supe

rior and inferior 

nuchal lines 

Spinalis processes of 

fOllr to six vertebrae 

above (C6-T4) 

spine 

Extend and laterally flex 

spine 

Extend and laterally flex 

spine 

Extend and laterally flex 

head 

Extend spine 

Extend spine 

Extend head 

Bilateral ly: extend tho

racic spine 

Unilaterally: extend ,  lat

erally flex, and rotate 

vertebral bodies of 

thoracic spine to op

posite side 

Innervation 

Lateral branches of dor

sal rami of nearby 

spinal nerves 

Lateral branches of dor

sal rami of nearby 

spinal nerves 

Dorsal rami of nearby 

spinal nerves 

Lateral branches of dor

sal rami of nearby 

spinal nerves 

Lateral branches of clor

sal rami of nearby 

spinal nerves 

Lateral branches of dor

sal rami of nearby 

spinal nerves 

Dorsal rami of nearby 

spinal nerves 

Dorsal rami of nearby 

spinal nerves 

Dorsal rami of upper tho

racic and lower cervi

cal spinal nerves 

Medial branches of dor

sal rami of Tl-6 
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Table 4 - 2 Sum mary of Muscles Affecting the 

Muscle 

Semispinalis 

cervicis 

Semispinalis 

capitis 

Multiill1us 

Rotatores (Iumbo

rum, thoracis, 

cervicis) 

Origin 

Transverse processes 

(1' 1-5), articular 

processes (C4-7) 

Transverse processes 

(C7-T6), articular 

processes (C4-6) 

Posterior sacntm, Ll-5 
mamilla!)' processes, 

T J - J 2 transverse 

processes, C4-7 artiCLI

lar processes' 

Transverse processes 

Suboccipital muscles 

Rectus capitis pos- Spinous process (C2) 
terior major 

Rectus capitis [105- Posterior tubercle (Cl)  
terior minor 

Obliquus capitis Spinous process (C2) 
inferior 

Obliquus capitis Transverse process (C J )  

superior 

Small muscles of the spine 

intertransversarius' Transverse process 

interspinalis 

l.evator costarum 

(longus and 

brevis) 

Spinous process 

Lateral aspect of trans

verse processes (C7-

Ti l )  

'See text for further details. 

Insertion 

Spinous processes of 

four to six vertebrae 

above (C2-3) 

Occiput between medial 

portions of superior 

and inferior nuchal 

l i nes 

Spinous processes two 

to four segments 

above (C2-L5Y 

Spinous processes; 

longus ascends two 

vertebral segments, 

brevis ascends one 

vertebral segment 

Lateral portion of infe

rior nuchal tine 

Medial portion of infe

rior nuchal line 

Transverse process (C l)  

Occiput between lateral 

portions of superior 

and infelior n uchal 

l ines 

Action 

Bilaterally: extend neck 

Unilaterally: extend, lat

erally flex, and rotate 

neck to opposite side 

BiLaterally: extend head 

Unilaterally:  s light rota

tion of face to oppo

site side 

Bilaterally: extend spine 

Unilaterally: extend,  Lat

eral ly flex, and rotate 

vertebral boelies to op

posite side 

Bilaterally: extend spine 

UniLaterally: rotate verte

bral bodies to oppo

site side 

BilateraUy: extend Ilead 

Unilaterally: rotate face 

toward same side 

Extend head 

Rotate face toward same 

side 

Bi laterally:  extend heael 

Unilaterally: lateral flex 

head to same side 

Transverse process of ad- Lateral flexion of verte-

jacent vertebra bra (approximates 

transverse processes) 

Spinous process of 

adjacent vertebra 

Brevis: rib immediately 

below 

Longus: second rib be

low 

Extend spine (approxi

mate spinous 

processes) 

ELevate ribs, may help 

laterally flex and rotate 

trunk to same side 

Innervation 

Dorsal rami of C(}"8 

Dorsal rami of c l-6 

Medial branches of dor

saL rami of spinal 

nerves 

Medial branches of dor

sal ram i  of spinal 

nerves 

Suboccipital (dorsal ra

mus of Cl)  

Suboccipital (dorsal ra

mus of C l )  
SubOCCipital (dorsaL ra

mus of C l )  
SubOCCipital (dorsaL ra

mus of C l )  

Medial part o f  posterior 

in tertransversa ri us: 

dorsal ramus of spinal 

nerve 

Antelior intertransversar

ius and lateral part of 

posterior intertransver

sari us: ventral ramus 

Medial branch of dorsaL 

rami 

Segmentally innervated 

by Lateral branches of 

dorsal rami of spinaL 

nerves 

Continued. 
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Table 4-2 Summary of M uscles Affecting the pine -cont' d 

Muscle Origin Tnsertion 

Muscles of the anterior aspect of the cervical vertebt-ae 

longus colli (verti

cal part) 

Longus coll i  ( infe

rior oblique 

part) 

l.ongus colli (supe-

rior obi iq ue 

part) 

Longus capitis 

Anterior aspect vertebral 

bodies (C 5-T)) 
Vertebral bodies (1' 1 -3) 

Anterior tubercles of 

transverse processes 

(C3-5) 
Anterior tubercles of 

transverse processes 

(0-6) 
Rectus capitis ante- Anterior aspect of lateral 

riar mass of atlas 

Recrus capi tis lat- Anterior aspect of trans-

eralis verse process (C l )  

Iliac muscles 

Psoas major 

I liacus 

Psoas minor 

Quadratus lumbo

nlln 

Anterolateral bodies 

(1' 1 2-L5) , discs (T 1 2-

IA) , transverse 

processes (l l -5) 

Medial lip of i l iac crest, 

iliac fossa, superolat

eral sacru m 

Bodies (T1 2-Ll) ,  disc 
Cf' 1 2) 

Transverse process (l5), 

i l iolumbar ligament, 

posterior ponion of i l

iac crest 

Muscles of respiration 

Diaphr:lgm Xiphoid process, deep 

External inter-

castals 

Internal inter

cosrals 

surface of lower six 

ribs and their costal 

cartilages, lateral a nd 

medial lumbocostal 

arches and bodies 

(L l -:'» 

Lower border ribs ( 1 - 1 1 )  

from tubercles to 
costal cart i lages 

Lower border ribs ( l - 1 1 )  

from sternum/costal 

cartilage to angle 

Anterior aspect vertebral 

bodies (C2-4) 
Anterior tubercles of 

t.ransverse processes 

(C5 and C6) 

Anterior tubercle (C 1 )  

Anterior occiput 

Occiput (anterior to oc

cipital condyle) 

Occiput (jugular pro

cess) 

Lesser trochanter (with 

i liacus) 

lesser trochanter (with 

psoas major) 

Pecten pubis, i l iopubic 

eminence 

Lower border of 1 2th 

rib ,  transverse 

processes ( U -4) 

Central tendon 

Upper border of adja

cent rib below from 

tubercles to costal car

tilages 

Upper border of adja

cent rib below from 

sternum/costal carti

lage to a ngle 

Action 

Flex neck 

Flex neck, aid with lat

eral flexion of neck to 

same side, rotate neck 

to opposite side 

Flex neck, aiel with lat

era 1 flexion of neck to 

same side 

Flex heael 

Flex head at a tlanto

occipital joints 

Laterally flex occiput on 

atl<ls 

If spine stabil ized : flex 

thigh 

If thigh stabilized: tJex 

trunk, ti lt  pelviS for

ward 

See psoas major 

Tllnervation 

Ventral ram i  of C2-6 

spinal nerves 

Ventral rami of lower 

cervical spinal nerves 

Ventral r<lmi of upper 

cervical spinal nerves 

Ventral rami of C 1 -:3 

Ventra l rami of C I and 

C2 

Ventral rami of C l  and 

C2 

Ventra l  r:JOl i of L2-:3 

Femoral ( L2-3) 

Flex trunk Ventral ramus of U 

Bilaterally: extend spine, Ventral rami  of T 1 2-l3 

depress 1 2th rib, stabi-

lize origin of di-

aphragm to 1 2th rib 

Unilaterally: lateral flex 

spine 

Inspiration, stabilize 

thorax 

Respiration, stabil ize 

thorax 

Respiration ,  stabilize 

thorax 

Phrenic (CV5), lower six 

intercostals (afferent 

only) 

Adjacent intercostals 

Adjacent intercostals 
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Muscle 

I rlllermost i nrer

costals 

Subcostal 

Transversus tho

racis 

Origin 

Lower border ribs ( l - 1 1) 

in middle two fouI1hs 

of in tercostal space 

Inferior border ribs 

( 1 - 1 0) near angle 

Deep slltiace of i nferior 

sternal body, xiphoid 

process, costal carti

lages (4-7) 

Insertion 

Upper border of adja

cent rib below in mid

dle two fourths of in
tercostal space 

5upelior border of sec

ond rib below 

Deep surface of costal 

ca rtilages (2-6) 

Anterolateral abdominal muscles 
External abdomi

nal oblique 

Internal abdominal 

oblique 

Transversus abdo

minis  

Rectus abdominis 

Hamstring muscles 
Semitendinosus 

Inferior borders of lower Linea alba, i liac crestO 

eight ribs" 

Lateral two thirds of in- Pecten pubis, pubic 

guinal ugament, ante- crest, linea alba" 

lior i liac crest, thora-

columbar fascia 

Lateral two thirds of in- Linea alba" 

guinal ligament, ante-

rior i liac crest, thom-

columbar fascia, lower 

six costal cartilages 

Pubic crest, symphysis 

pubis 

Ischial tube rosity 

Costal cartilages (5-7), 

xiphoid process 

Medial tibia (pes 

anserine) 

Semimembranoslls Ischial ruberosiry Posterior aspect of me· 

dial  tibial condyle" 
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Action 

Respiration, stabilize 

thorax 

Innervation 

Adjacent intercostaIs 

Depress ribs Adjacent intercostals 

Depress costal cartilages Adjacent intercostals 

Bilateral ly :  flex spine, t i lt  

pelvis bac!Gvard 

Unilaterally:  lateral flex 

spine to same side, ro

tate spine to opposite 

side 

Bilaterally:  flex spine, tilt 

pelvis backward 

Unilaterally: lateral flex 

and rotate spine to 

same side 

Unilaterally:  rotate spine 

to same side 

Ventral rami of T7- 1 2  

Ventral rami o f  T7- L l 

Ventral rami of T7-LJ 

Bilaterally: flex spine,  tilt Ventral rami of T7- 1 2  

pe lvis backward 

Uni laterally: lateral flex 

spine 

If leg stabilized : extend 

thigb, tilt pelvis back

ward 

If thigh stabilized: flex 

leg 

if leg stabil ized: extend 

thigh, tilt pelvis back

ward 

If thigh stabilized: flex 

leg 

Tibial division of sciatic 

nerve (L5, S 1 ,  52) 

Tibia] d ivision of sciatic 

nerve (L5 , S 1 ,  52) 

Biceps femoris Long head: ischial tuber- Fibular head, fibular col· Long head: if leg stab i- Long head: tibial division 

of sciatic nelve (L5, 

5 1 , 52), 

osity 

Short head: linea aspera, 

lateral supracondylar 

line of femur 

·See texi for further details. 

lateral ligament, lateral 

t ibial condyle 

lized-extend thigh , 

tilt pelvis backward 

Both heads: if thigh srabi· 

lized-flex leg 

5hort head : peroneal d i· 

vision of sciatic nelve 

(L5 , 5 1 ,  52) 

Contil/ued. 
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Table 4-2 Summary of Muscles Affecting the pine-col1t' d  

Muscle Origin Insertion 

Muscles attaching to the sacrum and ilium 

Action Innervation 

Gluteus maximus I l ium, posterior-to-poste- Gluteal tuberosity, i l io- If pe lvis stabilized: ex

tend, abduct, and lat

erally rotate thigh 

I n ferior glutea l CL5-52) 

Rectus femoris 

Piriformis 

rior gluteal l ine,  apo- tibial tract 

neurosis of erector 

spinae, posterior 

sacrum, lateral coc-

cyx, sacrotuberous lig-

ament 

Straight head : anteroinfe- Base of pate lla 

rior iliac spine 

Reflected head : acetabu-

lum, capsule of hip'  

Anterolateral sacnun, Greater trochanter 

gluteal surface of il-

i l lm , capsule of 

sacroiliac jOint 

'Set: text for further details, 

If thigh stabilized: tilt 

pelvis backward ,  stabi

lize knee 

If thigh stabilized: ex- Femoral (L2-4) 

tend leg, tiJt pe lvis for-

ward 

If pelvis stabiJized: flex 

hip 

If thigh extended: later- Ventral rami of 1.5-52 
ally rotate hip 

If thigh flexed : abduct 

hip 

SllMMARY OF ACI'IONS 01: SPINAL MUSC LE.."i ' 

TilE HEAD AT THE ATL , I'OAXlAL AND AHAl OOCOPITAL jOlNl'S 
/.aler" "Jle. ;Ort 

Trapezius 

Semispinalis capitis 

( Spinalis Glpitis) 

Rectus capitis posterior major 

Rectus capitis posterior minor 

Obliquus capitis superior 

Splenius capitis 

Longissimus capitis 

Fl- '1m 
Longus capitis 

Rectus capitis anterior 

Sternoclt'idomasroid 

M lJSClI:S CTING ( )  THE CER Ie L REGION 
E'.\·fell." 'OJ 

Levator scapulae 

Splenius capitis 

Splenius cervicis 

Longissimus capitis 

Longissimus cervicis 

(Spinalis capitis) 

(Spinalis ccrvicis) 

I l iocostalis ccrvicis 

Semispinalis capitis 

Semispinalis cervicis 

Multifidus 

Imcrspinaks 

Trdpezius 

Sternocleidomastoid 

Sp lenius capitis 

Longissimus capitis 

Semispinalis capitis 

Rectus capitis lalCralis 

Ohliquus capitis superior 

qo l lfoll 
Splenius capitis, same side 

Longissimus capitis, same side 

Obliquus capitis inferior, same side 

Longus capitis, same side 

Rectus capitis posterior major, same side 

Trapezius, opposite side 

Sternocleidomastoid, opposite side 

Fl y/vr 
Sternocleidomastoid 

Longus capitis 

Longus colli 

Scalenus anterior 
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_ SUM MARY OF ACnONS OIl SPIN .\l. �tt JS<:I .E S�·(lnt · d 

l\H1SCLES ACTING O. ' THE ( ERV]CAI. REGIO. '-cont'd 

1I1tera/./It-, . iOIl 
Sterl1<lcleiuomastoiu 

Scalenus anterior 

Scalenus meuius 

Scalenus posterior 

Splenius capitis 

Splenius cervicis 

Levator scapulae 

Longissimus capitis 

Longissimus cervicis 

Iliocostalis cervicis 

Semispinalis cervicis 

Trapezius 

Intertransversarii 

MtJ:< U: AUl G ), 'IJ IE  TRlIN • 

HC''I;fm 
Psoas major 

Psoas minor 

Rectus abuominis 

External abuominal oblique 

Internal abdominal oblique 

I -It • 1m 
QU:ldratus lumhonml 

Multifidus 

Rotatores 

Semispinalis thor-leis 

Spinalis thomcis 

Longissimus thoracis 

Il iocostalis thoracis 

Il iocostalis lumborulll 

Interspinales 

Nt It 'It I 

Splenius capitiS, same side 

Splenius cervicis, same side 

Longissimus cervi cis, same side 

I l iocostalis cervicis, same side 

Sternocleidomastoiu, opposite side 

Semispinalis ccrvicis, oppOSite siue 

Multifidus, opposite side 

Rotatores, opposite side 

Scalenus anterior, oppOSite side 

Trapezius, opposite side 

I. It 1 til fie I,) I 

External abdominal obliquc 

Internal abdominal oblique 

Rectus abdominis 

I l iocostalis lumborum 

Iliocostalis thoracis 

Longissimus thoracis 

Semispinalis thoracis 

Multifidus 

Quadratus lumborum 

Interrransversarii 

Psoas major 

1 01 I Q 

Internal abdomjnal oblique, same side 

I liocostalis thoracis, same side 

IIjocostalis lumbomm. same side 

External abdominal oblique, opposite side 

Multifidus, opposite side 

Rotatores, opposite side 

.\1l1sn.f :.."i PRODl lCINCi ANTEROPOSTERIOR In.TINC. OF Till. Ph _ J 
OI'II'/II'd 1IIIlIIg 

Erector spinae 

Psoas major 

Rectus femoris 

greater trochanter is described (Segal & Jacob, 1 983). All 

the heads join, and the beUy of the muscle then mns 
down the anterior thigh to attach by a broad aponeuro· 
sis to the base of the patel la. By virtue of its proximal at
tachment sites, the rectus femoris musc le not only ex
tends the knee, but also flexes the hip. If the thigh is 
fixed, contraction of this muscle helps to tUt the pelvis 
forward . The rectus femoris, along with the rest of the 

# '  " ('I' ( til /11, 

Rectus abdominis 

External abdominal ohlique 

Internal abdominal oblique 

Gluteus m<Lximus 

Biceps femoris (long heau) 

Semitendinosus 

Semimem branosus 

quadriceps femoris, is innervated by the femoral nel"Ve 
(L2 to L4). 

SUMMARY OF MUSCLES AFFE TING THE 
SPINE 

Table 4·2 provides a summary of the muscles that influ
ence the spine. This table does not give a compklc 
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account of all  the points of origin and insertion of some 

of the more complex muscles. A more detailed descrip

tion of each muscle appears in the text of this chapter. 

The box on pp. 1 06- 1 07 organizes the muscles that 

influence the spine according to the motion produced 

by their contraction. 
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CHAPTER 5 

The Cervical Region 

Gregory D. Cramer 

Characteristics of the Cervical Spine as a Whole 

Cervical Curve (Lordosis) 

Typical Cervical Vertebr;le 

External Aspect of the Occipital Bone 

Squamous Part 

Lateral Parts 

Basilar Part 

Atypical and Unique Celvical Vertebrae 

Atlas (First Celvical Vertebra) 

Axis (Second Cervical Vertebra) 
Vertebra Prominens (Seventh Cervical Vertebra) 

Carotid Tubercles (Si.,"xth Cervical Vertebra) 

Articulations of the Upper Cervical Region 

Left and Right Atlanto-Occipital Articulations 

Ligaments of the Cervical Region 

Upper Cervica l Ligaments 

Lower Cervical Ligaments 

Cervical Intervertebral Discs 

Ranges of Motion of the Cervical Spine 

Rotation with Lateral Flexion 

Nerves, Vessels , Anterior Neck Muscles, and Viscera of the 

Cervical Region 

Vertebral Artery 

Nerves of the Celvical Region 

Muscles of the Anterior Neck 

Vascular Structures of the Anterior Neck 

Viscera of the Anterior Neck 

The celvical region is possibly the most distinct region 

of the spine, The fact that so many structures, spinal and 

otherwise, are "packed" into such a small cylinder, con

necting the head to the thorax, makes the entire neck an 

outstanding feat of efficient design, The celvical spine is 

the most complicated articular system in the body, com

priSing 37 separate joints (Bland, 1989). It allows for 

more movement than any other spinal region and is sur

rounded by a myriad of nerves, vessels, and many other 

vital structures, All clinicians who have spent significant 

time working with patients suffering from pain of cervi

cal origin have been challenged and sometimes frus

trated with this region of immense clinical importance. 

Understanding the detailed anatomy of this area helps 

clinicians make more accurate assessments of their pa

tients, which in turn, results in the establishment of 

more effective treatment protocols, 

This chapter begins by covering the general charac

teristics of the cervical spine as a whole, This is followed 

by a discussion of the region'S typical and atypical verte

brae, The external aspect of the occiput is included be

cause of its intimate relationship with the upper two cer

vical segments, The ligaments of the cervical region are 

then covered, foJlowed by a discussion of the cervical 

spine's ranges of motion, The most important structures 

of the anterior neck and the cervical viscera are also in

cluded, 

CHARACTERISTICS OF THE CERVICAL 
SPINE AS A WHOLE 
Cervical Curve (Lordosis) 

The celvical curve is the least distinct of the spinal 

curves. It is convex anteriorly (lordosis) and is a sec

ondary (compensatory) curvature (see Chapter 2). The 

cervical curve begins to develop before birth and as 

early as 9 weeks of prenatal life. Onset of fetal move

ments plays an important role in the early development 

of the cervical lordosis CBagnalJ, Harris, & Jones, 1977; 

Wil.liams et aI., 1989), However, the curve becomes 

much more marked when the child begins to lift the 

head at about 3 to 4 months after birth, and the curve 

increases as the child begins to sit upright at abollt 

9 months of age (Williams et aI., 1989), 

Some authors state that the cervical CUlve is actually 

composed of two curves, upper and lower (Kapandji, 

1974; Oliver & Middleditch, 1991), The LIpper cervical 

109 
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posterior (Fig. 5- 1) .  The two roots end laterally as tu ber

cles (anterior and posterior). The two tubercles are 

joined to one another by an intertubercular lamella, 

which is less correctly known as a costotransverse 

lamelJa (bar) (WiJJiams et al. ,  1989). The distance be

tween the tips of the tubercles of the left and right TPs 

is greatest at C 1 ,  and this same distance, a l though 

smaller, remains relatively constant from C2 through C6, 

then increases greatly a t  C7. 

A gutter, or groove, for the spinal nerve is formed be

t,veen the anterior and posterior roots of each TP (Fig. 

5-2) .  This groove serves as a passage for exit of the 

mixed spinal nen'e anti its largest branch, the anterior 

primary d ivision (ventral ramus). The gutters for the 

mL'{ed spinal nerves of C4 to C6 are the deepest. The in

tertubercular lamellae of C3 and C4 have a rather 

oblique course, descending from the anterior root and 

passing laterally as they reach the posterior root of the 

TP. Therefore the anterior tubercles (roots) of these ver

tebrae are shorter than the posterior ones, and the 

grooves for the spinal nerves are deeper posteriorly than 

anteriorly. The left and right intertubercular lamellae of 

C6 are wide (from left to right) and shallow (from supe

rior to inferior) (Williams et a l . ,  1 989) . 

A d ural root sleeve, which surrounds each mixed 

spinal nerve, and its continuation as the epineurium of 

the ventral ramus (anterior primary d ivision) are held to 

the gutter of the TP by fibrous tissue. This strong attach
ment to the TP is unique to the cervical region 

(Sunderland, 1974) . A dorsal ramus leaves each mixed 

spinal nerve shortly after its formation. The d orsal ramus 

(posterior primary division) mns posteriorly and laterally 

along the zygapophyseal joint (see next section), sup

plying the joint with sensory innervation . The ramus 

then passes posteriorly to supply the cervical parts of 

the deep back muscles with motor, nociceptive, and 

proprioceptive innervation and then continues posteri
orly to reach the dermal and epidermal layers of the 

back to supply them with sensory innervation. The 

nerves of the cervical region are discussed in more de

tail later in this chapter. 

The anterior aspect of the TPs of C4 to c6 end in 

roughened tubercles that serve as attachments for the 

tendons of the scalenus anterior, longus colli (superior 

and inferior ob lique fibers), and longus capitis muscles. 

The posterior tubercles extend further laterally and 

sl ightly more inferiorly than their anterior counterparts 

(except for C6, where they are level). The splenius cer

vicis, longissimus cen'icis, iliocostalis cervicis, levator 

scapulae, and scalenus medius and posterior m uscles at

tach to the posterior tubercles. 

As the name implies, the foramen of the TP is an open

ing within the TP. This foramen is present in the left and 

right TPs of all cervical vertebrae. It was previously 

called the foramen transversarium , but the currently 

preferred term is simply foramen of the transverse 

jJrocess. The boundaries of this foramen are formed by 

four stmctures: the pedicle, the anterior root of the TP, 

the posterior root of the TP, and the intertubercular 

lamella. The left and right foramina of the TPs of a single 

vertebra frequently are asymmetric. Occasionally the 
foramen of a single TP are double (Taitz et a l . ,  1 978) 

The vertebral a rte!)' normally enters the foramen of the 

TP of C6 and conti nues superiorly through the corre

sponding foramina of C5 through Cl. The vertebral 

artery of each side loops posteriorly and then medial ly 

around the superior articular process of the a tlas on the 

correspontling side. The artery then continues superi

orly to pass through the foramen magnum. The ventral 

rami of the C3 to C7 spinal nerves pass posterior to the 

vertebral artery as they exit the gutter (groove) for the 

spinal nerve of the TP (Fig. 5-2) . 

Several vertebral veins on each side also pass through 

the foramina of the TPs. These veins begin in the atlanto

occipital region and continue inferiorly through the 

foramina of the TPs of Cl through C7 and then enter the 

subclavian vein .  The vertebral veins receive branches 

from both the epidural venous plexus and the external 

vertebral venous plexus. In add ition to the veins, a 

plexus of sympathetic nerves a lso accompanies the ver

tebral artery as it passes through the foramina of the TPs 

of Cl through C6 (see Fig. 5- 1 9) .  The vertebral artery 

and the sympathetic plexus associated with it are d is

cussed in more detail later in this chapter. 

As mentioned in Chapter 2 ,  the vertebrae of each re

gion of the spine possess specific sites that are capable 

of developing ribs.  Such regions are known as costal el

ements, costal processes, or pleurapophyses. The cervi

cal region is no exception. The costal process of a typi
cal cervical vertebra makes up the majOJity of its TP. In 

fact, all but  the most medial aspect of the posterior root 

of the TP participates in the formation of the costal 
process. The costal processes may develop into cervical 

ribs in some individuals (Wil liams et a l . ,  1 989). This 

occurs most frequently at the level of C7. A cervical 

rib at C7 may be present and may compress portions 

of the brachial plexus and the subclavian artery. The 

symptom complex that results from compression of 

these structures is known as the thoraCic outlet syn

drome, and a cervical rib is one cause of this syndrome 
(Bland,  1 987) . A cervical rib may develop as a ve!)' 

small projection of the TP or may be a complete rib 

that attaches to the manubrium of the sternum or the 

first thoracic rib. However, the cervical rib is usually 

incomplete, and a bridge of fibrous tissue connects the 

tip of the cervical rib to either the manubrium or the 

first thoracic rib. The osseous extension of the cervical 

TP can be frequently detected on standarcl x-ray films, 

but the fibrous band is much more difficult to evaluate 

radiographically. 
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FIG. 5-l Obliquely oriented cervical intervertebral foramina (Ms). A, Close-up of several 
cervical IVFs. Notice that the superior lip (uncinate process) of a typical cervical vertebral 
body helps to form the anterior border of the M. Continued. 

Articular I'rot:(."��e� and Zyg<1pophy�(."al Joint!'> 
The gene"II characteristics of the articular processes and 

the zygapophyseal joints (Z joints) are discLlssed in 

Chapter 2. The unique characteristics of the cervical Z 
joints are discussed here. The superior articular pro

cesses and their hyaline cartilage-lined facets face poste

riorly, superiorly, and slightly medially (see Fig. 5-1). The 

cervical Z joints lie approximately 45° to the horizon

tal plane (Panjabi et aI . ,  1991; White & Panjabi, 1990). 

More specifically, the facet joints of the upper cervical 

spine lie at approximately a 35° angle to the horizontal 

plane, and the lower cervical Z joints form a 65° angle 

to the horizontal plane (Oliver & Middlecl itch, 199 1). 

The appearance of the cervical Z joints changes sig

nificantly with age. Before age 20 the articular cartilage 

is smooth and approximately 1.0 to 1.3 mm thick, and 

the subarticular bone is regular in thickness. The articu

lar cartilage thins with age, and most adult cervical 

Z joints possess an extremely thin layer of cartilage 

with irregularly thickened subarticular cortical bone . 

These changes of articular cartilage and the subchondral 

bone usually go undetected on computed tomography 

(Cn and magnetic resonance imaging (MRl) scans. 

Osteophytes (bony spurs) projecting from the articular 

processes a nd sclerosis (thicken ing) of the bone within 

the articular processes occur quite often in adult cervical 

Z joints (Fletcher et a l . ,  1990) 

The articular capsules of the cervical region are quite 

thin (panjabi e t  ai., 1991) and are longer and looser than 

those of the thoracic and lumbar regions. The coJJagen 

fi bers, which make up the capsules, 11.10 from the region 

immediately surrounding the articular facet of the infe

rior articular process of the vertebra above to the corre

sponding region of the superior articular process of the 

vertebra below (Figs. 5-3, 5-11, amI 5-15). The bands of 

collagen fibers are approximately 9 mm long and rUll 
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A 

Intervertebral 
foramen 

FIG. S·l, cont'd. B, Standard parasagittal magnetic resonance imaging (MRI) scans of the 
cervical region frequently show only the lower cervical IYFs. C, Because the cervical rVFs face 
anteriorly as weJl as laterally, MRI scans taken at a 40° to 45° angle to a sagittal plane show the 
cervical IVFs to better advantage. The insets of the two MRI scans show the plane in which 
each scan was taken. 

Intervertebral 
foramen 

Articular 
pillar 

Vertebral 
body 

Lateral atlanto-axial 
joint (Z joint) 

Anterior tubercle of 
atlas (C1) 

Superior lip (uncinate 
process) of C5 

Posterior tubercle of 
transverse process of C5 

Anterior tubercle of 
transverse process of C6 

Vertebral body of C6 

Transverse process of 
atlas (C1) 

Intervertebral foramen 
(C4-C5) 

FIG. 5-3 Anterior (A), lateral (B), and posterior (C) views of the cervical portion of the ver
tebral column. A, Superior lips (uncinate processes) of the C3 to C6 vertebral bodies to ad
vantage. 

c 
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Foramen of the transverse 
process of the axis ((2) 

Anterior tubercle of transverse 
process of (4 

Posterior tubercle of 
transverse process of (5 

Z joint ((6-C7) 

Intervertebral foramen (7-T1 

FIG_ 5-3, cont'd. B, Note the articular pillar, formed by the C3 [hrollgh C6 superior and 
inJerior articular processes. 

perpendicular to the plane created by the Z joint 

(Panjabi et aI., 199 1) 

Z jOint synovial folds (menisci) projl'ct into the Z 
joints at all levels of the cervical spine. Yu, Sether, and 

Haughton (I987) found four distinct types of cervical Z 

joint menisci (fig. 5-4). Type I menisci are thin and pro

trude far into till' Z Joints, covering approximately 50% 

of the joint surface. They are found only in children. 

Type 11 men.isci are relatively large wedges that protrude 

a significant distance into the joint space and are found 

almost exclUSively at the lateral C 1-2 Z joints. Type III 

folds are rather small nubs and are found throughout the 

C2-3 to C6-7 cervical Z joints of most healthy adults. 

Type rv menisci are quite large and thick and are usually 

only found in degenerative Z joints Types II and IV have 

been seen on MRI scans. 

When the individual vertebrae are united, the articular 

processes of each side of the cervical spine form an ar

ticular pillar that bulges laterally at the pediculolaminar 

junction (Williams et aI., 1989). This pillar is conspicu

ous on lateral x-ray films. The cervical articular pillars 

Cuntil/ued. 

(left and right) help to support the weight of the head 

and neck (Pal et aI., 1988). Therefore, weight bearing in 

the cervical region is carried out by a seIies of three lon

gitudinal columns: one anterior COIUn1Jl, which runs 

through the vertebral bodies, and two posterior 

columns, which run through the right and left articular 

pillars (Louis, 1985; Pal et aI., 1988) 

Articular pillar fracture is fairly common in the cervi

cal spine and frequently goes undetected (Renaud in & 

Snyder, 1978). This type of fracture is usually a chip frac

ture of a superior articular facet. The patient often ex

periences transient radicular pain (see Chapter 11), 
which is usually followed by mild to intense neck pain. 

Persistent radiculopathy in such patients indicates dis

placement of the fractured facet onto the dorsal root as 

it exits the intervertebral foramen (Czervionke et aI., 

1988) (Fig. 5-2). 
Pain arising from pathologic conditions or dysfunction 

of the cervical Z joints can refer to regions qlJite distant 

from the affected jOint (Bogduk, 1989b; Dwyer, Aprill, 

& Bogduk, 1990). The two most common types of pJin 

B 
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c 
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process of (6 

Spinous process of 
vertebra prom inens ((7) 

t;IG. 5-.i, cont'd. C, Posterior view of the cervical portion of the vertebral column. 

referral are neck pain and head pain (headacbe) arising 

from the C2-3 Z joints, and neck pain and shoulder pain 

arisi.ng from the C'5-6 Z joints (Bogduk & Marsland, 

19HH) 

l.�nnina(·_ The laminae of the cervical region are fairly 

narrow from superior to inferior. Therefore, in a dried 

specimen, a gap can be seen between the laminae of 

adjacent vertebrae (Fig. 5-3, C). However, this gap is 

filled by the ligamentum flavum in the living (see Fig. 

7-20). The upper border of each cervical lamina is thin, 

and the anterior surface of the inferior border is rough

ened by the attachment of the ligamentum flavum. The 

ligamentum flavum is discussed in detail later in this 

chapter. 

\ ("rll.'hral ( n.11 A vertebral foramen of a typical cer

viet! vertebra is rather triangular (trefOil) in shape (see 

Fig. 5-1) It is also rather large, allowing it to accommo

date the cervical enlargement of the spinal cord. 

Recall that the collection of ail the vertebral foramina 

is known as the vertebral (spimll) canal. Therefore the 

IVDs and ligamenta flava also participate in the forma

tion of the vertebral canal. 

The vertebral canal is fairly large in the upper cervical 

region but narrows from C3 to C6. In fact, the spinal 

cord makes up 75% of the vertebral canal at the c6 level 

Table 5-1 summarizes the general characteristics of the 

cervical vertebral canal. A variety of pathologic condi

tions can compromise the spinal cord within the verte

bral canal, including IVD protrusion, spinal cord tumor, 

posterior spondylosis of the vertebral body, Z joint hy
pertrophy, ossification of the posterior longitudinal lig<l

ment, buckling of a ligamentum tJavllm in a congenitally 

narrOW vertebral canal, and a displaced fracture of a lam

ina, pedicle, or vertebral body. 

The critical anteroposterior dimension of the cervical 

vertebral canal, before symptoms occur, is approxi

mately 12 to 13 mm. A vertebral canal this narrow is usu

ally the result of one of the previously mentioned patho

logic conditions combined with a congenitally narrow 

canaL Narrowing of the vertebral canal can lead to com

pression of the cervical spinal cord, a condition known 

as cervical myelopathy. Increased bone formation 

(spondylosis) of the articular processes close to the 

Z joint or to the uncovertebral "joints" can contribute 

to this condition. When this is the case, the term cer
vical �J7011{�ylotic myelopathy is appropriate. Cervical 

myelopathy usually is associated with diffuse neck pain 

accompanied by val)'ing degrees of neurologiC deficit 

(Cusick, 19BH). Metrizamide myelography (injection 

of radiopaque dye followed by x-ray examination) 
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and computer-assisted myelography (injection of dye 

followed by CT scanning) have been shown to be useful 
in the evaluation of cervical spondylotic myelopathy 

(Yu, Sether, & Haughton, 1987). Measurement (mor

phometry) of the cervical cord by means of MRI has 

been shown to correlate well with the severity of cord 

compression (Fujiwara et aI., 1988). 

·110 ... I I' The spinous process of a typical 

cervical vertebra is short and bifid posteriorly. It is bifid 
because it develops from two separate secondary cen· 
ters of ossification. This morphology is w1ique to cervi

cal spinous processes. "Terminal tubercles" of unequal 

size allow for attachment of the Ligamentum nuchae 
(Williams et aI., 1989) anc! many of the deep extensors 
of the spine (semispinalis thoracis and cervicis, multifidi 
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cervicis, spinalis cervicis, and interspinalis cervicis 

muscles). 
Cervical spinous processes, as with spinous processes 

throughout the spine, may deviate from the midline, 

making the determination of stmctural defects, frac

tures, and dislocations more challenging (Williams et aI., 

1989). The length of the spinous processes decreases 
from C2 to C4 and then increases from C4 to C7 (Panjabi 
et aI., 1991) . 

nl l r 'h ill ' )1' lnt na. The left and right inter-
vertebral foramina (lVFs) in the cervical region lie be

tween the superior and infelior vertebral notches of 

adjacent cervical vertebrae (Fig. 5-2). They face ohliquely 

anteriorly at approximately a 45° angle from the mid

sagittal plane. The IVFs are also directed inftriorly at 



118 CHARACTERISTICS OF THE SPINE AND SPINAL CORD 

Table 5-1 General Characteristics of the Cervical 

Vertebral Canal 

Region DiJnensions 

Upper cervical Upper canal is infundibular in shape, 

vertebral canal wider superiorly than inferiorly; less 

than half the avaiJable space is occu

pied by the spinal cord at Cl. 
C4 Narrowing of the vertebral canal begins. 

CG Cord occupies 75% of the vertebral canal. 

CI-C7 Critical anteroposterior dimension is 

12-13 mm. 

approximately a 10° angle to a horizontal plane passing 

through the superior vertebral end plate. The specific 

borders and contents of the IVF are discussed in Chapter 

2. However, lmique to the cervical region are the unci

nate processes, which help to form the anterior border 

of the IVFs. The cervical IVFs, as with those of the tho

racic and lumbar regions, can best be considered as 

neural canals since they are 4 to 6 mm in length. The cer

vical IVFs are almost oval in shape. The vertical diameter 

of each foramen is approximately 10 mm and the an

teroposterior diameter 5 mm, although these dimen

sions change during spinal movement (the anteroposte

rior diameter decreases during extension). 

Approximately one fifth of the IVF in the cervical re

gion is filled by the dorsal and ventral roots (medially) or 

the spinal nerve (laterally). When the spine is in the neu

tral pOSition, the dorsal and ventral roots are located in 

the inferior portion of the IVF at or below the disc level 

(Pech et aI., 1985). Epidural fat and blood vessels are 

found in the superior aspect of the IVF. The dorsal root 

anc! dorsal root ganglion are located posterior to and 

slightly above the ventral root. The dorsal root is also in 

contact with the superior articular process. The dorsal 

root ganglion is associated with a small notch on the an

terior surface of the superior articular process. The ven

tral root contacts the uncinate process, and the dorsal 

and ventral roots are separated from each other by adi

pose tissue (Pech et aI., 1985). This adipose-filled region 

between the dorsal and ventral roots has been called the 

interradicular foramen or cleft and can be seen on MRI 

(Yenerich & Haughton, 1986). Hypertrophy of the supe

rior and inferior articular processes secondary to degen

eration (osteoarthritis) of the Z joints may result in com

pression of the dorsal rootlets, dorsal root, or dorsal root 

ganglion (Bland, 1989). 
Kinalski ancl Kostro (1971) founcl the area of the cer

vical IVFs (as recorded from plain oblique radiographs) 

to correlate with age and patient symptoms. Individuals 

20 to 40 years of age had larger IVFs than those older 

than 40. Also, a smaJier IVF size was found among pa

tients with chronic neck pain. 

An IVF may enlarge as a result of various pathologic 

conditions. The most common calise of significant 

pathologic enlargement of the IVF is tile presence of a 

neurofibroma. Less frequently, enlargement may be 

caused by meningioma, fibroma, lipoma, herniated 

meningocele, a tortuous vertebral artery (Danziger & 

Bloch, 1975), congenital absence of the pedicle with 

malformation of the TP (Schimmel, Newton, & Mani, 

1976), and chordoma (Wang et aI., 1984). 

EXTERNAL ASPECT OF THE OCCIPITAL 
BONE 

The external surface of the OCCipital bone is so inti

mately related to the spine (direct articulation and liga

mentous attachments with the atlas and ligamentous at

tachments with the axis) that it is included in this sec

tion on the cervical region. 

The external aspect of the occipital bone consists of 

three different regions: squamous, left and right lateral, 

and baSilar. These three regions are discussed separately. 

Squamous Part 

The squamous part of the occipital bone (occipital 

squama) is located posterior to the foramen magnum 

(Fig. 5-5). The most prominent aspect of the OCCipital 

squama is the external OCCipital protuberance (EOP). 

This mound, whose summit is known as the inion, 

serves as the attachment site for the medial insertion of 

the trapeZius muscle. The external occipital crest ex

tends inferiorly from the EOP. 

The squamous part of the occipital bone also has sev

eral markings formed by muscular and ligamentous 

attaclunents. Extending laterally from the EOP are two 

pairs of nuchal lines. The first is only occasionally 

present and is known as the highest (supreme) nuchal 

line. The second is almost always present and is known 

as the superior nuchal line. The highest nuchal line, 

when present, extends superiorly and laterally from 

the EOP. It is formed by attachment of the OCCipital 

belly of the occipitofrontalis (epicranius) muscle. The 

superior nuchal line extends almost directly laterally 

from the EOP and is formed by the attachment of the 

trapeZius and the sternocleidomastoid muscles. A third 

nuchal line called the inferior nuchal line extends later

ally from the external OCCipital crest about midway 

between the EOP and the foramen magnum. Several 

muscles attach above and below the inferior nuchal 

line (Table 5-2), and the posterior atlantO-OCCipital 

membrane attaches to the most inferior aspect of the 

OCCipital squama, which is the posterior border of the 

foramen magmlll1. 

L'lteral Parts 

The Left and right lateral portions of the occipital bone 

are located to the sides of the foramen magnum. They 
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t=JG. 5-5 Superior (A), or internal, and inferior (B), or external, views of the occiput. 

C, Atlas articulating with the occiput. 
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Table 5-2 Attachments to the Occiput 

Region Muscles Attached 

Squamous Trapezius 

Sternocleidomastoid 

Occipital belly of occipitofrontalis 
Splenius capitis 

Semispinalis capitis 

Obliquus capitis superior 

Rectus capitis posterior major and minor 

Posterior atlanto-occipital membrane 

Lateral Rectus capitis lateralis 

Basilar Rectus capitis anterior 

Longus capitis 

Superior constrictor 

Anterior atlanto-occipital membrane 

Apical ligament of the odontoid process 
Superior (upper) band of the cruciform ligament 
Tectorial membrane 

include the left and right oCcipital condyles, jugular 
processes, and jugular notches. 

The two OCCipital condyles are convex stnlctures lo
cated on each side of the foramen magnum. Each 
condyle follows the contour of the large foramen and 
protrudes anteriorly and medially (Fig. 5-5). Each pos
sesses a hyali.ne cartilage lined articular facet, which may 
be constricted in the center and occasionally is com
pletely divided. The left and right occipital condyles fit 
snugly into the superior articular facets of the atlas, and 
the left and right atlanto-occipital articulations allow for 
flexion, extension, and lateral flexion of the occiput on 
the atlas. 

The jugular notch is a groove along the lateral margin 
of each side of the occiput. This groove helps to form 
the large jugular foramen of the same side by lyi.ng in reg
ister with the jugular fossa of the temporal bone. 

The jugular notch is bounded laterally by the jugular 
process. The juguJar process is an anterior projection on 

the lateral aspect of each side of the OCCiput. Each one 
helps to form the posteroJateral margin of the jugular 
foramen of the same side. The rectus capitis lateralis 
muscle, which helps to laterally flex the occiput on the 
atlas, attaches to this process. 

Basilar Part 

The basilar region of the OCCipital bone extends anteri
orly from the foramen magnum. It meets the basilar por
tion of the sphenoid bone, and together the two basilar 
processes are known as the clivus. 

The superior constrictor muscle of the pharynx at
taches to the distinct pharyngeal tubercle, which is lo
cated in the center of the external surface of the basioc
ciput. The rectus capitis anterior muscle attaches just i.n 

front of the occipital condyle, and the longus capitis 
muscle attaches anterior and lateral to the pharyngeal 
tubercle. The anterior atlanta-occipital membrane at
taches just i.n front of the foramen magnum. The apical 
ligament of the odontoid process attaches to the rim of 
the foramen magnum, and the superior (upper) band of 
the cruci.form ligament attaches to the inner surface of 
the clivus, covered posteriorly by the tectorial mem
brane. The transition of the spinal dura to the meningeal 
layer of the cranial dura occurs just posterior to the tec
torial membrane. 

ATYPICAL AND UNIQUE CERVICAL 
VERTEBRAE 

The atypical cervical vertebrae are C l  and C2. C7 is 
unique. C6 is considered to have unique characteristics 
but remains typicaL The disti.nctive features of these 
vertebrae are discussed in the following sections. 

Atlas (First Cervical Vertebra) 

The most superior atypical vertebra of the spine is the 
first cervical vertebra (Fig. 5-6). Given the name atlas, 
after the Greek god, this vertebra also functions to sup
port a round sphere (the head). It develops from three 
pri.mary centers of ossification, one in each lateral mass 
and one i.n the anterior arch. The centers located in the 
lateral masses are the first to appear, being formed by ap
proximately the seventh week after conception. These 
centers develop posteriorly into the future postelior 
arch of the atlas, where they usually unite with one an
other by approximately the third or fourth year of life. 
Occasionally, these ossification centers fail to unite pos
teriorly, leaving a cartilaginous bridge. This cartilaginous 
bridge appears as a radiolucency on standard x-ray films. 
Such a radiolucency must be differentiated from a frac
ture in trauma patients. 

The fully developed atlas comprises two arches (ante
rior and posterior) separated by two laterally placed 

pieces of bone known as the lateral masses. The lateral 
masses, in turn, have a TP projecting from their sides. 

/ ut.'rinr \rdl. The anterior arch of the atlas devel
ops from a bridge of tissue that connects the two lateral 
masses of the atlas i.n the embryo. This bridge is known 
as the hypochordal arch, and although the hypochordal 
arch is found throughout the spine embryologically, the 
anterior arch of the atlas is the only place where it per
sists into adulthood. The primary ossification center of 

the anterior arch usually appears by the end of the first 
year of postnatal life and fuses with the left and right lat
eral masses between the ages of 6 and 8 years. 

The anterior arch is the smaller of the two atlantal 
arches (Fig. 5-6). It possesses an elevation on its anterior 
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surface known as the anterior tubercle. This tubercle 

serves as the a ttach ment site for the anterior longitudinal 
ligament centrally and the superior oblique fibers of the 
longus coll i  muscle slightly laterally. 

The posterior surface of the anterior arch (Fig. 5-6) 

contains a smooth artic ulating surface known as the 
facet for the dens (odontoid). This facet is covered with 

hyal ine carti lage amI articulates with the anterior sur
face of the odontoid process as a diarthrodial joint. S ince 

the atlas has no vertebral body, the odontoid process 

of the axis occupies the region homologous to the 
body of the atlas.  Therefore the a tlas is oval in shape and 
can easily pivot around the odontoid process at the 

diarthrodial joint between this p rocess and the anterior 
arch of C 1 .  

Posterior Arch. The postetior arch is larger than the 
anterior arch and forms approximately two th i.rds of the 
ring of the atlas. The larger posterior arch contains an el

evation on i ts posterior surface known as the posterior 
tubercle. This tubercle may be palpated in some individ

uals. It serves centrally as an attachment site for the l iga

mentum nuchae (Williams et a I . ,  1 989) and also as the 

origin for the rectus capitis posterior minor muscle. 
The first !eft and righ t ligamenta flava attach to the 

lower border of the posterior arch of the a tlas. The liga

menta tlava are discussed in more detail later in this 
chapter. The lateral aspects of the superior surface pos
terior arch are extremely thin and " dug out ."  These dug
out regions are known as the left and right grooves for 

the vertebral a rteries. Each groove allows passage of the 

vertebral artery, vertebral veins, and the suboccipital 
nerve of the same side. The suboccipital nerve is the dor
sal ra mus of C1 and is located between the vertebral 
artery and the posterior arch.  The groove for the verte
bral artery has been found to be covered by bone in ap
proximately 32% to 37% of subjects studied (Taitz & 

Nathan, 1 986; Williams et aI . ,  1 989) . This results in the 
formation of a foramen, sometimes referred to as the ar

cuate or arcuale foramen. Each vertebral artery forms its 
respective groove as it courses around the superior ar
ticular process and comes to lie on top of the posterior 
arch. The posterior atlanto-occipital membrane attaches 

to each side of the groove, and it is the lateral edge of 
this membrane that may ossify to create an arcuate fora
men (see Fig. 5-1 0). When ossification occurs, the bone 
bridge that is  created is known as a posterior pontide. A 
study of 672 a tlas vertebrae found that 25 .9% had a par
tial posterior pontide and 7 .9% had a complete posterior 

ponticle (Taitz & Nathan, 1 986). Interestingly, these au

thors reported tha t a much higher number of atlases 
(57%) from a Middle Eastern popu lation showed partial 

or complete ponticle form a tion, possibly because this 
population customarily carried heavy loads on their 
heads. However, these authors stated that further study 

is necessary to determine with certainty the cause of the 

high incidence of posterior ponticles in this population. 

Occasionally a bone bridge for the vertebral artery de

velops laterally between the superior articular process of 
the atlas and the TP. Such a process is known as a lateral 

ponticle (pon ticulus lateralis) (Buna et aI . ,  1 984). Taitz 
and Nathan (1 986) found such a ponticle in 3 .8% of the 
atlases they studied . Regardless of whether the pontide 

is posteriorly or laterally placed, they are usually more 
than 1 2  mm in length and are usually thicker than 1 mm. 

Some controversy surrounds whether posterior and lat

eral pontic!es are congenital or are a part of the aging 

process. Taitz and Nathan ( 1 986) found that partial 

pontides were predominant in the specimens of 10 to 
30-year-old individuals, and complete pos terior ponticles 
were usually found in specimens from individuals 30 to 

80 years of age. This would indicate that posterior pon
tides are created by ossification of the lateral-most por
tion of the posterior a tlanta-OCcipital membrane as some 

people age. Even though these ponticles have been im
plicated in some cases of vertebrobasilar arterial insuffi

ciency (Buna et a I . ,  1 984), their clinical significance re
mains a matter of debate. 

L�llcral 'lasses. Located between the an terior and 
posterior arches are the left and right lateral masses. 
Each mass consists of a superior articular process and an 
inferior articular process and is oriented so that the an
terior aspect is more medially pOSitioned than the poste
rior aspect. The medial surface of each lateral mass has a 
small tubercle for attachment of the transverse atlantal 

ligament. The anterior aspect of each lateral mass serves 
as origin for the rectus capitis anterior muscle. 

The superior articular process of each lateral mass is 
irregular in shape. In fact, the hyaline-lined superior ar

ticular facet has the appearance of a peanut. That is, it is 
narrow centrally and may occasionally be completely di

vided into two (Will iams et a i . ,  1989) The superior ar
ticular process is quite concave superiorly and faces 

slightly medially to accommodate the convex OCCipital 
condyle of the corresponding side. The joint between 
the occiput and the atlas is categorized as a condylOid, 

dia rthrodial joint, although some authors describe it as 

being ellipsoidal in type because of its shape (W illiams et 
a I . ,  1 989) . The pri mary motion at this joint is anteropos
terior rocking (flexion and extension). In addition, a 
small amount of lateral flexion occurs at this articulation. 

The inferior articular process of each lateral mass of 

the atlas presents as a regularly shaped oval. In fact, in 

many cases it is almost circular. This process is flat or 

slightly concave (Williams et aI . , 1 989) and faces slightly 
medially. Hyaline cartilage lines the slightly smaller 
inferior articular facet of the articular process, which 

articulates with the superior articular facet of C2. A 
loose articular capsule attaches to the rim of the 



corresponding articular facets, surrounding the lateral 

C I -2 joint. This loose capsule allows for 45° of unilateral 

rotation to occur at each atlanto-occipital joint. This 

joint is categorized as a planar diarthrodial articulation 

(typical joint type for Z joints). 

The large vertebral foramen of C 1 usually has a grea ter 

a nteroposterior d iameter than transverse diameter (Le 

Minor, Kahn, & Oi Paola, 1 989). The anteroposterior d i

mensions of the C l  vertebral foramen can be d ivided 

into thirds, with one third fi.lled with the odontoid 

process of C2, one third tilled with the spinal cord and 

one third being "free space . "  The free space is actually 

filled with epidural adipose tissue, vessels, ligaments, the 

meninges, and the subarachnoid space. This division of 

the vertebral foramen of the atlas into three parts is 

sometimes known as Steele's mle of thirds (Foreman & 

Croft, 1 992). 

Transverse Processes. The left and light TPs of the 

atlas are quite large and may be palpated between the 

mastoid process and the angle of the mandible. Each 

projects laterally from the lateral mass and acts as a lever 

by which the muscles that attach to it may rotate the 

head. Because of the large size of the TPs, the atlas is 

wider than all the cervical vertebrae, except for C7. The 

width ranges from approximately 65 to 76 mm in fe· 

males and 74 to 90 mm i n  males (Williams et a I . ,  1 989). 

Although they are composed of only a single lateral 

process (rather than having anterior and posterior tu

belTles, as is the case with typical cervical vertebrae), 

the atlantal transverse processes are almost completely 

homologolls to the posterior roots, or bars, of the other 

cervical vertebrae.  In fact, the TP of the atlas can be con

sidered to be composed of a posterior root and a small 

portion of the intertubercular lamella (Williams et a I . ,  

1 989). A foramen for the vertebral artery, which also 

provides passage for the vertebral veins and the verte· 

bral artery sympathetic nerve plexus, is also found 

within each transverse process. This foramen of the TP 

of Cl is the largest of the cervical spine (Taitz et aI . ,  

1978) 

In addition to i ts relationship with the vertebral ves

sels, each TP of the atlas is also the site of muscle at

tachments. These muscles inc lude the rectus capitis 

lateralis ,  obJiqulls capitis superior, obliquus capitis i n

ferior, levator scapulae, splenius cervicis,  and scalenus 

medius muscles. Each TP is also related to the C1 spinal 

nerve. Although the dorsal ramus of this spinal nerve 

(the suboccipital nerve) provides motor innervation to 

the suboccipital muscles, the ventral ramus passes lat

eral ly  around the lateral mass, remaining medial to the 

vertebral artelY and the rectus capitis latera lis muscle. 

I t  courses between the rectus capitis lateralis and ante

rior muscles and then descends anterior to the atlas and 

is joined by the ascending branch of the ventral 
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ramus of C2. The nerves of the cervical region are d is

cussed in more detail later in this chapter. 

Axis (Second Cervical Vertebra) 

The second cervical vertebra, the axis or epistropheus, 

is also atypical. This vertebra develops from five primary 

and two secondary cen ters of ossification (Williams et 

a I . ,  1 989). The primary centers are distributed as fol

lows: one in the vertebral body, two in the neural arch 

(one on each side) , and two in the dens (odontojd 

process, see the following section). One secondal1' cen

ter of ossification is associated with the odontoid 

process and another is associated with the inferior as

pect of the vertebral body. 

The major distinguishing features of the axis are the 

prominent odontoid process, the superior articular 

processes, and the transverse processes (Fig. 5-7). In ad

dition, the vertebral foramen of C2 is very large. These 

distinguishing features are discllssed in the following 

sections. 

Dens (Odontoid Process)_ AJso known as the odon

toid process, the dens develops from two latera l ly  

placed primary centers of  ossification and an apical 

secondary center of ossification. The two primalY 

centers appear in utero and usually fuse in the midline 

by the seventh fetal month (Fesmire & Luten, 1 989) 

The united primary ossification centers then normally 

fuse along their inferior outer rim to the vertebral 

body of C2 by approximately age 3 to 6 years. The 

fusion line between the odontoid and the body of C2 

is usually visible on x-ray film until about age 1 1 , and 

one third of individuals retain the line of fusion 

throughout life. This line is frequently confused with 

a fracture (Fesmire & Luten, 1 989). Inside the rim of 

attachment between the dens and the body of C2 a 

small disc is present, which persists until late in life. This 

d isc can frequently be seen on sagittal MRl scans. This 

area of fusion between the odontoid and the body of C2 

is known as the subdental synchondrosis. Rarely, the 

odontoid does not fuse with the body of C2 or it may be 

united by only a rim of cartilage. Therefore its appear

ance on x-ray film is that of a free and unattached odon

toid .  This unfused odontoid is known as an os odon

toideum. 

The apical secondary center of ossification Jirst ap

pears at  3 to 6 years of age. I t  is V or cuneiform in shape, 

forming a deep cleft between the primalY centers of os

sification. This secondary center unites with the remain

der of the odontoid p rocess usually by age 1 2 .  When 

seen on x-ray film before fusion occurs or if fUSion does 

not occur, the small bone fragment is known as an os

siculum terminale and can also be difficult to distinguish 

from a fracture. 
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rhe second cervical vertebra, rhe axis. 



The fully developed odontoid process (dens) is peg 

shaped with a curved superior surface. It is approxi

mately 1 .  5 cm in height (Williams et a I . ,  1 989) . The dens 

has a hyal i ne-lined articular facet on i ts anterior surface. 

This facet articu lates with the correspond i ng facet on 

the posterior surface of the anterior a rc h  of t he atlas.  

The posterior surface of the dens has a groove a t  its base 

formed by the transverse atlantal ligament (transverse 

portion of t b e  cruCiform l igament) . The transverse liga

ment forms a synovial joint with the groove on the pos

terior surface of the dens. Together the complex of a n

terior and posterior joints between the atlas,  odontoid,  

and transverse ligament is  classifieci as a trochoid (pivot) 

diarthrodial  jOint .  This joint al lows the atlas to rotate o n  

t h e  axis through approximately 45° of motion i n  each 

direction (left and right). The sides o f  the odontoid 

process above the groove formed by the transverse liga

ment are tlat and serve as attachment si tes for the left 

anc1 right a lar ligaments. The apical odontoiel ligament at

taches to the top of the odontoid process . The ligaments 

of the cervical spine are d iscussed later in this chapter. 

The boely of C2 co ntains less compact bone than the 

dens (Williams et a I . ,  1 989) . The anterior surface of 

the body is holloweel out because of the attachment of 

the longus co l l i  musc le.  As occurs throughom the cel-vi

cal spine, the anterior longitudinal  ligament a ttaches to 

the inferior border of the vertebral boely of C2 in c lose 

association with the a ttach ment of the anterior fibers of 

the ,l Il u lus flbrosus. Another sim ilarity of the inferior, or 

discal border of C2 w ith the same border of the other 

cervical vertebrae is that its a nterior aspect p rojects in

feriorly. The posterior aspect of the vertebral body 

serves as an important attachment for the posterior lon

gitudinal ligament and its superior continuation as the 

tectorial membrane. Specifically, these stmctures attach 

to the posterior and inferior borders of the vertebral 

bod y .  Also associated with the vertebra l body is the first 

IVD of the spine, which is found between the inferior 

surface of the vertebra.! body of C2 and the superior sur

face of the vertebral body of c .) .  

Pcdkles. The ped ic les o f  t h e  axis are thick from 

anterior to posterior and from superior to inferior (Fig. 

5-7 , B). The inferior vertebral notch is large, whereas the 

superior vertebral notch is almost nonexistent. 

Superior Articular Processes. The superior articu

lar processes o f  the axis can be thought of as smoothed 

out regions of the left anel right ped icles of C2. That is, 

the superior articular processes do not project superi

orly from the pediculolam inar junction, as occurs with 

the typical cervical vertebrae. Instea d ,  they lie almost 

llush with the pedicle (Fig. 5-7).  This configuration , 

along with the very loose articular capsule a t  this 

level ,  a l lows for much axial rotation (approximately 
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45° uni laterally) to occur between C l  ami  C2.  The artic

ular ca rtilage of the sl lperior articular process of <:2 is 

convex superiorly, with a transverse ridge running from 

medial to la teral along the centra l  region of the process. 

This ridge allows the anterior and posterior aspects of 

the facet to slope infeliorly,  aiding in more effective ro

tation between CI and C2 (Koebke & Bratie, 1 982) (see 

Atlanto-Axial  Articulations). The art iculation between 

the superior articular facet of C2 with the inferior artic

ular facet of C 1 is  located a n terior to the rest of the Z 

joi nts of the cervical spine. Therefore the s uperior artic

u lar processes of C2 and the i nferior a rticular processes 

of C l  are not a part of the articular p i l lars, as is the case 

with the lower cel-vical sp ine's articular processes. 

La ruillae. The laminae of C2 a re taller and thicker 

than those found in the rest of the cel-vical vertebrae. 

Because of the distinct arch itecture of the axis, the 

forces appl ied to it from above (by ca rrying the head) 

are transmitted from the su perior articu lar processes to 

both the inferior a rticular processes and the vertebra l 

body via the pedicle.  Because the superior and inferior 

facets of the axis are a rranged in d ifferent planes, the 

forces transm itted to the i nferi or articular p rocesses a re,  

b y  neceSSity, transferred through the laminae.  This is ac

complished b y  a rather complex arra ngement of bony 

trabeculae (Pal et a I . ,  1 988) . The laminae of the axis are 

therefore qui te strong compared with the lami nae of the 

rest of the cervical vertebrae.  

Transverse Processes. The TPs of C2 are quite smal l  

a nel , like the TPs of Cl b u t  u nlike those of the rest of the 

cCl-vical spine,  do not possess d istinct anterior and pos

terior tubercles. Developmentally,  they a re considered 

to be homo l ogues of the posterior roots, o r  bars, of the 

TPs, a lthough minute homologlles of the anterior tuber

cles are associated w i th the j u nction of the a nt erior as

pect of the TPs with the vertebral body of C2.  

T h e  small left and rig h t  transverse processes of C2 

face obliquely superiorly and l a tera l ly. E a c h  has a fora

men of the TP that,  at C2,  is an angu lar canal  w i t h  two 

openings, one inferior and one lateral (Taitz et a I . ,  1 978). 

Therefore the vertebral artery courses laterally from the 

foramen of the TP of C2 to proceed to the more lateral 

foramen of the TP of C l .  

Even though t hey are Vel)' small, the TPs of the axis 

serve as attachment sites for many muscles. Table 5-3 

lists the muscles that attach to the transverse and spi

nous processes of C2.  

Spinous Process and Inferior Articular Pro

cesses. The spinous process of C2 is more pro minen t ly 

bifid than the o t her spinous processes of the cervical 

vertebrae because of the many muscles attaching to i t  
(Table 5-3). The inferior articu lar p rocesses of ( ;2 are 
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typical for the cervical region. They arise from the junc

tion of the pedicle and lamina and face anteriorly, inferi
orly, and lateral ly. 

Vertebra Prominens (Seventh Cervical 
Vertebra) 

Spinous Process. The seventh cervical vertebra is 

known as the vertebra prominens because of its very 
prominent spinous process (Fig. 5-8). The spinous 
process of C7 is the most prominent of the cervical re

gion, although occasionally C6 is more prominent (C6 is 

the last cervical vertebra with palpable movement in 

flexion and extension). Also, the spinous process of T1 

may be more prominent than that of C7 in some indi
viduals. The spinous process of C7 usually projects di
rectly posteriorly. Unlike typical cervical vertebrae, the 
spinous process of C7 is not bifid . The funicular portion 
of the ligamentum n uchae attaches to the single poste

rior tip of the spinous process of C7. This ligament is dis

cussed in more detail later in this chapter. 
Because of i ts large spinolls process and its location at 

the base of the neck, C7 serves as an attachment site for 
many muscles. Table 5-4 lists the muscular attachments 

of C7. 

Transverse Processes. The TPs of C7 are also 

unique The anterior tubercle of each TP of C7 is small 
and short. The posterior tubercle is quite large, making 

the entire TP large. The anterior tubercle is the costal el

ement of C7 . The an terior tubercle is unique because it 

develops from an independent primary center of ossifi
cation. This center usually unites with the TP by the fifth 
or sixth year of life. However, i t  may remain distinct and 
develop into a cervical rib. The formation of a cervical 

Spinous process ----I.!l. 

Vertebra l foramen 

Lamina 

transverse process 

Superior articular 
process 

Ped ic le 

rib may also occur at C4 to C6 by the same mechanism, 

although this is less common. The intertubercular 

lameUa is usually grooved by the ventral ramus of C7 

anterior and lateral to the foramen of the TP (Williams 

Table 5-3 Muscular Attachments to th Ax.is 

Region Muscles Attached 

Transverse processes Levator scapula 

Scalenus medius 

Splenius cervicis 

I n tenransversarii (to upper and lower 

sw-faces) 

Longissimus cervicis 

Spinous process Obliquus capitis infelior 

Rectus ca pitis posterior major 

Semispinalis cervicis Notch of spinous 

process Spinalis cervicis 

I n terspinalis cervicis 

Multifidus (also ligamentum n uchae, 

when present) 

Table 5-4 Muscular Attachments of C7 

Region 

Spinous 

process 

Transverse 

process 

Muscles Attached 

Trapezius 

Rhomboid mi nor 

Serratus posterior superior 

Splenius capitis 

Spina lis cervicis 

Semispinalis thoracis 

MultiJidus thoracis 

Interspinales 

Middle scalene 

Levator costanlln ( 1 st pair) (also the suprapleu

rat membrane [cupola I) 

Superior vertebra l 
notch 

Transverse 
process 

Spinous 

Vertebral body 
J,t� / ':N  

I n ferior 
vertebral notch 

FIG. 5-8 Superior (A) a nd lateral (B) views of the seventh cervical vertebra, the vertebra 

prominens.  
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et aI. , 1 989). The suprapleural membrane, or cupola, 

which is the protective layer of connec tive tissue tlut re

inforces the apical pleura of each lung, is attached to the 

postelior tubercle of the C7 TP. 

Similar to the rest of the cervical region, the left and 

right C7 TPs contain a foramen. This foramen is usually 

the smallest of the cervical spine. Occasionally a double 

foramen is found in one of the TPs of C7 (Taitz et aI . ,  

1 978). Frequently, branches of the stellate ganglion run 

through the foramen of the TP of C7, although normally 

the only structures that course through this opening are 

accessory arteries and veins (Jovanovic, 1 990) . The ac

cessory vessels comprise branches of the deep or as

cending cervical arteries and their accompanying veins. 

The remainder of the C7 TP foramen is filled with areo

lar connective tissue. Recall that the vertebral artery 

and its associated sympathetic plexus run with the ver

tebral veins through the c6 TP foramen and the more su

perior vertebrae. Approximately 5% of the time, the ver

tebral artery and vein(s) traverse the foramen of the C7 
TP (Jovanovic, 1990). 

Carotid Tubercles (Sixth Cervical Vertebra) 

AJthough the C6 vertebra is conSidered typical, its left 

and right anterior tubercles of the TPs are unique. These 

tubercles are very prominent and are known as the 

carotid tubercles. This is because each is so closely re

lated to the overlying common carotid artery of the cor

responding side. The common carotid artery may be 

compressed in the groove between the carotid tubercle 

and the vertebral body of c6 (Wiliams et a I . ,  1 989). 

ARTICUlATIONS OF THE UPPER CERVICAL 
REGION 

The Z joints of the cervical region are covered earlier in 

this chapter. The atlanto-occipital and atlanto-axial joints 

are discussed here. 

The articulations (joints) of the upper cenrical spine 
are extremely importa nt. These joints allow much of the 

flexion and extension that occurs in the cervical region 

and at least one half of the axial Oeft and right) rotation 

of the cervical spine. In addition, the proprioceptive in

put from the atlanto-occipital and atlan to-axial joints, as 

well as proprioception from the suboccipital muscles, is 

responsible for the con trol of head posture (panjabi et 

aI . ,  1 99 1 ) .  

Left and Right Atlanto-Occipital 
Articulations 

The joints between the left and right superior articular 

surfaces of the atlas and the corresponding occipital 

condyles have been described as e1Jipsoidal (Williams et 

a I . ,  1 989) and condylar (Gates, 1 980) in shape and type. 
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The superior articular processes of the atlas are concave 

superiorly and face medially (Fig. 5-6). Recall that the 

facets are narrow in their center, resulting in their 

peanut shape. The OCCiput and the atlas are connected 

by articular capsules and the anterior and posterior at

lanto-occipital membranes (Figs. 5 - 1 0  and 5- 1 4) . The fi

brous capsules surround the OCCipital condyles and the 

superior articular facets of the atlas. These capsules are 

thickest posterolaterally. Each capsule is further rein

forced in the posterolateral region by a ligamentous 

band that passes between the jugular processes of the 

occiput and the lateral mass of the atlas. This band has 

been referred ta as the lateral atlantO-OCCipital ligament 

(Oliver & Middleditch, 1 99 1 ). The atlanta-occipital joint 

capsules are thin and sometimes completely nonexistent 

medially. When present, this medial deficiency fre

quently allows the synovial cavity of the atlan to-occipital 

joint to connect with the bursa or joint cavity between 

the dens and the transverse atlantal ligament (Cave, 

1 934; Williams et a I . ,  1 989). 

t .lnto :11 \rtK I :1 I 1 . The atlas and axis ar-

ticulate with one another at three synovial joints: two 

lateral joints and a single median joint complex (Fig. 

5-9 , B). 

Lateral atlanto-axial joints. The lateral atlanto

axial joints are plana r joints that are oval in shape. The 

atlantal surfaces are concave, and the axial suJfaces are 

convex. The fibrous capsule of each lateral joint is thin 

and loose and attaches to the ou termost rim of the ar

ticular margins of the atlas and axis (inferior articular 

facet of atlas and superior articular facet of the axis). 

Each capsule is lined by a synovial membrane. A pos

teromedial accessory ligament attaches inferiorly to the 

body of the axis near the base of the dens and courses 

superiorly to the lateral mass of the atlas near the at

tachment site of the transverse liga ment. This ligament is 

known as the accessory atlanto-axial ligament (see 

Ligaments of the Cervical Region). 

Median atlanto-axial joint. The median atlanto

axial jOint is a pivot (or trochOid) join t between the dens 

and a ring of structures that encircles the dens. These 

structures are the anterior arch of the atlas anteriorly and 

the transverse ligament posteriorly. The joint possesses 

two synovial cavities, one anterior and one posterior, 

which act together to allow movement. The facet on the 

anterior surface of the dens articulates with the posterior 

aspect of the anterior arch of the atlas. This articulation 

has a weak, loose capsule lined by a synovial membrane. 

The posterior jOint cavity is the larger of the two. It is fre

quently described as a synovial cavity, although some

times as a bursa. In either case it is located between 

the anterior surface of the transverse ligament and the 

posterior grooved su rface of the odontoid process. This 
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facet 

Foramen of 
the transverse 

process 
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e3 
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Odontoid 
process 

Anterior root 
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Superior 
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Superior lip (uncinate 
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transverse process 
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facet 

Odontoid 
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Foramen of the 
transverse process of C 1 

Anterior 
tubercle 

I 
Atlas (e l ) 

Foramen of the 
transverse process 

Superior articular 
process of atlas (C 1 ) 

FIG. 5-9 A, Inferior view of the atlas and a superior view of the axis and thire! cervical ver

tebra. B, Atlas and axis in typical anatomic relationship, with C3 to the side. 

I 



posterior joint is often continuolls with one of the at

lanto-occipital joints (Williams et aI . ,  1 989). 

CllNICAL APPLICATIONS 

Children frequently have increased ligamentous laxity, 

which leads to increased spinal motion. T his occurs 

most often in the cervical region.  Increased motion seen 

during physica l or x-ray examination should be d ifferen

tiated from pathologic subluxation (Fesmire & Luten, 

1989). For example, the space between the anterior 

arch of th e atlas and the odontoid process, known as 

the predental space, usually should not exceed 3 m m .  A 

predental space greater than 3 mm is generally consid

ered to indicate a tear of the transverse ligament (see 

later discussion) or pathologic subluxation of Ci on C2. 

However, a 3 mm or greater predental space has been 

found in 20% of normal patients less than 8 years of age 

(Fesmire & Luten, 1 989). Al though a space of greater 

than 3 . 5  mm is usually considered abnormal in children,  

spaces of l ip to 5 mm have been seen in normal children 

(Fesmire & Luten, 1989). Therefore, x-ray evaluation of 

atlanto-axial stabil ity i.n children should be tempered 

with sound clinical judgment. 

Pathologic subl.uxation of tbe atlas on the axis result

ing in compromise of the spinal cord (compressive 

myelopathy) has been frequently associated with 

rhcumatoid althritis (Kaufman & Glenn, 1 983) and less 

frequently with an h.'ylosing spondyl i tis. Displacement of 

Mastoid 
process 

Th i rd part of 
vertebral artery 

Second part of 
vertebral artery ----'it".1;'\ 

Ligamentum 
flavum 

FIG. 5- 1 0  Posterior ligamen ts o f  the upper cervical region . 
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the atlas on the axis has also been found i n  9'X) of Down 

syndrome patients ages 5 to 2 l .  In addition, signifIcant 

degeneration of the e ntire cervical spine with osteo

phyte formation , narrowing of foramina, and narrowing 

of the disc space has been found with increasing in

cidence in the adult Down syndrome population. The 

premature aging process that occurs in individ uals with 

this syndrome may be one possi ble explanation for th is 

latter finding (Van Dyke & Gahagan ,  1 988). 

LIGAMENTS OF THE CERVICAL REGION 

The ligaments of the cervical region can be divided 

into upper and lower cervical l iga ments. The upper 

ligaments are those associated with the occiput, atlas, 

and the anterior and lateral aspect of the axis. The lower 

cervical ligaments encompass all  other ligaments of the 

cervical region. The ligaments of both categories are d is

cussed in the following sections. The points of insertion 

and the function of each are discussed , beginning with 

those located most posteriorly and progressing to those 

located most anteriorly. 

Upper Cervical Ligaments 

Posterior Atlanto-Occipital Membrane. The poste

rior atlanto-occipital membrane is a rather thin structure 

that attaches to the posterior arch of the atlas and the 

posterior rim of the foramen magnum (Fig. 5-1 0) .  The 

Posterior atla n to-occip i ta l  
membrane 

Tran sverse 
process 

7illr--------_ Articu lar capsule of 
C 1 - C2 Z jo int  

Foramen of tran sverse 
process of C2 
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posterior a tlanto-occipital  membrane functions to limi t  

flexion of t h e  occiput on t h e  atlas. The ligament i s  so 

broad from left to right that the term membrane applies 

It  spans the distance between the left and right lateral 

masses. Laterally this ligament arches over the left and 

right grooves for the vertebral a rtery on the posterior 

arch of the atlas (Fig. 5-1 0) . This al lows for passage of 

the vertebral artery, vertebral veins, and the subOCCipital 

nerve . These stnIctures are covered in more detail later 

in this chapter. This lateral arch of the posterior atlanto

occipital membrane occasionally ossifies, creating a fora

men for the previously mentioned structures. (See pre

vious section on the atlas for elaboration on the arcuate, 

or arcuale, foramen created by the ossified posterior 

atlanto-occipital membrane.) 

TectoriaJ Membrane. The tectorial membrane is 

the superior extension of the posterior longitudinal liga

ment (Fig. 5-1 1 ) .  It begins by attaching to the posterior 

aspect of the vertebral body of C2. I t  then crosses over 

the odontoid process and inserts onto the anterior rim of 

the foramen magnum (specifically, the upper region of 

the basilar part of the OCCipital bone). The tectorial 

- -
/' 

La tera I po rt of 
occipital bane 

'
'-

Accessory atlanta-axial 
ligament 

Tectorial membrane --�CIJ��HIfII': 

Posterior lon�i tud i nal --��:il\;�-f�'fIjf.H--+
ligament 

membrane has superficial and deep fibers. The deep 

fibers have a median band that extends all the way to the 

basilar portion of the OCCipital bone. Two lateral bands 

of deep fibers pass medial to the atlanto-Dccipital joints 

before attaching to the occiput. The superficial fibers ex

tend even more superiorly than the deep fibers and 

blend with the cranial d ura mater at the upper region of 

the basilar part of the occipital bone. This ligament lim

its both flexion and extension of the atlas and occiput 

(Williams et aI . , 1 989) . 

Accessory Atlanto-Axial Ligaments. Each of the ac

cessory atlanto-axial l igaments (left and right) course 

from the base of the odontoicl process to the inferome

dial surface of the lateral mass of the atlas on the same 

side (Figs. 5-1 1 and 5-1 2). They help to strengthen the 
posteromedial aspect of the capsule of the lateral atlanto

axial joints. They are considered to be deep fibers of the 

tectorial membrane. 

Cnlciform Ligament. The cruciform l igament is 

named such because of its cross shape. It may actually be 

divided into several parts: a large transverse l igament, a 

'-
'-

Articular capsule of 
atlanto-occipital joint 

/ 
/ 

Transverse process 
of the atlas (C1 ) 

Foramen of the 
transverse process 
of the axis (C2) 

Cut lamina 
of C3 

FIG. 5- 1 1  Posterior aspect of the occiput, posterior arch of the atlas, laminae and spinoLis 

processes of C2 ane! C3, neural elements, and meninges have aU been removed to show the 

ligaments covering the anterior aspect of the upper cervical venebra l canal and foramen mag

num.  



superior band , and an inferior band (Fig. 5 -12).  Each por

tion is d iscussed next. 

Transverse ligament. The transverse ligament has 

been called the most important ligament of  the oc

ciput-C 1 -2 complex of joints (White & Panjabi, 1 990). 

It is a strong ligament that runs from a small med ial 

tubercle of one lateral mass of the atlas to a similar 

tubercle on the opposite side. The transverse ligament 

lies in the horizontal plane. However, approximately a 

2 1 0  angle with the frontal (coronal) plane is created 

from the origin of the transverse ligament to the region 

Accessory atlanto-axial 
l igament 

Cut lamina of axis ( C2) 

Clivus 
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where i t  passes behind the odontoid process (Panjabi, 

Oxland, & Parks, 1 99 1 a).  The sllperoinferior wid th of 

this ligament is greatest at its center, where it passes 

posterior to the odontoid process. Anteriorly, the trans

verse ligament is lined by a thin layer of cartilage 

(Williams et aI. ,  1 989). This enables it to form a di

arthrodial joint with the odontoid as it passes posterior 

to this structu re. 

The transverse ligament allows the atlas to pivot on 

the axis. It also holds the atlas i n  its proper position, 

thereby preventing compression of the spinal cord dur

ing flexion of the head and neck. Because the transverse 

Superior longitud inal band 
of cruciform l igament 

Transverse l igament 
of the atlas 

Inferior longitudinal band 
of cruciform l igament 

Body of 
axis (C2) 

FIG. 5- 1 l  An terior aspect of the vertebral canal and fo ramen magnum as seen from behind. 

TIle rectorial membrane has been removed, and many of the upper cervical ligaments can be 

seen . Notice the centrally located cruc iform l igilme'nt with its narrow superior and inferior lon

gitudinal bands and its stout transverse ligament. The alar and accessory atlanto-axial ligaments 

can also be seen. 
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ligament fits into the groove on the posterior surface of 
the odonto id , it holds the atlas in proper position even 

when all other ligaments are severed (Williams et a I . ,  
1 989) Panjabi and colleagues ( 1 99 1  a) found that this lig
ament appears to exist in two distinct layers, superficial 
and deep. 

Superior longitudinal band The superior longitu
d inal band of the cruciform ligament rllns from the 

transverse ligament to the anterior lip of the foramen 

magn um (Fig. 5- 1 2) .  More specifically it attaches to the 

superior aspect of the basilar part of the occipital bone. 

I t  is interposed between the apical ligament of the odon
toid process, w h ich is anterior to it, and the tectorial 

membrane, which is posterior to it. Although it may l imit 
both flexion and extension of the occiput, its primary 
function may be to hold the transverse ligament in its 
proper position, thus aiding the transverse ligament in 

holding the atlas against the odontoid process. 

Jriferior longitudinal band. The inferior longitudi

nal band of the cruciform ligament attaches the trans
verse ligament to the body of C2, preventing the trans

verse ligament from riding too far supe riorly (Fig. 5-1 2). 

It also helps to limit (with the aid of the snperior band 
and the transverse l igament) flexion of the occiput and 
a tlas on the axis. 

I l r Lig; m�nts The left and right alar ligaments orig

inate from the posterior and lateral aspect of the odon

toid process with some of the fibers covering the entire 
posterior surface of the dens (Panjabi et a I . ,  1 99 1 a).  Eac h 

alar ligament passes an teriorly and superiorly to insert 
onto a roughened region of the medial sUlface of the 

occipital condyle of the same side (Figs. 5 - 1 2  and 5-1 3).  

The a lar  ligaments are about the width of a pencil and 
are very strong. 

The functions of the alar ligaments are ra ther complex 

and are not comp letely understood. However, each alar 

ligament limits contralateral axial rotation (Dvorak & 
Panjabi ,  1 987) . For example, the left alar ligament pri

marily limits right rotation. More specifical ly ,  t he fibers 

of the left alar liga ment, which attach to the odontoid 
process posterior to the axis of movement, act in con
cert with those fibers of the right alar ligament, which at
tacll to the odon toid in front of the axis of movement. 
Both of these segments of the alar ligaments act together 

to limit right axial ro tation. The opposite is  also true :  
right posterior odontal fi.bers and left anterior odontal 
fibers l imit left rotation (Wil lia ms et a I . ,  1 989). Because 

the alar ligaments limit or check rotation, they are also 
known as the check ligame nts. 

The alar liga ments also limit tlexion of the upper 

cervical spine after the tectorial membrane and cruci
form ligam ents have torn . The alar ligaments are them
selves most vulnerable to tearing during the combined 

movements of axial rotation and flexion. This combina

tion of movements may occur during a motor vehicle ac

cident (hit from the front while looking in the rearview 
mirror) (Foreman & Croft, 1 992). Inj l 1 l'Y as a resu lt  of tllis 

same pair of movements can abo irreparably stretch the 
alar ligaments while sparing the cruciform ligame nt. 
When an alar ligament is torn or stretched , increased ro

tation occurs at the occipito-atlantal and atlanto-axial 
joint complexes, and increased lateral displacement oc
curs between the a tlas and the axis during lateral fl exion 

(Dvorak & Panjabi, 1 987) . 

Dvorak and Panjabi (1 987) found that in addition to 

attaching to the OCCipital condyle of the same side, a 
portion of each alar ligament usua lly attaches to the 

lateral mass of the atlas 011 the same side (Fig. 5- 1 3) .  
They also occasionaJly found Jibers running from the 
odontoid process to the anterior arch of the atlas. They 

named these latter fibers the anterior atlanto-dental liga
ment and believed that this ligament, when present, 
would give hmctional support to the transverse liga

ment.  They stated that the alar l igaments also help to 

lim it lateral flexion at the a tla nto-occipital jOint. The at
lantal fibers of the alar ligament on the side of lateral flex

ion tighten first during this motion , followed by tighten
ing of the occipit<I1 fi bers of the alar ligament on the op

posite side. 

Apkal j�anl(.·1 t of l he Olton lid rfll'�"''' _  The api
cal ligament of t he odontoid process is thin, approxi
mately 1 inch in length and runs fro m the posterior and 
superior aspects of the odontoid process to the anterior 

wall of the foramen magn um (Fig. 5-1 3), I ts fibers of in

sertion blend with the deep fibers of the superior band 
of tbe cruciform ligament. Its course from the odontoid 
to the clivus results in approximately a 20° an terior tilt 
of the apical odontoid ligam ent. Its insertion is wider 
than its origin, giving it a V shape (Panjabi et aI . ,  1 99 1 a) .  
Embl1'ological ly,  this ligament develops from the core of 

the centrum of the proatlas (see Chapter 1 2) and con

tains traces of the notochord (Williams et a \ . ,  1 989). The 

apical odontoid ligament probably hll1ctions to p revent 
some vertical translation and anterior s hear of the oc

Cipu t  (Panjabi et aI . ,  199 1 a) .  

\ ntcrior \llanl( -(kdpila \ L/ lhr n . The ante
rior atlan to-occip ital mem brane is located in front of the 

apical odontoid ligament and runs from the superior as

pect of the anterior arch of the atlas to tile anterior mar
gin of the foramen magnum (Fig. 5- 1 4) .  It is composed 
of densely woven fibers (Williams et a I . ,  1 989) and is so 

broad that it can best be described as a membrane. The 
anterior atlanto-occipital membrane blends laterally with 

the capsular ligaments of the atlanto-occipital articula

tion (Fig. 5- 1 4) .  It functions to limit extension of the oc
Ciput on C l .  Fibers continuous with the anterior longi
rudinal ligament strengthen the anterior atlanto-OCCipital 



--------------------------------- ----

Cl ivus -__ ;-:�� __ _ 
Lateral part of 
occipi ta l  bone -----J�::;:. .�=-_w-... 

Apica l odontoid 
l igament 

Odontoid 
process (dens) 
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Alar l igament 

Atla ntal part of 
alar l igament 

Foramen of the tran sverse 
process of C2 

FIG. :;- 1� Ajar and apical odontoid l igaments. Tilis is the same view as that of Figs. 5- 1 I and 

5- 1 2 . The tectorial mcm brane and cruciform ligament have been removell . Notice that  some 

fibers of each alar l igament attach ro the lateral mass of the atlas. These fibers bave been de

scribed by Dvorak and Panjabi ( 1 987). 

Jugular 
foramen 

Articular capsule of 
atla nto-occipital joint 

Articular capsule of 
atlanto-axial joint  

Anterior longitudinal  
l igament 

Basi lar part of 
occip i ta l  bone 

ncr. 5- 1 .  Anterior view of the occiput, atlas, ,Dds, ancl related l igaments. The anterior lon

gitudinal  l igament  narrows considerably between the atlas and the occipital bone and blends 

with the anterior atla nto-occipital membrane. The articular capsu les of the atlan to-occi pita l  

a nd lateral atlanto-axial joints are a lso clearly seen in  this figure. 

Anterior atlanto-occipita l  
membrane 

Med ial  conti nuation 
of articu lar  capsule 
of a tlanto-axial jo int  
blend ing with lateral 
fibers of the anterior 
longitudinal l igament 
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ligament medially and form a tough central band be

tween the anterior tubercle of the a tlas and the occipu t 

(Williams et aI . ,  1 989) (Fig. 5- 1 4) .  The anterior longitu

dinal  l igament is discussed in more detail in the follow

ing section. 

Lower Cervical ligaments 

\ n lerlor l.nnwtudinal Ligament. The anterior lon

gitudinal ligament (ALL) is quite wide and covers the 

anterior aspect of the vertebral bodies and IVDs from 

the occiput  to the sacru m .  Superiorly the AlL thickens 

medially to form a cord that attaches to the body of the 

axis and the anterior tubercle of the atlas (Fig. 5- 1 4) .  

Some o f  the atlantal fibers diverge laterally a s  the ALL 

fibers attach to the inferior aspect of the anterior a rch of 

the atlas. Further superiorly the ALL becomes continu

ous with the medial portion of the anterior atlan to

occipi tal membrane (see previous discussion). The ALL 

is approximately 3 . 8  mm wide at C l-2,  is somewhat 

wider at C2-3 , and increases in wid th to 7 . 5  mm from 

C3 to T 1 . Panjabi, Oxland , and Parks ( 1 99 1 b) state the 

ALL has a rather strong attachment to both the vertebral 

bodies and the IVDs, whereas Bland (1 989) states the 

discal attachment is weak. Laterally, this ligament is 

sometimes difficult to distinguish from the anterolateral 

fibers of the anulus fibrosus .  

The ALL has several layers associated with it .  The su

perficial fibers span several vertebrae, whereas the deep 

fi bers run from one vertebra to the next. This ligament 

tends to be thicker from anterior to posterior in the re

gions of the vertebral bodies rather than the areas over 

the IVDs. Therefore the ALL helps to smooth the con

tour of the anterior surface of the vertebral bodies by fill

ing the natural concavity of the anterior vertebral bodies. 

The AlL functions to l imit extension and is frequently 

damaged in extension injuries to the cervical region 

(Bogduk, 1 986b) . 

Posterior Longi tudinal Ligament. The posterior 

longitudinal ligament (PLL) is the inferior continuation 

of the tectorial membrane (see F ig.  5-1 1 ) .  It runs from 

the posterior aspect of the body of C 2 ,  inferiorly to the 

sacrum ,  anel possibly to the coccyx (Behrsin & Briggs, 

1 988). The PLL is quite wide and regularly shaped in the 
cervical and upper thoracic regions and is also three to 

four times thicker, from anterior to posterior, in the cer

vical region than in the thoracic or lumbar regions 

(Bland , 1 989). Its superficial fibers span several verte

brae, and its deep fibers nm between adjacent vertebrae. 

Panjabi and colleagues ( 1 99 1 b) found the cervical PLL to 

be firmly a ttached to both the vertebral bodies and the 

IVDs, whereas Bland ( 1 989) found the PLL to have a 

stronger disca l attachment.  In either case , the PLL prob

ably functions to help prevent  posterior IVD protrusion. 

The PLL is more loosely attached to the centra l region of 

the vertebral bodies to allow the exit of the basivertebral 

veins from the vertebral bodies (Williams et aI . ,  1 989). 

The PLL in the middle and lower thoracic and lumbar re

gions d iffers from the PLL in the cervical region in that it 

becomes narrow over the vertebral bodies and then 

widens considerably over the IVDs in the thoracic and 

lumbar areas. 

The PLL may occaSionally ossify. This occurs most fre

quently in the cervical region and occasionally occurs in 

the lumbar region. (Do not confuse this with ossification 

of the ligamenta f1ava, which occurs most frequently in 

the thoracic region.) Ossification of the PLL is c linica l ly 

relevant because it may be a source of compression of 

the spinal cord in the cervical region, and it has been as

sociated with radicular symptoms in the lumbar region 

(Hasue et a I . ,  1 983) . 

I.igamenta Flava. The l igamenta tlava (sing., liga

mentum tlavum) are paired ligaments (left anel right) that 

run between the laminae of adjacent vertebrae (see Fig. 

5- 1 0) .  They are found throughout the spine beginning 

with C I -2 superiorly and ending with L5-S 1 inferiorly. 

The posterior atlanto-occipital membrane is the homo

logue of the ligamenta f1ava at the level of occipu t-C 1 .  

Each ligamentum f1avum is approximately 5 mm thick 
from anterior to posterior (Panjabi et a i . ,  1 99 1 b) .  These 

ligaments are thinnest in the cervical region, become 
thicker in the thoracic region, ami are thickest in the 

lumbar region. 

Each ligament runs from the anterior and inferior as

pect of the lamina of the vertebra above to the posterior 

a nd superior aspect of the l amina of the vertebra below. 

The ligamenta f1ava increase in length from C2-3 to 

C7-Tl . This implies that the distance between the 

laminae also increases in a similar manner. Llterally, 

each ligamentum f1avum helps to support the anterior 

aspect of the Z joint capsule.  Although each ligament 
is considered to be distinct, a ligamentum f1avum fre

quently blends with the ligamentum tlavul11 of the op

posite side (panjabi et a I . ,  1 99 1  b) and also blends with 

the interspinous ligament. Small gaps exist between the 
left anel right l igamenta f1ava , al lowing for the passage of 

veins that unite the posterior internal (epidural) verte

bral venous p lexus with the posterior external vertebral 

venous plexus. 
The ligamentum f1aVllITI between Cl and C2 is usually 

thin and membranous and is pierced by the C2 spinal 

nerve. In fact, Panjabi and colleagues ( l 99 1 b) were un
able to find ligamenta f1ava between Cl and C2 in their 

study of six cervical spines. 

The ligamentum f1aVllm is unique in that it contains 

yel low-colored elastin , which causes it  to constrict nat

urally. Therefore, this ligament may actually do work; 

that is, it may aid in extension of the spine. It  also 

slows the last few degrees of spinal flexion. However, 

the most inlportant function of the elastin may be to 



prevent buckling of the ligamentum flavum into the 

spinal canal during extension . 

The ligamentum fiaVllln may undergo degeneration 

with age or after trauma. Under such circumstances, it 

usually increases in thickness and may calcify or become 

infiltrated with fat (Ho et a I . ,  1 988). These changes may 

cause the ligament to lose its elastic characteristics, 

which can result in buckling of the thickened ligamen

tum flavum into the vertebral canal or medial aspect of 

the rVF. This further results in narrowing of these re

gions, which can compromise the neural elements run

ni.ng within them (spinal cord , cauda equina [lumbar re

gion ) ,  or exiting nerve roots). Ossification of the liga

mentum fiaVllm is reported to occur most often in the 

thoracic and thoracolum bar regions of the spine, where 

it may compress either the postelior aspect of the spinal 

cord or the exiting nerve roots (Hasue et a I . ,  1 983). 

I nterspinous Ligaments. The interspinous J iga

ments are a series of ligaments that run between the 

spinous processes of each pair of vertebrae from C2-3 

to L4-5 . Some authors consider this ligament to be 

the anterior aspect of the ligamentum nuchae in the cer

vical region (see following discussion). The interspinous 

ligaments are poorly developed in the cervical region, 

consisting of a thin, membranous, translucent septum 

(Panjabi et aI . ,  1 991) .  They are short from superior to in

ferior and broad from an terior to posterior in the tho

racic region amI more rectangular in shape in the lumbar 

region (\ViU iams et aI. , 1 989). Because these ligaments 

are more fu lly developed in the thoracic region, they are 

discussed in more detail in Chapter 6. 

Ugamentum N uchae . The ligamentum nuchae is a 

flat, membranous structure that runs from the region be

tween the cervical spinous processes anteriorly to the 

skin of the back of the neck posteriorly (Fig. 5-1 5) anel 

spans the region between the occi put superiorly to the 

spinous process of C7 inferiorly. The posterior portion is 

its thickest and most distinct part and is sometimes re

ferred to as the fu nicular portion of the ligamentum 

nuchae. This fimicular part extends from the external 

occipital protuberance to the spinous process of C7. The 

thinner, larger, and more membranous anterior portion 

of this ligament can be extremely thin and, in some in

stances, is no more than an intermuscular septum be

tween the left and right semispinalis capitis muscles. 

This thinner anterior part is sometimes known as the 

lamellar portion. The ligamentum nuchae is considered 

to be tl1e homologue of the supraspinous and i.nter

spinous l igaments of the thoracic and lumbar regions. 

lnlcrtransvcrsc ligmne nts. Each in tertransverse 

ligament nl11s fro m one transverse process to the trans

verse process of the vertebra below. These ligaments 

are not well defined in the cervical region and are 
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frequently replaced by the posterior intertransverse 

muscles. The thoracic intertransverse ligaments are 

rounded cords closely related to the deep back mus

cles (WiJJiams et a I . ,  1 989). Some a uthors describe the 

lumbar intertransverse ligaments as being thin membra

nous bands. Others consider them to be rather d iscrete 

and well defi.necl . Still others consider them to consist of 

two distinct lamellae (Bogduk & Twomey, 1 99 1 )  (see 

Chapter 7) . 

CERVICAL INTERVERTEBRAL DISCS 

The IVDs of the cervical spine make up more than 25% 

of the superior-to-inferior length of the cervical spine.  

These important structures help to allow the large 

amount of motion that occurs in this region. RecaH that 

there are no rvDs between the occiput and atlas and be

tween the atlas and axis . The C2-3 interbody j oint is the 

first such joint to possess an IVD . Therefore the C3 

spinal nerve is the most superior nerve capable of being 

affected by rvD protrusion .  

Mendel a n d  colleagues ( 1 992) studied the innervation 

of the cervical rvOs and found sensory nerve fibers 

throughout the anulus fibrosus. No nerves were found in 

the nucleus pulposlls. The sensory fibers were most nu

merous in the middle third (from superior to inferior) of 

the anulus.  The structure of many of the nerve fibers and 

their end receptors was consistent with those that trans

mit pain .  In addition, pacinian corpuscles and Goigi ten

don organs were found in the posterolateral aspect of 

the disc. These authors' findings help to confirm that the 

anulus fibrosus is a pain-sensi tive structure. Further, 

their fi.ndings i.ndicate that the cervical discs are involved 

i.n proprioception, thereby enabli.ng the central nervous 

system to monitor the mechanical status of the TVOs. 

These auth ors hypothesized that the arrangement of the 

sensory receptors may allow the TVD to sense peripheral 

compression or deformation and also alignment be

tween adjacent vertebrae. 

The rVDs in the cervical region become thinner with 

age, whereas the u ncinate processes continue to en

large. As a result, by age 40 the unci nate processes cre

ate a substantial barrier that prevents lateral and pos

terolateral herniation of the rvD (Bland,  1 989) . 

Bla nd (1 989) believes that the cervical IVDs dehyd rate 

earlier in life than those of the thoracic and lumbar re

gions. He states that virtually no nucleus pulposus exists 

in the cervical spine beyond age 45 ,  and therefore be

lieves that IVD protrusion has been overdiagnosed in the 

cervical region.  However, this stance is somewhat con

troversial, and further investigation of the incidence of 

cervical IVD protrusion is necessary. 

Mill has been shown to be effective in evaluating 

the status of the TVD (Forristal1, Marsh, & Pay, 1 988). 

Vii kari-Juntara and coUeagues ( 1 989) also found that ul

tra-low-field M Rl is useful in identifying posterior disc 
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displacement below the level of C4 . These MRl units 

are less expensive, and as resolution improves, they may 

be more frequently used in p lace of standard x-ray 

procedures. 

The basic a natomy of the cervical NDs is similar to 

that of NDs throughout the spine. Those interested in 

the detailed anatomy of the IVDs should refer to the sec

tions of Chapters 2 and 1 3  devoted to the gross and mi

croscopic anatomy of these clinically relevant structures. 

RANGES OF MOTION OF THE CERVICAL 
SPINE 

Atlan to-Occ ipital Joint. The right and left atlanto

occipital joints together form a n  e l l ipsoidal joint that 

allows movement in flexion ,  extension ,  and to a lesser 

extent, left ancl right lateral flexion (see Table 5-5) . A lit

tle rotation also occurs between occiput and atlas 

(Williams et aI . ,  1 989). Extension is l imited by the oppo

sition of the posterior aspect of the superior a rticular 

Table 5-5 Approximat· Rang s of Motion at the 

Atlanto-Occipital Joints 

Direction 

Com bined flexion and extension 

Uni lateral lateral flexion 

Uni lateral axial rotation 

Amount 

rrOIn Whjre & Panjabi (J �90). CfiJlicai iJiomecbanics oI the spine. 
Philadelphia: JB Li pp incott. 

������L Vertebral a .  
Posterior tubercle 

of the atlas -\1�;""";;:=:��� l!!!���i;:):���� (third part) 

Ligamenlum nuchae- ___ H\,;II 
funicular port 

Ligamentum (fascia) 
n uch ae-I a mel !  a r pa rt ----+l-It-,I-h!J'--P--II/,TT!"� 

Spinous 
process of C5 ------tllH'1I--'i'-hH+��--

Vertebral a .  =i'!--- (second part from C6-C 1 )  

Arti cu lor capsule_-�jrjUJ1ii,L!�7ii721iiiiliiiiiitt� 1I111r1lJIiOiip. of C6-C7 Z ioint 

Vertebral a .  I:-'r--- (fi rst part to C6) 

FIG. 5- 1 5  Lateral view of the cervical ponion of the vertebral column. Tile ligamentum ( fas

cia) nuchae and tile articu lar capsules of the C l -2 through CG-7 Z joints are seen.  The verte

bral artery can be seen entering the foramen of the transverse process (TP) of C6 anc! ascend

ing through the remaining foram ina of the TPs of C5 through C I .  1t can tilen be seen passing 

around the superior articular process of C l .  The vertebral artery disap pears from view as i t  

courses beneath the  posterior atlanto-occipital membrane. 



processes of the atlas with the bone of the occiput 's  

condylar fossa . Flexion is limited by soft tissue " stops," 

such as the posterior atlanta-occipital membrane. 

Table 5-6 lists the muscles that produce the most flex

ion, extension, and lateral flexion between the occiput 

and atlas and between the atlas and axis. 

\tlallto- \ iaJ Joint .. _ Motion occurs at all three (me

dian and left and right lateral) atlanto-axial joints simul

taneously. Most motion is axial rotation (see Table 5-7), 

which is limited by the alar ligaments (see earlier discus

sion). Since the superior articular process of C2 is con

vex superiorly and the inferior articular facet of C1 is 

slightly concave infeliorly, anterior and posterior gliding 

is accompanied by descent of the atlas. This moves the 

upper jOint surface inferiorly, which conserves the 

amount of capsule necessary to accommodate the large 

amount of unilateral axial rotation that can occur at this 

joint. In addition, the descent of the atlas, as its inferior 

articular processes move along the superior articular 

processes of the axis, allows for added rotation to occur 

between the two segments (Williams et aI . ,  1 989). 

Muscles that produce rotation at this joint include the 

following: obliquus capitis inferior, rectus capitis poste

rior major, splenius capitis, and the contralateral sterno

cleidomastoid . 

low!: r ( .(.'n. kals. The ranges of motion for the 

cervical region from C2-3 through C7-T1 are given in 

Table 5-8. 

Usual ly, extension is somewhat greater than flexion. 

Extension is limited below by the inferior articular 

processes of C7 entering a groove below the superior ar

ticular processes of T l .  Flexion is limited by the lip on 

the anterior and inferior aspects of the cervical vertebrae 

Table 5-6 M uscl s Producing Flexion, Extension, 

and Lateral Flexion at Occiput-Cl-2 
------

Movement Muscles 

Flexion 

Extension 

Longus capitiS 

Rectus capitis anterior 

Rectus capitiS posterior major and minor 

Obliquus capitis superior 

Semispinalis and spinalis capitis 

Longissimus capitiS 

Splenius capitis 

Trapezius 

Sternocleidomastoid 

Lateral flexion Rectus capitiS lateraJis 

Semispinalis capitiS 

Longissimus capitis 

Splenius capitiS 

Sternocleidomastoid 

Trapezius 
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pressing against the beveled surface of the anterior and 

superior aspects of the vertebral bodies immediately 

below (Williams et a I . ,  1 989). 

Rotation with Lateral Flexion 

Lateral flexion of the cervical spine is accompanied by 

rotation of the vertebral bodies into the concavity 

formed by the lateral flexion (vertebral body rotation to 

the same side as lateral flexion). For example, right lat

eral flexion of the cervical region is accompanied by 

right rotation of the vertebral bodies. This phenomenon 

is known as coupled motion and occurs because the su

perior articular processes of cervical vertebrae face not 

only superiorly, but also are angled slightly medially. 

This arrangement forces some rotation with any attempt 

at lateral flexion. 

NERVES, VESSELS, ANTERIOR NECK 
MUSCLES, AND VISCERA OF THE CERVICAL 
REGION 

Vertebral Artery 

The vertebral artery is so closely related to the cervical 

spine that it is d iscussed before the nerves of the neck. 

The remaining arteries of the neck are covered later in 

this chapter. 

The vertebral artery is the first branch of the subcla

vian artery. It enters the foramen of the TP of C6 and 

ascends through the remaining foram i na of the TPs of 

the cervical vertebrae (Figs. 5-1 5  and 5-16) .  Continuing, 

it passes through the foramen of the TP of C 1 ,  winds 

Table 5-7 Approximate Ranges of Motion at the 

Atlanto-Axial Joint 

Direction Amount 

Combined flexion and extension 

Unilateral lateral flexion 

nilateral axial  rotation 

From White & Panjabi (1 990). Clinical biomeL'hanics oj the spine. 

Philadelphia: JB Uppincott. 

Table 5-8 Total Range of Motion of Cervical 

Vertebrae (C2-Tl )* 

Direction 

Flexion/extension 

Llteral/flexion 

Axia l rotation 

Amount 

9 1 0  
51 0 (unilateral) 

330 (unilateral) 

Values calcula ted from White & Panjabi ( 1 990). Clinical biomechcmlcs 

oJ the spine. Philadelphia: JB Uppinco((. 

" Ranges are for C2-3 through C7-T J and do not include oCciput-C I and 

C l -2 (see Tables 5-5 and 5-7 for upper cervical ranges of motion). 
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Level of ( 1  Level of (2 Vertebral a. 

Posterior cerebral a. 

Basilar a. 

Level of (1 Vertebral a. 
( level of (2) 

Basilar a. 

FIG. 5- 1 6  Posteroanterior (A) a nd lateral 

(B) a ngiograms of the right vertebral altery. 

A radiopaque dye has been injected into the 

vertebra l a lter)" and x-ray films have been 

taken. The vertebral artery can be se�n as it 

courses superiorly through the foramina of 

tIle TPs of c6 through Cl . Notice the nor

mal tortuosity seen as the veltebral artery 

passes lateraUy at C2 to reach the foramen 

of the TP of C l .  The vertebral artery is also 

quite tortuous as it passes around the supe

rior articular process of Cl a nel then passes 

superiorly to enter the foramen magnum. It 

then LUutes with the vertebral artery of the 

opposite side to form the basilar artery 

Several branches of the basilar artery can be 

seen, and its termination as the posterior 

cerebral arteries can also be seen. 



medial ly arouncl the superior articular process of the 
atlas, and passes beneath the posterior atlanto-occipital 

membrane (see Fig. 5 -10) .  The vertebral artery then 

pierces tIle dura and arachnoid and courses superiorly 

th rough the foramen magnum to unite with the verte

bral artery of the opposite side.  The union of the two 

vertebral arteries forms the basilar artery. 

The vertebral artery can be divided into four parts 

(Will iams et a I . ,  1 989). The first part of the vertebral 

artery begins at the artery's origin from the subclavian 

artery a nd continues until it passes through the foramen 

of the TP of C6. The fi rst part courses between the 

longus coll i  anc l  scalenus anterior muscles before reach

ing the TP of C6. In a study of 36 vertebral alteries, Taitz 

and Arensburg (1 989) found that 18 (50%) were tortu

ous to some degree i.n the first segment. Currently there 

is dcbate as to whether or not tortuosity of a vertebral 

artery may cause a decrease in flow to the structures sup

plied by it. However, to clate no clinical Significance has 

been ascribed to mild-to-moderate tortuosity of the ver

tebral artely. 

The first part of the vertebral artelY is j oined by sev

eral venous branches that become the vertebral vein in 

the lower cervical region. It  is also joined by a large 

branch ancl several small branches from the more poste

riorly located inferior cervical ganglion or, when pres

ent, the cervicothoracic ganglion (present 80% of the 

time). These branches form a plexus of nerves arollod 

Superior articular 
process of atlas (C 1 ) 

Vertebral a .  
( fourth part) 

THE CERVICAL REGION 139 

the vertebral artely. This plexus is discussed in more 

detail later in this chapter. 

The second part of the vertebral artelY is the region 
that passes superiorly through the foramina of the 

transverse processes of C6 to C l  (Figs. 5- 1 5 ,  5-16, a nd 

5- 1 7). This part is accompaniecl by the vertebral veins 

and the nerve plexus clerived from t he sympathetic 

chain .  The seconcl part of the vertebral artelY passes 

anteriorly to the C2 to C6 cervical ventral rami, which 

course from medial to lateral in the grooves (glitters) 

for the spinal nerves of their respective cervical TPs 

(see Fig. 5-20). The vertebral artelY makes a rather 

dramatic lateral curve (45°) after passing through the 

transverse foramen of the axis (Figs. 5 - 1 0  and 5- 1 7). This 

a llows the artelY to reach the more laterally placed TP 

of the atlas. Taitz and Arensburg (1 989) found that 4 

of 36 vertebral arteries (1 1 %) showed marked kinking 

or tortuosity at the foramen of the TP of the axis. The 

vertebral artelY can be quite tortuous in some indi

viduals. \X'hether this tortuosity is congenital, acquirecl 

(seconclary to a therosclerosis), or a combination of 

both has yet to be determined (Ta i tz & Arensburg, 

1 989). 

Extension combined with rotation of the head to one 

side · normally impairs bloocl flow through the second 

part of the vertebral artery of the opposite side. The con

striction occurs between the axis and atlas (Taitz et a I . ,  

1 978). 

Median 
atlanto-axial io int 

Vertebral a .  
( th ird part) 

Vertebral a .  
�--- ( second part) 

FIG_ 5-17 The second, 

third ,  and fourth parts of the 

left and right vertebral arter

ies. Notice that each vertebral 

a rtery courses lateral ly be

tween (;2 and C l .  It tllen 

courses posteriorly and medi· 

al ly at the level of C 1, a nd fi
nally passes superiorly anti 

med ially to reach the foramen 

magnum . 
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The third part of the vertebral arte l1' begins as the 

artery passes through the foramen of the TP of the atlas 

(Fig. 5- 1 7).  Here it is located posterior and medial to 

the rectus capitis lateraJis. Immediately the vertebral 

artery curves farther posteriorly and medially around the 

superior articular process of C l .  It reaches the posterior 

arch of the atlas, where it lies in the groove for the ver

tebral artery of the posterior arch. The dorsal ramlls of 

the first cervical nerve (suboccipital nerve) passes be

tween the vertebral artery and the posterior arch of the 

atlas in this region. The artery then passes inferior to the 

posterior atJ a nto-occipital membrane (see Fig. 5- 10). 
This membrane may form an ossified bridge for the 

artery, which, when present, runs from the posterior 

arch of the atlas to the lateral mass. This bony bridge is 

known as a posterior ponticle and is discllssed earlier in 

this chapter. 

The fourth part of the vertebral artery begins as the 

artery passes beneath the bridge of the posterior atlanto

occipital membrane. The artery then rllns medially to 

pierce the dura mater and arachnoid mater and courses 

superiorly to pass through the foramen magnum. Once 

above the foramen magnum, it courses within the sub

arach noid space along the clivus until it meets the ver

tebral artelY of the oppOSite side to form the basilar 

artery. The basHar artery is formeel in the region of the 

inferior pons (Williams et al . ,  1 989). 
The fourth part of the vertebral artery has several 

branches. Each vertebral artelY gives off a branch that 

unites with its pair from the opposite side to form a sin

gle an terior spinal artery . The anterior spinal artel1' sup

plies the anterior aspect of the spinal cord throughout its 

length. Each vertebral artelY then gives off a posterior 

spinal artery. The left and right posterior spinal arteries 

remain separate as they course along the posterior as

pect of the spinal cord (see Chapter 3 for both anterior 

and posterior spinal arteries) . Each vertebral artery then 

gives off a posterior inferior cerebellar artery that sup

plies the inferior aspect of the cerebellum and a portion 

of the medulla. 

The right and left vertebral arteries unite at the level 

of the pons to form the basilar artelY. The basilar artery 

gives off anterior inferior cerebellar, labyrinthine (inter

nal auelitol1') , pontine, and superior cerebellar arteries 

before ending by dividing into the posterior cerebral 

arteries. The posterior cerebral arteries participate in 

the cerebra! arterial circle (of Willis) anel then continue 

posteriorly to supply the occipital lobes of the cerebral 

cortex and the inferior portion of the temporal lobes. 

Nerves of the Cervical Region 

A thorough understanding of patients presenting with 

neck pain can only be achieved if clinicians know those 

structures capable of nociception (pain perception). 

Also, clinicians first must understand how pathologic 

conditions, aberrant movement, or pressure affecting 

these structures can result in nociception, and then how 

the patient perceives that nociception. A knowledge of 

the innervation of the cervical region gives clinicians an 

understanding of the structures that are pain sensitive 

and the way in wbich this nociceptive information is 

transmitted to tbe central nervous system This topic is 

of Significance to clinicians dealing with pain of cervical 

origin. 

Rootlets, Roots, Dorsal Root Ganglia, Mixed 

Spinal erves, and Rami. The dorsal ancl ventra! 

rootlets of the cervical region leave the spina! cord 

and unite into dorsal and ventral roots (see Chapter :3) 
The dorsal and ventral roots unite within the region of 

the IVF to form the mixed spinal nerve (Fig. 5- 18) The 

mixed spinal nerve is short and almost immediately di

vic\es into a dorsal ramus (posterior primalY division) 

and a ventral ramlls (anterior primary division). 

Unique rootlets, roots, and dorsal root ganglia. 

The posterior rootlets of Cl are unique. They are so thin 

that they are frequently mistaken for arachnoidal strands 

eluring dissection (Ed meads, 1 978) Stimulation of the C 1 
rootlets has been found to cause orbital pain (supelior 

rootlets of C I ), frontal pain (middle rootlets), and vertex 

pain (lower rootlets). Conditions such as tumors of the 

posterior cranial fossa, herniations of tile cerebellar ton

sils through the foramen magnum, bony anomalies of 

the cranioveltebral j unction, and possibly prolonged 

mllscle tightness can cause irritation of the sensory 

rootlets or root of C 1 .  Irritation of these rootlets or root 

may, in turn, refer pain to the regions just mentioneel 

(Darby & Cramer, ! 994; Eelmeads, 1 978). 

Great variation exists in the distribution of rootlets in 

the cervical region. More specifically, anastomoses fre

quently exist between rootlets of adjacent spinal cord 

segments. These anastomoses occur 6 1  'x, of the time in 

the cervical spinal cord, compared with 7% in the tho

racic region and 22% in the lumbar cord (Moriishi, Otani, 

Ta naka, & Inoue, 1 989) . This is cl inically Significant be

cause sensory impulses conducting nociceptive (pain) 

sensations through the dorsal root ganglion at one verte

bral level may enter the spinal cord at the next spinal 

cord segment above or below. The pain sensations in 

such cases may be perceived one segment " off , "  adding 

to tbe body's already difficult tas k of pain localization 

(Darby & Cramer, 1 994).  These anastomoses would also 

complicate the presentation of radicular pain by elisrupt

ing the normal dermatomal pattern of innervation by 

dorsal roots ancl dorsal root ganglia (see Chapter 1 1 ) .  
Recall that tbe cell bodies of all afferent nerve fibers 

are located in the dorsal root ganglia (DRG), which are 

also known as the spinal ganglia. These ganglia, with the 

exception of those of the e l and C2 corel segments, are 

located within the rVFs. The C 1 ORG may be abse nt; 



Sympathetic 
gang l ion 

Vertebral a .  

Anterior pr imary division ___ ..... 
(ventral ramus) 

Posterior pr imary division __ ---flr---;r""'� 
(dorsal ramus) 

Mixed spinal  nerve 

Superior 
articu lar facet 

Dura ma ter 

THE CEHVrCAL HEGION 141 

Gray ra mus 
communicans 

In tervertebral -
disc 

Recurrent ��i�����;;�-- meningeal n .  

space 

FIG. 5· J8 Superior view of a typical cervical segment showi ng the ne u ra l elements.  Notice 

rhe dorsal and vemr,, 1 roots, the mixed spinal nerve, aod the posterior and a n terior p rima ry d i 

visions (dorsal and ventral ra m i). T h e  posterior p ri mary d i vision can b e  seen dividing into a 

med i:ll and a latera l  bra n c h .  The recurre n t  men ingeal n erve is shown en tering the i nt e rverte

bral fo ramen. Fibers alis ing from the m iddle celvical ganglion and the gray communicating ra
mu s are also shown. Notice that these fibers supply th e a n terior and lateral aspects of the in

tervertebral disc, the vertebral bod)', a nd tile anterior longituci inal  li gamen t . The sympathetic 

plex us that surrouncis the ve rtebral artery is shown i n  Fig. 5-19 .  

however, when present, i t  lIsual ly is  found lying on the 

posterior arch of the atlas (Wi l liams et at., 1 989). The 

C2 DRG is located between the posterior arch of the 

atlas and the lamina of C2 ; more exactly, it is located 

posterior and medial to the lateral atlanto-axial jOint. It 

contains the cell bodies of sensory fibers innerva ting the 

median atlanto-axial joint, the lateral atlanto-axial joint,  

and a large part of the neck and sca lp, extending from 

the posterior occipital region to the vertex and occa

sional ly even to the coronal suture of the skull (80gduk, 

1 982). Another unique characteristic of the C2 DRG is 

that it is the only such ganglion normally located olltside 

the dura. Its prominent and pred ictable location has en

abled investigators to study the effects of localized anes

thesia on the C2 DRe; (Bogduk, 1 989a), a llowing for a 

better unders tanding of the importance of the second 

cervical  nerve in subOCCipital headaches. 

Dorsal rami. The dorsal rami (posterior p rimary di

visions) are generally smaller than the ventral ram i  (an

terior p rimal)' divisions} Recal l  that each dorsal ra mus 

exits the mixed spinal ne rve jlJst lateral to the IVF (Fig. 

5- 1 S) .  After exiting the IVF, the dorsal ramus c u rves pos

teriorly, close to the anterolateral aspect of the articular 

pil lar. In fact, the dorsal rami of C4 and C5 produce a 

groove on the lateral aspect of the articular pi llars of the 

C4 and C5 vertebrae. On reaching the posterior and lat

eral aspect of the superior articular process, each dorsal 

ramus quickly divides into a medial and lateral branch 

(Fig. 5-18) .  
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Some of the most important structures innervated by 
the dorsal rami are the deep back muscles. The deeper 
and more segmentally oriented transversospinalis mus

cles receive innervation from the medial branch of the 
dorsal rami. The longer and more superficial erector 
spinae muscles are innervated by the lateral branch of 
the dorsal rami. Other structures innervated by the me
dial branch include the Z joints and the interspinous lig
aments. The lateral branch of the dorsal rami of the up
per cenrical nerves (except C 1 )  continue posteriorly, af

ter innervating the erector spinae and splenius capitis 
and cervicis muscles, to supply sensory innervation to 
the skin of the neck. The dorsal rami of C6, C7, and C8 
usually do not have cutaneous branches (Kasai et aI. , 
1989). 

The dorsal ramus of the C1 spinal nerve is unique. The 
C1 nerve exits the vertebral canal by passing above the 
posterior arch of the atlas. It quickly divides into a ven
tral and dorsal ramus. The dorsal ramus (suboccipital 
nerve) runs between the posterior arch of the atlas and 
the vertebral artery. It does not divide into a medial and 
lateral branch, but rather curves superiorly for a short 
distance (about 1 cm) and terminates by providing mo
tor innervation to the subOCcipital muscles. It also sends 
a communicating branch to the dorsal ramus of C2. 
Some authors have described an inconsistent cutaneous 
branch that runs to the posterolateral scalp (Williams et 
aI . ,  1989), although other detailed studies have not re
produced this finding (Bogduk, 1 982). 

The C2 spinal nerve branches into a dorsal and ventral 
ramus posterior to the lateral atlanto-axial jOint. The dor
sal ramus loops superiorly around the inferior border of 
the obliquus capitis inferior muscle and then divides into 
medial, lateral, superior communicating, inferior com
municating, and a branch to the obliquus capitis inferior. 
The lateral branch of the dorsal ramus of C2 helps to sup
ply motor innervation to the longissimus capitis, sple
nius capitis, and semispinalis capitis muscles (Bogduk, 
1982). The medial branch of the dorsal ramus of C2 is 
large and is known as the greater occipital nerve. This 
nerve receives a communicating branch from the third 
OCCipital nerve before pierCing the large semispinalis 
capitis muscle. The greater occipital nerve, accompa
nied by the occipital artery, reaches the scalp by passing 
through a protective aponeurotic sling. This sling is as
sociated with the insertions of the trapezius and stern
ocleidomastoid muscles onto the superior nuchal line 
(Bogduk, 1982). The aponeurotic sling actually prevents 
the greater occipital nerve from being compressed dur
ing contraction of these muscles. After passage through 
the sling, the greater OCCipital nerve courses superiorly 

and divides into several terminal branches. These 
branches provide a broad area of sensory innervation ex
tending from the OCCipital region medially to the region 
superior to the mastoid process and posterior to the ear 
laterally. Superiorly, they supply sensory innervation to 

the scalp from the region of the posterior OCCiput to 
as far as the skull's coronal suture (Bogduk, 1 982). 
Terminal branches of the greater occipital nerve also 
provide sensory branches to the occipital and transverse 
facial arteries. 

Disorders of the upper cervical spine, including in'ita
tion of the greater occipital nerve or the C2 ganglion, 
can definitely cause headaches (Bogduk, 1986c; Bogduk, 
1989a; Bogduk et aI. , 1985; Edmeads, 1978). Causes of ir
ritation to the nerve or ganglion include direct trauma to 
the posterior occiput and entrapment between trauma
tized or hypertonic cervical muscles, particularly the 
semispinalis capitis (Edmeads, 1 978). Hyperextension 
injuries to the neck, especially during rotation, can also 
compress the C2 ganglion between the posterior arch of 
the atlas and the lamina of the axis. 

The C3 spinal nerve is the most superior nerve to 
pass through an IVF . Within the lateral aspect of the IVF 
the C3 nerve branches into a dorsal and ventral ramus. 
The dorsal ramus of C3 passes posteriorly between the 
C2 and C3 TPs, where it divides into deep and superfi
cial medial branches, a lateral branch, and a communi
cating branch with the C2 dorsal ramus (Bogduk, 1982). 
The superficial medial branch of the dorsal ramus is 
known as the third occipital nerve. This nerve courses 
around the lower part of the C2-3 Z joint from anterior 
to posterior. The deep surface of the third occipital 
nerve provides articular branches to the C2-3 Z jOint 
(Bogduk & Marsland, 1986). Because of its close rela
tionships with the bony elements of the C2-3 IVF , the 
third occipital nerve has been implicated by one investi
gator as the cause of the headaches that frequently ac
company generalized osteoarthritis of the cervical spine 
(Trevor-Jones, 1964). After supplying the C2-3 Z jOint, 
the third occipital nerve courses superiorly; pierces 
the semispinalis capitis, splenius capitis, and trapezius 
muscles; then assists the greater occipital nerve (C2) in 
its sensory innervation of the subOCcipital region 

(Bogduk, 1982). 
The deep medial branch of the C3 dorsal ramus helps 

to supply the uppermost multifidus muscles. The lateral 
branch of the C3 dorsal ramus helps supply the more su
perfiCial neck muscles (longissimus capitis, splenius 
capitis, semispinalis capitis). In addition, the C3 dorsal 
ramus also helps to supply the C2-3 (via dorsal ramus it
self, the third occipital nerve, or a communicating 
branch) and the C3-4 (via the deep medial branch) Z 

joints. The atlanto-occipital joints and the median and 
lateral atlanto-axial joints are innervated by the C1 and 
C2 ventral rami, respectively (Bogduk, 1982). Bogduk 
and Marsland (1986) reported on the relief of occipital 
and subOCcipital headaches by local anesthetiC block of 
the third OCCipital nerve in 10 consecutive patients with 
headaches of suspected cenrical origin. They suggested 
that the cause of the headaches was traumatic arthropa
thy or degenerative joint disease of the C2-3 Z joints and 



stated that their findings "may reflect an actual high in

cidence in the community of a condition that has re
mained unrecognized by specialists dealing with head
ache, and perhaps misdiagnosed as tension headache . -' 

They also mentioned that C 1 -2 joints may be another 
cause of cervical headache but thought further investi

gation was required before differentation between C l -2 

and C2-3 headaches could be accurately performed. 

Injury to structures of the upper cervical spine can re
sult in pain referral to the OCCipital regions innervated by 
the dorsal rami of the upper three cervical nerves. Upper 
cervical injury can also refer to regions of the head in
nervated by the trigeminal nerve. This is possible be

cause the central processes of the upper three cervical 

sensory nerves enter the upper cervical spinal cord and 

converge on neurons of the spinal tract and spinal nu

cleus of the trigeminal nerve. This region has been called 

the tligemino-cervical nucleus (Bogduk et a I . ,  1 985). The 
specific location of pain referral depends on the central 
neurons stimulated by the incomi.ng cervical fibers. 
Therefore, after injury to the upper cervical region ,  pain 
can be interpreted as arising from as far away as the an
terior aspect of the head (trigeminal nerve, C2 ventral ra
mus) or the subOCCipital region to the scalp above the 

vertex of the sku l l  (region innerva ted by [C 1 ]  C2 and C3 
dorsal rami) . 

The spinal nerves of C4 through C8 exit through their 

respective IVFs (e .g. , C4 through the C 3-4 IVF, C8 

through the C7-T 1 TVF). The dorsal rami are quickly 

given off and pass pos teriorly, medial to the postelior 
intertransversarii muscles , which they supply. They then 
divide into medial and lateral branches. The medial 

branches of C4 and C5 (occasionally C6) divide into a su
perficial and deep branch. The dorsal rami of (C6) C7 

and C8 do not cl ivide and only have deep medial 

branches. The superficial branches help to supply the 

semispinalis cervicis and capitis muscles and then send 
cutaneous fibers to provide sensory innervation to the 
skin of the posterior neck. The deep medial branches of 
the dorsal rami run to the multifi muscles, where they 

provide a very specific innervation. Each ne rve supplies 

those muscle fibers that attach to the spinous process of 

a segmental level numbered one less than the nerve. 
Therefore the C5 deep medial branch supplies those 

multifidus fibers that insert onto the C4 spinous process 

(Bogduk, 1 982). The deep medial branches of C4 to C8 
also supply the Z joints. Each deep medial branch sends 

a rostral branch to the Z joint above and a caudal branch 
to the Z joint below. These branches nlO along the dor
sal aspect of the joints within the pericapsular fibrous tis
sue (Bogduk, 1 982). The lateral branches of the C4 to C8 
dOl-sal rami help to supply the semispinalis capi tis, 

longissimus cervicis, splenius cervicis, and iliocostalis 

cervicis muscles (C8). 
Since many structures of the cervical region that can 

produce pain receive their sensolY supply from dorsal 
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rami ,  certain diagnostic procedures and therapies for 
neck and head pain have been directed specifically at 
these nerves (Bogcluk, 1 989a; Bogduk, 1 989b). 

Ventral rami. Each ventral ramus of the cervical re

gion leaves its mL'(ed spinal nerve of origin and then ex

its the spine by passing posterior to the vertebral artelY 

and then between the anterior and posterior intertrans
versarii muscles. The cervical ventral rami innervate the 
anterior muscles of the cervical spine, including the 
longus capitis, longus colli, and rectus capitis anterior 
and lateraJis muscles. The atlanto-occipital joints and the 
median ami lateral atl<lnto-axial joints are innervated by 

the Cl and C2 ventral rami, respectively (Bogd uk,  1 982). 
Boglluk ( 1 986a) stated that abnormal pOSition (sub

luxation) of a lateral atlanto-axial jOint, compressing the 
C2 ventral ramus, is the most likely cause of neck-tongue 

syndrome. This syndrome includes suboccipital pain 
with simultaneous numb ness of the tongue on the same 
side. The author explained the tongue num bness by the 
fact that some proprioceptive fibers to the tongue ac
company the hypoglossal nerve and then pass through 
the ventral ramus of C2.  Such "n umbness" is ana logous 

to that reported in Bell 's palsy, in which the proprio

ceptive fibers of the seventh cranial nerve give the sen
sation of numbness over a region of the face that re

ceives i ts sensory innervation from the trigeminal nerve. 
The cervical ventral rami also help to supply the 

vertebral bodies, anterior longitudinal ligament, and 
anterior aspect of the IVD with sensory innervation. 
These latter s tructures a lso receive sensOlY innervation 
from fibers ariSing from the sympathetic chain (Fig. 5-1 8) 

and from the autonomic fibers associated with the ver
tebral artelY (Bogdu k  et aI . ,  1 988; Groen, Baljet, & 

Dmkker, 1 990). A thorough understanding of the spe

cific sensory innervation to the anterior s tructures of the 

spine is important because these stmctures can be dam

aged du ring an extension injury or during the accelera
tion portion of an acceleration/deceleration injll lY 
(Foreman & Croft, 1 992). Therefore the autonomic 
fibers associated with the recurrent meningeal nerve, 

the sympathetic chain itself, and the vertebral artery are 

listed in the following discussion.  
The ventral rami of cervical spinal nerves a lso form 

the cervical anel brachial plexuses, which innervate the 
anterior neck anel upper extremities. These neural e le
ments are discussed at the end of this section. 

Recurrent MeningeaJ Nerve. The recurrent men
ingeal nerves are also known as the sinuvertebral nerves. 

In the cervical region, each nerve originates from the 
ventral ramus anel then receives a contribution from the 
gray communicating ramlls and other sympathetic 

nerves that run with the vertebral artery (Groen et a I . ,  
1 990) (Figs. 5 - 1 8  and 5- 1 9) .  The recurrent men ingeal 

nerve then courses med ially, through the medial aspect 
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of the IYF and anterior to the spinal dura .  This nerve sup

plies the posterior aspect of the IYD, the posterior lon

gitudinal ligament, the anterior spinal dura mater 

(WiUiams et a1 . ,  1 989), the posterior vertebral bodies, 

and the uncovertebral joints (Xiuqing, Bo, & Shizhen, 

1 988). Usually the recurrent meningeal nerve supplies 

these structures at  the level where it enters the vertebral 

canal and then continues superiorly to innervate the 

same structures at the vertebral level above, although 

the distribution varies (Groen et aI . , 1 990). 

More than one recurrent meningeal nerve is usually 

present at each vertebral level (Groen et a I . , 1 990). The 

recurrent meningeal nerves of the cervical region prob

ably can)' both vasomotor fibers, derived from the sym

pathetic contribution, and general somatic afferent 

fibers (including nociceptive fibers), arising from the 

ventral rami (Bogduk et a I . ,  1988). 

The recurrent meningeal nerves of C 1 ,  C2, and C3 
have relatively large meningeal branches that ascend to 

the posterior cranial fossa. As they course superiorly to 

reach the posterior cranial fossa, they supply the atlanto

axial joint complex (also supplied by the ventral ramus 

of C2), the tectorial membrane, components of the cru

ciate ligament, and the alar ligaments (Bogduk et a1 . ,  

1 988). Once in the posterior cranial fossa, they help to 

supply the cranial d ura mater, including the region of 

the cl ivus, which is supplied by the recurrent meningeal 

nerve of C3 (Bogduk et a I . ,  1 988). These meningeal 

branches probably are related to the pain referral pat

terns associated with disorders of the upper cervical 

spine and occipital headache (\'(fill iams et aI . ,  1 989). 

( n iell "} mp.lllu .. l CS . This section focuses on 

those aspects of the sympathetic nervous system most 

closely related to the general anatomy of the cervical 

spine. The specific anatomy of the cervical sympathetics 

is discussed in Chap ter 1 0 .  The cervical sympathetic 

chain lies anterior to the longus capitis muscle. It is com

posed of three ganglia: superior, middle, and inferior. 

The superior ganglion is by far the largest, and it is posi

tioned inferior to the OCCiput and anterior to the TPs of 

C2 and C3. The m iddle cen'ical ganglion is not always 

present. When it is present, it  lies anterior to the TP of 

C6. Usually the inferior ganglion unites with the first tho

racic ganglion to form t he cervicothoracic (stellate) gan

glion, located j ust inferior to the TP of C7. 

The relationships at  the sympathetic p lexus surround

ing the vertebral artel), are rather complex (Fig. 5-1 9) .  
Because of the intimate relationship o f  this plexus with 

the vertebral artery and the spinal structures innerva ted 

by this plexus, it is discussed here. Chapter 10 also dis

cusses this plexus in the context of the entire autonomic 

nervous system. 

The plexus surrounding the vertebral artery has been 

referred to as the vertebral nerve (Edmeads, 1 978) . 

Other authors (Gayral & Neuwirth, 1 954; Xiuqing et a I . ,  

1 988) state that  of  the nerves surrounding the vertebral 

artery, the vertebral nerve is the largest of the several 

branches that arise from the cervicothoracic (steUate) 

ganglion to follow the vertebral artery through the fora

men of the TP of C6. This d iscussion uses the term ver

tebral nerve only when discussing the previously men

tioned large branch of the stellate ganglion. The term 

vertebral plexus of nerves is used to refer to the neural 

network surrounding the vertebral artery. 

In addition to the branches of the cervicothoracic gan

glion that reach the vertebral artery, a branch (or 
branches) from the midd le cervical gangUon and some

times branches from intermediate ganglia join the verte

bral pleXllS of nerves above the level of C6 (Xiuqing et 

aI. ,  1 988). The branch from the middle cervical ganglion 

runs lateral to either the C5-6 or C4 .. 5 uncovertebral joint 

before reaching the vertebral artery. The superior part of 

the plexus surrounding the vertebral artery is joined by 

branches directly from the ventral rami of e l and C2 

CBogduk, Lambert, & Duckworth, 1 98 1 )  and C) (Xi uqing 

et aI. , 1 988) . Most of the large nerves accompanying the 

vertebral arte1), are gray rami communicantes that follow 

the artery superiorly to join the ventral rami of C3 to C6 

(Fig. 5- 1 9) .  Other branches of the vertebral artery nerve 

plexus supply sensory innervation to the lateral aspects 

of the cervical IVDs (Bogduk, Windsor, & Inglis, 1 988) . 
A deeper and more dense pleXllS of nerves also sur

rounds the vertebral artel)' . This deeper plexus is de

rived from smaller branches of the vertebral nerve, the 

stellate, middle and intermediate cervical ganglia, and 

cervical ventral rami .  These fibers form vascular 

branches that create a dense neural plexus around the 

vertebral artery. The vertebral arteries themselves have 

been found to be capable of producing pain. The affer

ents for their nociceptive sensation run with the auto

nomic fibers. Therefore, i rritation of these fibers by de

generative spur forma tion of the upper cervical Ull

covertebral or Z joints may be a cause of headaches 

(Ed meads, 1 978). 

�crvcs of lhe \ntcriur �t:ck. This section and the 

sections that follow discuss the neural, muscular, vascLI

lar, and visceral structures of the anterior neck. Even 

though an extensive description of the anatomy of this 

region is beyond the scope of this text, the previously 

mentioned structures of the neck are so intimately re

lated to the cervical spine that covering them in ade

quate detail is im portant. Also, t1exion ami extension 

injuries to the cen'ical region, commonly known as 

"whiplash i njuries , "  are quite p revalent (Foreman & 

Croft, 1 992). Such injuries vary considerably in sever

ity ancl can result in damage to a variety of anatomic 

structures. Injury to the anterior longitudinal ligament, 

posterior longi tudinal l igament, interspinous ligament 

(ligamentum nuchae) , NDs, vertebral end plates , odon

toid process, spinous processes, Z joints, muscles, 
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FlG. 5· 1 9  Sympathetic plexus surround ing the vertebral artery. The pedicles have been cut coronally, and the vertebral bodies 

and transverse processes have been removed to reveal an anterior view of the neural elements. Rigl1t, One vertebral artery was 

spared. Notice several branches from the stellate ganglion coursing to this vertebral artery. The largest of these branches is some· 

times known as the vertebral nerve. Also, notice several gray communicating ram i  (GR) contributing to the vertebral artery sym

pathetic plexus. Le/t, Co mponents of th is plexus after the vertebral artery has been removed . Notice that the GR branch consicl

erably and send twigs to join branches of adjacent GR. In addition, the GR sends twigs to ventral ram i  of the same level, the level 

above, and the level below. Other twigs of the plexus unite with branches of the ventral rami to form recurrent men ingeal nerves. 

The recurrent men ingeal nerves, in nll-n, course meclially to enter the vertebral canal. Branches of the plexus a lso innervate the 

vertebral artery i tself by passing into the artelial walls (see text for further details). The ventra l  rami of the mixed spinal nerves 

eUl be seen uniting to form the cervical and brachial plexuses on the right side of the i l lustration. Notice that the vertebral ;lner), 

is sending a smaU arterial branch to the C2 spinal nerve. This branch can be seen dividing into anterior and posterior radicular ar

telies. These branches, which are normally found at each vertebral level, have been removed from the remaining levels to display 

the neural elements more clearly. 
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esophagus, sympathetic trunk, temporomandibular 

joint,  c ranium, and brain have aU been reported , either 

through experi mental studies or du ring clinical exami

nation, after flexion and extension injury to the cervical 

region (Bogdu k ,  1 986b). In addition, proper exam ina

tion of the cervical region includes an examination of 

the anterior neck . Therefore the following sections de

scribe the most clinical ly relevant relationships of the an

terior neck, beginning with the nerves. 

The nerves of the anterior neck include the ventral 

ra mi of the cervical nerves. These ventral ra m i  make up 

the cervical and brachial (includ ing T 1 )  plexuses (Fig. 

')-20). Also, several cranial nerves (CNs) are found in the 

anterior neck .  These include the glossopharyngeal (CN 

IX), the vagus (CN A), the accessory (CN X1), and the hy

poglossal (CN XII) nerves. The cervical and brachial  

plexuses are d iscussed in modest detai l ,  and the most 

re levant points of CNs IX through XII are covered . 

Ventral ramus of Cl. This ramus passes laterally 

around the superior articular process of the atlas. It lies 

anterior to tbe vertebral artery in this region and runs 

medial to the artery as the nerve passes med ial to the rec

tllS capitis lateral is muscle (which it suppl ies) to exit 

above the TP of the atlas. The ventral ramus of Cl re

ceives some .tibers from the ventral ramus of C2, and to

gether these fibers join the hypoglossal nerve. Some 

fibers of the ventral ramus of C l  follow the hypoglossal 

nerve proximally and help provide sensory innervation 

to the d ura mater of the posterior cranial fossa. (Agur, 

1 991) .  However, most fibers of the ventral ramus of C 1 

continue d ista l ly a long CN XII and then give several 

branches that leave CN XII.  The first such branch partic

ipates in the ansa cervicalis and is known as the superior 

(upper) root of the ansa cervicalis (descendens hy
poglossi). The next branch is the nerve to the thyrohy

oid ,  wh ich innervates the thyrohyoid muscle. The nerve 

to the geniohyoid is the last branch. It i nnervates the 

muscle of the same name. 

Cervical plexus. The cervical plexus can be divided 

into a sensory and motor portion.  The sensory portion of 
the cervical plexus is more superficially placed than the 

motor portion. The named nerves of the sensory portion 

(Fig. 5-20) are formed deep to the sternocleidomastoid 

muscle (SCM) by the union of individual C2 to C4 ven

tra l ram i .  The named nerves course around the posterior 

surface of the SCM and emerge from behind its midpoin t  

i n  proximity to one another. They then proceed i n  dif

ferent d irections to reach t heir respective destinations. 

The named nerves of the sensory (superficial) part of the 

cervical plexus and their ventral rami of origin are re

viewed in Table 5-9 (and Fig.  5-20) . 

The motor portion of the cervical plexus l ies deep to 

the sensory portion and is located within the anterior tri

angle. The motor portion makes up the ansa cervicalis 

(Fig. 5-20). The two l imbs (roots) of the ansa cervicalis 

are the following: 

• Cl ventral ramus (see preceding d iscussion): pro

vides separate motor innervation to the thyrohyoid 

and geniohyoid muscles and also forms the superior 

root of the ansa cervicalis (uescendens hypogl ossi) 

• C2 and C3 ra mi :  combine to fo rm the inferior root 

of the ansa cervica lis (descendens cervicalis) 
Together the superior and inferior roots combine to 

form the ansa cervical is. Branches of this neural loop 

provide motor il1Jlervation to all of the infrahyoid (strap) 

muscles ( i .e . ,  both bell ies of the omohyoid, the ster

nohyoid, and the sternothyroid), except the thyrohyoid 

muscle, which is supplied by the ventral ramus of C I .  

The phreniC nerve is also consid ered to be a part of 

the cervical plexus. It arises from the ventral rami of (;3 ,  
C4, and C 5 ,  with C4 providing the most significant con

tribution. The phrenic nerve provides motor and sen

sory innerva tion to the d iaphragm . OccaSionally an ac

cessory phrenic nerve arises from the ventral ram i  of C5 

and C6. When present, the accessory phrenic nerve 

branches from the nerve to the subc lavius and courses 

to the d iaphragm. 

Brachial plexus. The brachial plexus (Fig. ')-20) is 

formed by the ventral rami of C5 through T I . The ven

tral rami that participate in formi ng the brachial pleXLlS 

are referred to as the " roots" of the brachial plexus. The 

ventral rami (or roots of the plexus) form trunks, the 

trunks form anterior and posterior d ivisions, the d ivi

sions form cords,  and the cords end as term inal 

branches. The brachial plexus is cliscllssed in more deta i l  

in the following section. \Vbere appropriate, the spinal 

cord segments that contribute to the formation of the i n

dividual named nerves are included in parentheses fol

lowing the named nerves, for example, rad ial nerve 

(C5,6,7,8,T l ) .  

The ventral ra m i  o f  C5 ancl C 6  form t h e  upper trunk of 

the brachial p lexus. The ventral ramus of C7 remains 

free of the complex relationships seen in the other rami 

and forms the middle trun k by itself. The C8 and Tl ven

tral ra m i  converge to form the lower trunk. A few 

Table 5-9 Sensory Portion of Ce rvica l Plexus 

Nerve Cord segments Destination 

Lesser occipital C2 (C3) 
nerve 

Great auricular C2, C3 
nerve 

Transverse C2, C3 
cervical nerve 

Supraclavicu lar C3, C4 

nerve 

Masroi<i region and supe

rior aspect of ear 

Ear ancl region overlying 

angle of manclible 

Anterior neck 

Media l ,  intermediate, ancl 

lateral branches to skin 

over clavicle and del

toid mllscle 



Hypoglossal n .  

Superior root of 
ansa cervicalis 

Inferior root of 
ansa cervica l i s  -------=----:=.1 
Ansa cervicalis --------,-:. 

Musculocutaneous n. ---------=" 
Axillary n .  -------'==--=-

Axi l lary a. -------=;,.:..".� 

Median n .  

t .  

Radial n .  'y . I X .  

q . 
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I .  
n . o. 

Subclavian a.  
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--- C l  

___ Vertebral 
body C5 

Vertebral a .  

Common 
""!r1r---- carotid a .  

Brachiocephalic 
trunk 

FIG. 5-20 Nerves of the cervical region, including the cervical plexus and the brachial plexus. Notice that the anterior primary 

divisions (ventral rami) exit posterior to the vertebral artery. The anterior primary divisions of Cl through C4 (with a contribution 

from C5 to the phrenic nerve) form the cervical plexus, and the anterior primary divisions of C5 through Tl form the roots of the 

bn:chial plexus. The fol lowing structures are identified: a, anterior primary division (ventral ramus) of C l ,  uniting with the hy

poglossal nerve; b, lesser occipital nerve; c, great auricular nerve (receives contributions from both C2 and C3 ventral rami); 

d, transverse cervical nerve, also known as the transverse cutaneous nerve of the neck (also receives contributions from both C2 
and C3 ventral rami); e, supraclavicular nerve (common trunk of origin for lateral, intermediate, and medial supraclavic ular nerves); 

f, dorsal scapular nerve from C5 ventral ramus would be given off here; g, upper trunk of the brachial plexus; b, middle tnmk; 

i, lower trunk; j, suprascapular nerve; k, anterior division of upper trunk of the brachial plexus; I, anterior division of middle 

trunk; In, anterior division of lower mmk; n, posterior division of upper trunk of the brachial plexus; 0, posterior division of mid

dle tfllnk; p, posterior division of lower tnmk; q, lateral cord of the brachial plexus; r, posterior cord; s, medial cord; t, lateral pec

toral nen'e; u, contribution of the lateral cord to the median nerve; v, contribution of the medial cord to the median nerve; w, vari

ant additional contribution of medial cord to the median nerve; x, medial brachial cu taneous nen'e (medial cu taneous nerve of the 

arm); y, medial antebrachial cutaneous nerve (medial cutaneous nerve of the forearm); z, ulnar nerve. The medial pectoral nerve 

is shown arising from the inferior aspect of the medial cord (s). From proximal to distal, the upper subscapular, thoracodorsal, and 

lower subscapular nerves are shown arising from the posterior cord (r). The long thoracic nerve, which arises from the ventral 

rami of C5, C6, and C7, is not shown in this illustration. 
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important branches a rise from the ventral rami before 

they form tru nks. The first is the dorsal scapular nerve, 

wh ich branches from the C 5  ramus and p rovides motor 

i nnervation to the rhom boid major and minor muscles 

and occasionally to the levator scap u lae muscle.  

Branches of the fifth, sixth,  and seventh ven tra l ra m i  

form the long thoracic nerve ( o f  Charles Bell), which in

nervates the serratus anterio r muscle. 

The sup rascap u b r  nerve branches from the upper 

tru n k  (it is therefore derived from C5 a nd C6). It courses 

through the scapular notch (beneath the superior trans

verse scapular ligament) to in nervate the supraspi o atus 

and infraspinatus muscles. The suprascap u lar nerve also 

sends a rticular twigs to the shoulder joint and the 

acromioclavicular jOiot .  The nerve to subclavius muscle 

(C5,6), which also branches from the upper tnll1k (C5 

and C6), supplies the small muscle of the same name. 

The nerve to the subclavius usually sends a communi

cating bra nch to the p h re n ic nerve (usually from the C5 

contribution) .  

T h e  trunks divide into anterior and posterior d ivisions. 

The anterior divisions of the upper and midd le tnll1ks 

unite to form the late ra l cord . The antel10r division of 

the lower trunk remains alone to form the medial  cord , 

and all  the posterior d ivisions unite to form the posterior 

cord . 

The cords of the brach ial plexus are named according 

to their ana tomic rela tionship to the axi l lary artery (i .e . , 

latera l cord is lateral to a rtery, etc.).  The cords them

selves have branches. The lateral cord has a branch 

cal led the lateral pectoral nerve (C S ,6 , 7), which i nner

vates both the pectora lis major and minor muscles. 

The medial cord gives off tbe medial pectoral nerve 

(C8,T l ), which i n ne rvates the pectoralis minor mus

cle , and a few branches may help to su pply the pec

toral is major (Wil l iams et at. , 1 989) The posterior 

cord gives oJl the superior or upper (C5 ,6) and inferior 

or lower (C 5 , 6) subscapular nerves and the thora

codorsal (middle subscapular) nerve (C6 , 7  , 8) .  The upper 

subscapular nerve supplies the subscapu l a ris muscle. 

The thoracodorsal nerve supplies the latissimus dorSi 

muscle, and the inferior s ubscapu lar nerve supplies the 

teres major m u scle and helps to supply the subscapu

l a ris muscle. 

The cords end as terminal branches of the brachial 

p lexus. The l atera l cord clivides into the musculocuta

neous nerve (C5,6,7) and a large contributing branch to 

the media n nerve (C[ 5 ] ,6,7) .  The musculocutaneous 

nerve p rovides motor innervation to the flexor muscles 

of the a rm aod sensory in nervation to the l ateral forearm. 

The median nerve is d iscussed i n  more detai l  i n  the fol

lowing section . 

The medial cord provides the medial brachial (C8 , T l )  

and med ial  a ntebrachial  (C8 ,Tl) cutaneous nerves (sen

sory to a rm a n d  forearm ,  respectively) before d ividing 

into the u l na r  nerve (C [7] ,8,T l )  and the medial cord 

contribution to the median (C8,T 1 )  nerve. The ulnar 

nerve sends articular branches to the elbow and wrist, 

motor fibers to one and a haU· muscles of the forea rm, 

and the majority of the intrinsic muscles of the pa l m .  

The ulnar nerve i s  also sensory to the medial d istal fore

arm and medial band (medial palm , fifth digit, ulna r  side 

of the fo urth d igit). 

Recall that both the lateral and the medial cords par

ticipate i n  the formation of the med ian nerve 

(C [5] , 6 , 7 , 8 , T 1 ) .  This nerve provides articuiJr branches 

to the elbow and wrist joints, motor i nnervation to the 

majority of the muscles of the anterior forearm, and in

nervation to hve muscles of the palm (three thenar mus

cles, first two lumbricals). In addition, the median nerve 

provides sensory innerva tion to the latera l aspect (rad ial 

side) of the pal m ,  the a nterior aspect of the first three 

and a half digits, and the d istal aspect of the posterior 

su rface of the first three a nd a half digits. However, the 

sensory innervation to the ha nd is subject to significant 

va riation . 

The posterior cord ends by d ividing into the axil

lary (C5 ,6) a nd radial  nerves (C5 , 6 , 7 ,8,T l).  The axillary 

nerve courses through the quad ra ngular space (space 

between the teres mi nor, teres major, long head of 

the triceps muscles, a n d  surgical neck of the humerus), 

supplying motor innervation to the teres minor ;ll1d 

the delto id muscles. In addition, the axi l lary nerve pro

vides sensory innervation to the upper lateral aspect of 

the arm . 

The radial  nerve provides motor and sensory inner

vation to the posterior a rm and fo rearm. It a lso gives 

articular branches to the elbow and wrist joints . In addi

tion, the radial nerve provides sensory innervation to tile 

lateral aspect of the do rslim of the hand and the dorsal 

aspect of the first two and a half digits (except for the 

distal portions of these digits that are innervated by the 

median nerve). Chapter 9 provides additiona l informa

tion on the large terminal branches of the brachial 

plexus. 

Vagus nerve. The vagus nerve exits t ile j ugular fora

meo of the posterior cranial  fossa and courses inferiorly 

throughout the entire l ength of the neck.  Accompanying 

the vagus nerve in its co urse through the neck a re the i n

te rnal j ugular vein ;ll1d the internal a nd common carotid 

arteries. These structures are wrapped in a fibrous tissue 

sheatb known as the carotid sheatll. The vagus nerve is 

located within the posterior aspect of the carotid sheath 

between the internal jugu lar ve in,  wh ich is lateral to it, 

and the internal carotid artery, which is medial to i t .  

Inferiorly, t h e  vagus nerve l ies between the internal 

jugular vei n  a nd the common ca rotid artery. 

The vagus nerve has several branches in the neck: 

• Pharyngeal branch. T h is nerve participates in the 

pharyngeal pIeXLlS, wh ich supplies motor and sensory 

innervation to the pharynx.  



• Sllperior Icn)'llgeal nerl'e. This nerve divides into two 

branches. The first.  the i nternal laryngeal nerve, 

pierces the thyrohyoid membrane to provide sensory 

innervation to laryngeal structures above the true vo

cal folds. The second branch, the external lalyngeal 

nerve, Il.II1S inferiorly to i nnervate the cricothyroid 

muscle and also helps to supply the inferior constric

tor muscle wi th motor i nnerva tion.  

• Nerz'e to the carotid body. This nerve suppl ies sen

sory in nervation to the chemoreceptor of the same 

name. It also may help to in nelvate the carotid sin us, 

the baroreceptor located at  the bifurcation of the 

common carotid artery into the internal and external 

carotid arteries. 

• Cardiac nerfJes. Several cardiac nerves enter the tho

rax and participate in the cardiac p lexus of nerves. 

The cervical cardiac nerves of the vagus provide 

parasympathetic i nnelvation to the heart. 

• Recurrent laryngeal nerve. This nerve loops around 

the su bclavian arrel)' (from anterior to posterior) on 

the right to run in the groove between the trachea a nd 

the esophagus (tracheo-esophageal groove) . It pro

vides motor i n nervation to all the m uscles of vocaliza

tion with the exception of the cricothyroid m uscle, 

which is innervated by the external laryngeal nerve. 

The left recurrent laryngeal nerve wraps around the 

arch of the aorta (from anterior to posterior) j ust lat

eral to the ligamentum arteriosum a nd conti nues su

periorly in the left tracheo-esophagea l groove. 

Cranial nerves IX, Xl, XlI. As with the vagus nerve, 

the glossopharyngeal nerve (CN IX) exits the posterior 

cranial fossa by passing through the j ugular foramen. It 

courses along the posterior pbarynx j ust lateral to tbe 

stylopl1al)'ngeus muscle, wh ich it supplies. CN IX enters 

the pharynx together with the stylopharyngeus m uscle 

by passing between the superior and middle constric tor 

muscles and term inates on the posterior third of the 

tongue. This branch suppl ies both genera l sensation a nd 

Table 5-10 Infrahyoid Muscles ancl SCM 
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taste sensation to this region of t he tongue . The glos

sopharyngeal nerve also participates in the pi1a l)'ngeal 

plexus of nerves. This plexus supplies both motor and 

sensol), innelva tion to the phal)'nx.  In addit ion,  CN L,( 
with the vagus supplies sensory fibers to the carotid 

body and sinus. It  a lso provides the parasympathetic 

fi bers that eventual ly become the lesser petrosal nerve. 

This nerve synapses in the otic ganglion, and the post

ganglionic fibers supply secretomotor fi bers to t he 

parotid gla nd.  

The accessory and hypoglossal nerves (CNs XI and 

XII) are located in the superior neck j ust behind the 

posterior belly of the digastric mu sc le . The accessol)' 

(spinal accessory) nerve en ters the carotid triangle by 

coursing behind the posterior beUy of the d igastric and 

enters the posterior aspect of the SCM. It  innervates this 

muscle before continuing posteriorly to supply the 

trapezius muscle. 

The hypoglossal nerve (CN XII) en ters the neck dorsal 

to the posterior belly of the digastric, courses anteriorly 

and sl igh tly i nferiorly, and then exits the neck by passing 

medial to the intermediate tendon of the digastric m us

cle . It continues deep to the mylohyoid muscle and sup

plies the intrinsic and extrinsic (except the palatoglossus 

muscle, supplied by CN X-phal)'ngeal branch) muscles 

of the tongue. 

Muscles of the Anterior Neck 
The muscles of the anterior neck (Fig. 5-2 1 )  can con ve

n iently be divided into those below the hyoid bone On
frabyoid muscles) and those above the hyoid bone 

(suprahyoid muscles). The salient features of these 

two groups of muscles are l isted in  Table 5- 1 0  and Table 

5-1 1 for easy reference. 

I n  addition to t he infrahyoicl a nd suprahyoid m uscles, 

the SCM a nd the scalene muscles are also associated 

with the a nterior aspect of the cervical spine and neck. 

The principal features of the scalene muscles are listed 

Muscle Origin blsertion Nerve Function Notes 

Sternocleidomastoid Manubri u m ,  proximal Mastoid Accessory (eN XI), Bilaterally flex neck, Unilateral ly ,  lat era l l y  

c lavicle process ventral rami extend head flex same side, rorate 

(C2 ,3(4])  h e a d  ro opposite side 

Omo hyoid Scapular notch Hyoid bone Ansa cervicalis Depress hyoid hone Superior and inferior 

(C l -C3) bellies d ivided by 

intermediate tendon 

Sterno hyoid Posterior manu brium Hyoid bone Ansa cervicalis Depress or stabil i ze 

(C l -C3) hyoi(1 bone 

Srernothyroid Posterior Ol � n llbrium ThyrOid Ansa cervicalis Depress or stabilize 

CJI1ilage (C l-C3) t h yroid cartilage 

Thyrohyoid Thyroid carti lage Hyoid bone C l  Elevate thyroid car-

tilage, depress 

hyoid bo ne 
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Anterior belly  of 
d igastric m. ...-...,.....; .... �F::....::--=------:---t- Mylohyoid m. 

Submandibular 
gland 

Thyrohyoid m. 

Sternothyroid m. 

_ ._--L.+---r_,--_ Superior bel ly 
of omohyoid m. 

-ii�+-- Sternohyoid m .  

· .......... �-Sternocleidomastoid m. 

FIG. 5-2 1  Anterior dissection of the neck. The suprahyoid and infrah)'oid muscles are 

shown. The sternohyoid muscle has been removed on the right side of the cadaver to demon

strate the sternothyroid and thyrohyoid muscles more c1earl)'. 

Table 5-1 1  Suprahyoid Muscles 

Muscle Origin Insertion Nerve Function Notes 

Digastric Mastoid Digastric fossa of Posterior beUy-CN VlI; Elevate hyoid, move hyoid 

anteriorly or posteriorly 

Anterior and posterior 

bellies separated by 

an intermediate 

tendon 

process mandible anterior beJJy-CN V3 

(nerve to mylohyoid) 

Mylohyoid Mylohyoid line Median raphe, CN V3 (nerve to mylo- Elevate hyoid and floor of 

oral cavity of mandible hyoid bone hyoid) 

Geniohyoid Genial spine of Hyoid bone Ventral ramus C l  Elevate hyoid bone 

mandible 

in Table 5- 1 2 .  Because of its importance, the SCM is 

discussed next. 

"it 1 It. d()m.l�t ) .1 1\ II l It The sternocleidomas

toid (SCM), or sternomastoid muscle is a prominent and 

important muscle of the cervical region. Its origin, inser

tion, innervation, and function are listed in Table 5-10.  

As shown in the table, when it contracts unilaterally, the 

SCM latera l ly flexes the neck to the same side and rotates 

the face to the opposite side. Occasionally this muscle 

becomes abnormally tight, holding the neck in the later

ally flexed and contralaterally rotated position. This is 

known as torticollis, or "wry neck . "  Torticollis is caused 

by a variety of factors, including prolonged exposure 

(e .g . ,  a night of s leep) in the presence of a cool breeze, 

congenital torticollis, neurologic torticollis, and un

known causes (idiopathic). 

In addition to its innervation from the accessory 

nerve (CN XI), the SCM receives some fibers of innelva

tion from the ventral rami of C2-C4 . These are thought 

to be primarily proprioceptive, although some authors 

believe that a small proportion of motor fibers may 

also be present. The presence of motor fibers from cer

vical ventral rami would explain reports of individuals 
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Table 5- 1 2  Scalene M uscles 

Origjn Insertion Nerve Function Notes 

Anterior scalene 
AJ1lerior tubercles of 

C3-C6 TPs 
Antelior aspect of 

fir�t rib (scalene 
tubercle) 

A.J1lerior primary divisions 

of C4-C6 

Combination of flexion 
and lateral flexion of 
neck, rotate neck to op
posite side, elevate first 
rib 

Subclavian vein passes an
telior to th is muscle 

Middle scalene 
TP of C2 (sometimes 

C J ), posterior tu
bercles of C,-C7 
TPs 

Anterior aspect of 
first rib, poste
rior to inseJiion 
of an terior 
scalene 

Anterior primary divisions 

of C3-C8 

Com bination of flexion 
and lateral flexion of 
neck, rotate neck to op
posite side, elevate first 
rib 

Largest of scalene muscles; 
su bclavian artery and 

roots of brachial plexl ls  
pass between this 
muscle and anterior 
scalene 

Posterior scalene 
Posterior tubercles 

of C4-C6 TPs 
Lateral aspect of 

second rib 

Anterior primary divisions Lateral flexion of neck, el- Smallest of scalene 
muscles of C6-C8 evate second rib 

TPs. Transv"'fse processes 

retaining some SCiY! function after their CN XI had been 

severed . 

Vascular Structures of the Anterior Neck 

I ymphatics of tJ1C Head and cck. Lymphatics of 

the face and head drain inferiorly into the pericervical 

lymphatic col lar. This collar consists of a series of con

nected lymph nodes, which form a chain that encircles 

the junction of the head and the neck.  The co l lar con

sists of the following groups of nodes (from posterior to 

anterior): occipital ,  postauricular (retroanricular), preau

ricular, submandibular, and submental. These lymph 

nodes are drained by lymphatic channels, which eventu

ally drain into the deep cervical lymph nodes, located 

a long the internal j ugu lar vein. The deep cervical lymph 

nodes empty into the thoracic d uct on the left side and 

the right lymphatic duct on the right side. 

.Major A rteries of the Anterior Neck. The major 

arteries of the anterior neck (Fig. 5-22) begin in the 

base (ront) of the neck. The root of the neck lies be

tween the neck and the thorax. This region is bOlUlded 

by the first thoracic vertebra, the first rib, and the 

manubrium of the sternum. The principal arteries of 

this region are the right and left subclavian and the right 

and left common carotid. The right su bclavian and right 

common carotid arteries are branches of the brachio

cephalic trul1k from the aortic arch. The left subclavian 

a nd left common carotic! arteries branch directly from 

the aortic arch.  

Subclavian arteries. The branches of the first part 

of the subclavian artery (from its origin to the medial 

border of the anterior scalene muscle) are listed next. 

1 .  Vertebral artery. This artelY enters the foramen of 

the TP of C6 and ascends the cervical region through 

the foramina of the TPs of the remaining five cervical 

vertebrae. This artery is discussed in detail earlier in 

this chapter. 

2 .  Internal thoracic artery. This artery passes inferiorly 

into the thorax along the posterior aspect of the an

terior thoracic wall. 

3. Thyrocervical trunk. This artery has several 

branches: 

a. Inferior thyroid artery. This branch provides the 

ascending cervical artelY before supplying the 

inferior aspect of the thyroid gland.  The ascend

ing cervical artery helps to supply the neck mus

culature and the posterior elemen ts of the cervical 

vertebrae . 

b. SuperfiCial (transverse) cervical artery. This 

artery supplies the superficial and deep back mus

cles of the cervical amI upper thoracic regions. 

c .  Suprascapular artery. This artery supplies several 

muscles of the scapula. 

The following are branches of the second part of the 

subclavian artery (between the medial and lateral bor

ders of the anterior scalene muscle). 

4. Costocervical trunk. This short artery divides into 

two branches: 

a .  Deep cervical cf.rtery. This branch he lps to supply 

the posterior neck musculature and the posterior 
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Facial a .  

Hypoglossal n .  

Stylohyoid m .  

A Lingual a .  

Superior 
thyro id a .  

Thyrohyoid m .  

Sternohyoid m . _ 

Hypoglossal n .  

Lingual a .  

In ternal 
laryngeal n. 

B Superior 
thyroid a .  

Thyrohyoid m .  

Common 
carotid a .  --,------.....,-...,. 

Vagus n .  

Occip i tal a .  

Internal 
iugular v. 

Ansa 
cervical i s  

Occipital a .  

I nternal 
iugu lar v .  

Carotid sinus 

Ansa cervical is 

HG. 5·l2 Anterolateral dis

section of the neck showing 

the internal j ugular vein, 

common carotid artery, and 

external carotic! artery and 

several of its branches. The 

internal jugular vein has been 

moved lateral ly  in B to reveal 

the left vagus nerve, which 

l ies berween the internal 

jugular vein and the common 

carotid artel)' Superior to the 

bifurcation of the common 

caroric! a rtery, the vagus 

nerve l ies between the inter

nal  jugular vei n  and the inter

nal carotid artel)'. The a nsa 

cervicaJis can be seen loop

ing across the internal jugular 

vein in both A and B. 



arches of the cervical vertebrae . 

b. Highest intercostal artery. This branch runs to the 

first rwo intercostal spaces. 

5 Dorsal scapular artelY. This is a branch from the 
third part of the subclavian (bet\veen the lateral as

pect of the anterior scalene muscle and the first rib) 

and is only present when there is no deep branch of 

the superficial (transverse) scapular artery. It supplies 

the superficial and deep back muscles of the upper 

thoracic region. 

Carotid arteries. The common carotid artery di

vides into the internal and external carotid arteries (Fig. 

5-22). Before its bifurcation, the common carotid artery 

expands to form the carotid sinus, which contains 

baroreceptors to monitor blood pressure. At  the bifurca

tion of the common carotid artery into its internal and 

external branches, the carotid body is found . The carotid 
body is responsible for monitoring oxygen and carbon 

dioxide concentration in the blood. The carotid sinus 

and body are innervated by CNs IX and X. 

Each internal carotid artery ascends the neck to enter 

the cranial cavity via the carotid foramen (canal). The in

tel'nal  carotid ancry then supplies the orbit, pitu itary 

gland , and a large part of the frontal, parietal, and tem

poral lobes of each cerebral hemisphere. 

The external carotid artelY is responsible for the 

blood supply to the neck and face (both the superficial 

and deep face) (Fig. 5-22) The branches of the external 

carotid artery are listed next. 

1 .  Superior thyroid artery. This artelY courses to the 

thyroid gland . The superior laryngeal artery branches 

from the superior thyroid artery. This artery pierces 

the thyrohvoid membrane with the internal laryngeal 

nerve and helps supply the larynx. 

2. Ascending pharyngeal artery. This is a long artery of 

small diameter that ascends between the i nternal and 

external carotid arteries and supplies the pharynx. 

3 Lingual Clrtely. This is a tortuous artery that runs to 
the tongue by passing deep to the mylohyoid and 

hyoglossus muscle .  

4 .  Facial artery. This is  another torruous artery that 
cou rses to the a nterior face; it runs deep to the sub

mandibular gland. (Note: Sometimes the lingual and 

facial arteries arise from a common faciolingual [ lin

guofacialJ trunk.) 

5. Occipital artery. This branch courses to the occiput. 
It is " held " against the external carotid artery by the 

hypoglossal nerve (CN XII) .  

6. Posterior auricular artelY This artery runs t o  and 

supplies the region posterior to the ear. 

The external carotid artery ends by dividing into the: 

7.  Superficial temporal Clrtel�).!. This large artery courses 
superiorly to the temporal region and divides into 

frontal ami parietal branches. 
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8. Maxillary artery. This artery supplies the stntctures 

within the infratemporal fossa (deep face), nasal 

cavity, palate, maxilla, and superior aspect of the 

pharytL'(. 

\ jo(" \ c.·ins of the: o\nte'("Io(" "c.' k. A large part of 

th e scalp and the superior and lateral face is drained by 

the external jugular vein .  This vein is formed by the 

union of the posterior auricular vein and the posterior di

vision of the retromandibular vein .  The external jugular 

vein empties into the subclavian vein.  

The central region of the face and the deep structures 

of the head and neck drain into the internal jugular vein 
(Fig. 5-22).  This vein is formed at  the jugular foramen by 

the u nion of the sigmoidal and the inferior petrosal dura 

mater venous sinuses of the cranial cavity.  

More specifically, the central region of the face is 

drained by the facial vein (anterior fac ial  vein) . This vein 

ends by passing in front of the submandibular gland to 

j oin the anterior branch of the retromandibular vein 

(posterior facial vein). The union of these two veins 

forms the common facial vein. The common facial vein, 

in turn, empties into the internal jugular vein. The inter

nal jugular vein joins the subclavian vein to form the bra

chiocephalic vein.  The right and left brachiocephalic 

veins then unite to form the superior vena cava, which 

empties into the right a trium. 

The a nterior j ugu lar veins (right and left) drain the an

terior neck. They may communicate in the midline low 

in the neck close to the region berween the left and right 

clavicular heads (the jugular fossa). The anterior j ugular 

vein drains into either the external j ugular or the subcla

vian vein.  

Viscera of the Anterior Neck 

The phalYnx and esophagus lie in the midline and allow 

for passage of food from the oral caviry through the tho

rax and eventually to the abdomen. The larynx and tra

chea lie anterior to the esophagus and function in vocal

ization and passage of air to and from the lungs. 

The thyrOid gland lies in contact with the anterolat

eral aspect of the inferior larynx and the superior tra

chea. This gland has two lobes, a right and a left, which 

are united in the midline by the isthmus. The isthmus 

covers the anterior aspect of the second to fourth tra

cheal rings. The superior and inferior thyrOid artelies 

provide the blood supply to the thyrOid gland. 

Sympathetics (vasomotor) reach the gland via the middle 

cervical ganglion. Parasympathetics (uncertain function) 

are suppliee! by the laryngeal branches of the vagus 

nerve. 

The small parathyroid glands, four in number (rwo on 
each side), are located on the posterior aspect of the thy

roid gland . 
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CHAPTER 6 

The Thoracic Region 

Gregory D. Cramer 

Thoracic Curve (Kyphosis) 

Typical Thoracic Vertebrae, Ribs, ancl Sternum 

Typical Thoracic Vertebrae 

Thoracic Cage 

Ribs 

Sternum 

Unique Thoracic Vertebrae 

First Thoracic Vertebra 

Ninth Thoracic Vertebra 

Tenth Thoracic Vertebra 

Eleventh Thoracic Vertebra 

Twelfth Thoracic Vertebra 

Thoracolumbar .Junction 

Ligaments and Joints of the Thoracic Region 

Thoracic I ntervertebral Discs 

Interspinous Ligaments 

Supraspinous Ligament 

Costovertebral Articulations 

Sternocostal and fnterchondral Articulations 

Ranges of Motion in the Thoracic Spine 

Vertebral Motion 

Motion of the Ribs 

I.ateral Curvature of tbe Spine 

Nerves, Vessels, ami Viscera Related to the Thoracic Spine 

Posterior Primary Divisions (Dorsal Rami) 

Intercostal Nerves, Arteries, an(\ Veins 

Thoracic Duct 

Aortic Arch and Thoracic Aorta 
Esophagus 

Trachea 

Vagus Nerves 

Thoracic Sympatbetic Chain 

SplanchniC Nerves 

The thoracic region contains the most vertebrae (12) of 

any of the movable regions of the spine. Consequently, 

it is the longest region of the spine. However, because of 
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its relationship with the ribs, \vhich attach anteriorly to 

the sternum, the thoracic region has relatively little 

movement. Many of the unique characteristics of the 

thoracic region result from its anatomic relationship 

with the ribs. The typical thoracic vertebrae are T2 
through TS. Tl, T9 (occasionally), TIO, T11, and TI2 

can perhaps best be described as unique rather than 

"atypical." The size of the thoracic vertebrae generally 

increases from the supeIior vertebrae to the inferior 

ones, just as the load they are required to carry increases 

from superior to inferior. 

This chapter first discllsses the typical thoracic ver

tebrae, ribs, and sternum. This is followed by a dis

cussion of the thoracic vertebrae that have unique fea

tures (Tl, T9 to TI2). Next, ligaments with distinctive 

features in the thoracic region are covered. Many liga

ments are described with the cervical region in Chapter 

5 and are not covered again here. This chapter also 

includes a brief discussion of lateral curves that may 

develop in the thoracic region (scoliosis). The last sec

tion is devoted to nerves, vessels, and visceral struc

tures associated with the thoracic vertebrae and the 

thoracic cage. 

THORACIC CURVE (KYPHOSIS) 

As stated in Chapter 2, the normal thoracic curve is a 

rather prominent kyphosis, which extends from T2 to 

T12. It is created by the larger superior-to-inferior cli

mensions of the posterior portion of the thoracic verte

brae. OccasionalJy tl1e thoracic kyphosis is a\most com

pletely absent. This is logically referred to as the straight 

back syndrome. This syndrome is associated with sys

tolic heart mllrmurs and a distorted cardiac silhouette on 

x-ray film, and as a result, it can simulate organiC heart 

disease. The straightening of the thoracic h'Yphosis re

sults in a narrowing of tl1e anterior-to-posterior dimen

sion of the thoracic cage, which decreases the space 



available for the heart. The heart is forced to shift to the 
left, which leads to kinking of the great vessels_ This reo 
suIts in a variety of heart murmurs_ The straight back syn· 
drome has also been associated with idiopathic mitral 
valve prolapse, a potentia l ly  life-threatening condition 
(Spapen et aI., 1990), 

TYPICAL THORACIC VERTEBRAE, RIBS, 
ANDSTERNUM 

Typical Thoracic Vertebrae 

Vt.'rlebral Bodies. The vertebral bodies of the typical 
thoracic vertebrae (T2 to T8) are larger than those of the 
cervical region (Fig, 6-1) They appear to be heart 

Spinous process--*'O\. 

Vertebral foramen--"''I-'I¥f---

Superior 
costal demifacet 

Vertebral DOIDV------L 

Inferior 
costal demifacet 
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shaped when viewed from above, and their anteropos
terior dimensions are approximately equal to their lat
eral dimensions_ Dupuis and colleagues (1985) report 
that the posterior edge of the superior surface of u p per 
thoracic vertebral bodies exhibit  small remnants of the 
cervical uncinate p rocesses, 

The T2 vertebral body is somewhat cervical in ap
pearance, being Slightly larger in transverse diameter 
than in anteroposterior diameter. The body of tbe T3 
vertebra is the smallest of the thoracic region ,  and below 
this level the vertebral bodies gradually increase in size, 
The vertebral bodies ofT5 through T8 become more and 
more heart shaped_ This means that the concavity of the 
posterior aspect of the vertebral bodies becomes more 

Transverse process 

Superior 
----�I'Y----articular process 

Pedicle 

Vertebral body 

Articulating facet of 
superior articular process 

Transverse costal facet 
1IfI��I-H1r----- (costotubercular facet) 

Inferior 
articular process 

Spinous process 

A 

B 

FIG. 6·1 Typical thoracic vertebra_ A, Superior view, 8, Lateral view, 
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prominent . The heart-shaped appearance is also accen
tuated because the anteroposterior dimension of the ver
tebral bodies increases, whereas the transverse dimen
sion remains about the same. Typical thoracic vertebrae 
are also more flattened on their left surfaces than on 
their right because of pressure from the thoracic aorta. 
The T9 through T12 vertebral bodies begin to acquire 
lumbar characteristics (see following discussion) and to 
enlarge more in their transverse diameter than in the an
teroposterior dimension. The T12 vertebral body is sim
ilar in shape to that of a lumbar vertebra. Experimental 

studies have shown that the vertebral bodies of the tho
racic vertebrae become stronger from upper to lower 
thoracic vertebrae. This is due to an increase in bone 

density. This increase is probably a response to the in
crease in compressive forces placed on the successively 
lower vertebral bodies (Humzah & Soames, 1988). 

Typical thoracic vertebral bodies have four small 
facets, two on each side, for articulation with the heads 
of two adjacent ribs. These facets are known as costal 
demifacets (literally, "half-facets") because the head of 
each rib articulates with both the superior demifacet of 

the vertebra with the same number and the inferior 
demifacet of the vertebra above (Fig. 6-5). For example, 
the head of the sixth rib articulates with the superior 
demifacet of T6 and the inferior demifacet of T5. A ridge 
on the head of each rib, known as the crest of the head, 
is located between the two articular surfaces of the rib 

head. The crest of the head of each rib has a ligamentous 

attachment (intraarticular ligament) to the intervertebral 
disc (IVD) between adjacent thoracic vertebrae. A fi

brous capsule surrounds each vertebral demifacet and 

continues to the rib surrounding the articular surface on 

the corresponding half of the rib head. Tbe capsule is 
lined by synoviwn, making the costovertebral joint (cos
tocorporeal joint) a synovial joint (diarthrosis) . The radi

ate ligament extends from the head of each rib to the 
adjoining vertebral bodies and the surface of the inter

vening IVD (see Ligaments of the costocorporeal articu
lation) . 

Several structures attach to the thoracic vertebral bod
ies. Table 6-1 summarizes these attachments. 

Pcdicles. The pedicles of the thoracic spine are rather 
long and stout. They become larger on their inferior sur
face from T1 to Tl2 . Unl.ike the cervical pedicles, wruch 

attach at a significant lateral angle with the cervical ver
tebral bodies, the thoracic pedicles form only a slight lat

eral angle in the transverse plane with the thoracic ver
tebral bodies (with the exception of Tl2, wruch forms 
no angle with the vertebral body in this plane). The tho
racic pedicles incline slightly superiorly in the sagittal 
plane (Marchesi et aI., 1988) . They also attach very high 
on their respective vertebral bodies, and as a result, 

no superior vertebral notch is associated with typical 
thoracic vertebrae. T1, wruch is atypical, does have a 

superior vertebrae notch (see unique thoracic verte
brae). On the other hand, the inferior vertebral notches 
of the typical thoracic vertebrae are very prominent. 

Transverse Processes. The transverse processes 

(TPs) of typical thoracic vertebrae project obliquely pos
teriorly (see Chapter 2). They also lie in a more posterior 

plane than those of the cervical or lumbar regions, being 
located berund the pedicles, intervertebral foramina, and 
articular processes of the thoracic vertebrae (\Villiams et 
aI ., 1989) . The TPs also become progressively shorter 
from Tl to Tl2. 

Each thoracic TP possesses a facet for articulation 
with the articular tubercle of the corresponding rib (e.g., 
the TP of T6 articulates with the sixth rib). This facet 
is appropriately named the transverse costal facet, or 
costal facet of the transverse process, and is located on 

the anterior surface of the TP. 
The first six transverse costal facets are rather concave 

and face not only anteriorly but also slightly laterally. 

The transverse costal facets inferior to T6 are more pla
nar (flatter) in shape, and they face anteriorly, laterally, 

and superiorly. The forces applied to the ribs during 
movements, load carrying, or muscular contraction are 
transmitted through the TPs to the laminae of the tho
racic vertebrae (pal et aI., 1988). 

The TPs serve as attachment sites for many muscles 
and ligaments. Table 6-2 lists the most important attach
ments to the TPs of thoracic vertebrae. 

The distance between the tips of the left and right TPs 

is the greatest at Tl and then decreases incrementally 
until T12, where the TPs are quite small. This distance 
then increases in the lumbar region (see Chapter 7). 

Articular Procc ... scs. The superior articular pro

cesses of the thoraCic spine are small superior projec
tions of bone oriented in a plane that lies approximately 
60° to the horizontal plane (White & Panjabi, 1990). This 
makes them much more vertically oriented than the cer
vical superior articular processes. The superior thoracic 

processes face posteriorly, Slightly superiorly, and later
ally (Fig . 6-1). The inferior articular processes and their 
facets face anteriorly, slightly inferiorly, and medially. 
The orientation of the thoracic articular processes and 
their articulating facets allows for a significant amount of 

Table 6-1 Attachments to Thoracic Vertebral 
Bodies 

Region Structure(s) attached 

Anterior sllrface Anterior longitudinal ligament, origin of 

longus colli muscle (Tl, T2, T3, lateral to 

anterior longitudinal ligament) 

Posterior surface Posterior longitudinal ligament 

Lateral surface Origin of psoas major and minor muscles 

from Tl2 



rotation to occur in this region (see section on ranges of 
motions) . Flexion, extension, and lateral flexion are all 

quite limited, partly because of the orientation of the 

thoracic facets. However, the firm attachment of the tho
racic vertebrae to the relatively immobile thoracic cage, 

by means of the costocorporeal and costotransverse ar

ticulations, is the primary reason movement of the tho
racic spine is so limited. 

Lam..inac. The laminae in the thoracic region are short 

from medial to lateral, broad from superior to inferior, 
and thick from anterior to posterior. They completely 
protect the vertebral canal from behind. Therefore no 
space exists between the laminae of adjacent vertebrae 

in a dried preparation. This is unique to thoracic verte
brae. The rotators longus and brevis muscles partially in

sert on the laminae of the thoracic vertebrae. 

Vertebral Canal. The vertebral canal in the thoracic 
region is more smoothly rounded in shape than any 

other region. It is also smaller in the thoracic region than 
either the cervical or the lumbar regions. The thoracic 

spinal cord is also smaller than the other regions of the 
spinal cord. 

Spinous Processes. The spinous processes of tho
racic vertebrae are generally quite large. The upper four 

thoracic spinous processes project almost directly pos
teriorly. The next four (T5 through T8) project dramati
cally inferiorly. The spinolls process of T8 is the longest 
of this group. The last four thoracic spinous processes 

begin to acquire the characteristics of lumbar spinous 
processes by projecting more directly posteriorly and 

being larger in their superior-to-inferior dimension (see 

Unique Thoracic Vertebrae). The spinous processes of 
thoracic vertebrae serve as attachment sites for many 
muscles and ligaments. Because of the length of the 

Table 6-2 Attachments to Thoracic Transverse 

Processes 

Region 

Anterior surface 

(medial to trans

verse costal facet) 

Apex 

Posterior apex 

Inferior surface 

Superior border 

Inferior border 

Posterior surface 

structure(s) anached 

Costotransverse ligament 

Lateral costotransverse ligament 

Levator costamm muscle 

Superior costotransverse ligament 

Intertransversarius muscle (or remnant) 

Intertransversarius muscle (or remnant) 

Deep back muscles (longissimus tho-

racis, semispinalis thoracis and cervi

cis, multifidus thoracis, rotatores tho

racis longus and brevis) 

Data from Williams et a/. (1989). Gray's anatomy (37th ed). 

Edinburgh: Churchi.I1 Livingstone. 

THE THORACIC REGION 159 

thoracic region, attachments vary somewhat from the 
upper to lower thoracic vertebrae. Table 6-3 lists the at
tachments to the spinous processes of the upper and 
lower thoracic spinoLls processes. 

Intervertebral Foramina. The intervertebral foram

ina (lVFs) are covered in detail in Chapter 2 .  The IVFs in 
the thoracic region differ from those of the cervical re

gion by facing directly laterally rather than faCing 

obliquely anterolaterally. The lateral orientation of the 
thoracic IVFs is similar to that found in the lumbar 

region. 
Unique to the thoracic region is that the T I through 

T10 IVFs are associated with the ribs. The eleventh and 
twelfth ribs are not directly associated with IVFs. More 

precisely, the following stmctures are associated with 

the Tl through TlO IVFs: the head of the closest rib 
(e.g., T5-6 IVF associated with head of sixth rib) , the ar
ticulation of the rib with the demifacets of the vertebral 
bodies, including the associated ligamentous and capsu
lar attachments with the vertebral bodies and the inter
posed IVD (see Costocorporeal Articulations) . All these 

stmctllres help to form the anterior and inferior bound

ary of the first 10 thoracic IVFs. Pathologic conditions of 
these articulations may compromise the contents of the 

thoracic IVFs (Williams et aJ., 1989). 
About one twelfth of the IVF contains spinal nerve in 

the thoracic region, whereas approximately one fifth of 
the IVF contains spinal nerve in the cervical region, and 
approximately one third of the IVF is filled with spinal 
nerve in the lumbar region. This may be one reason why 
radiculopathy as a resuH of IVD protmsion is much less 
conunon in the thoracic region than in the lumbar or 
cervical areas. Thoracic disc protmsion is also Jess com

mon than cervical or lumbar disc protmsion. One reason 
may be that the thoracic spine is rendered Jess movable 

than the cervical and lumbar regions. This is because the 

Table 6-3 Attachments to Thoracic Spinous 
Proces 'es 

Region 

Upper thoracic region 

Lower thoracic region 

Structure(s) anached 

Ligaments: supraspinous, inter

spinous 

Muscles: trapezius, rhomboid major 

and minor , serratus posterior SIl

perior, deep back muscles (erec

tor spinae and transversospinalis) 

Ligaments: supraspinous, inter

spinous 

Muscles: trapezius, latissimus dorsi, 

serratus posterior i.nferior, deep 

back muscles (erector spinae and 

transversospinalis) 

Data from Williams et aL (1989). Gray's anatomy (37rh ed.). 

Edinburgh: Churchill Livingstone. 
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thoracic region is strongly supported by the ribs and 
sternum. The reduced motion may result in a reduction 

of stress on the thoracic IVDs. 

Thoracic Cage 

Since the bony elements of the thoracic cage are so inti
mately involved with the thoracic vertebrae, it is appro
priate to discuss them here. However, because the pri
mary focus of this book is the spine, the ribs and ster
num are not discussed in as much detail as the vertebrae. 
The intercostal muscles of the thoracic wall are covered 
in Chapter 4. 

Components of the Thoracic Cage. The compo
nen ts of the thoracic cage (Fig. 6-2) include the fol
lowing: 

• Anteriorly: sternum, costal cartilages 
• Laterally: ribs 
• Posteriorly: TI through T12 

'nloracic Inlet. The thoracic cage is bounded superi
orly by the superior thoracic apelture and inferiorly by 
the inferior thoracic aperture. The superior thoracic 

aperture (thoracic inlet) is bounded by the following: 
TI, first ribs (left and right), and superior aspect of the 
sternum. The superior thoracic aperture allows ana
tomic stmctures of the thorax and the neck to connect. 

Clinically, the term thoracic inlet has a slightly differ

ent meaning. It refers to the superior thoracic aperture, 
the region just above the first rib, and the opening be

tween the clavicle and the first rib. Ironically, the term 
thoracic outlet syndrome is frequently used to describe 
symptoms and signs arising from compromise of the 
neural or vascular stmctures as they pass through the re
gion of the thoracic inlet. The symptoms associated with 

this syn drome are typically felt in the distal aspect of the 
upper extremity rather than the area of neurovascular 
compromise (Bland, 1987). The occurrence of thoracic 

outlet syndrome remains a matter of clinical debate, 

with some authorities stating that tme compression of 

these stmctures is extremely rare. Others are convinced 
that such compression is rather common. This section 

discusses the areas and stmctures typically associated 
with the thoracic outlet syndrome. 

The right and left subclavian arteries and veins pass 

through the superior thoracic aperture. These vessels 
may be compromised by pathologic conditions of the 

lower cervical or upper thoracic viscera. Examples in
clude lymphosarcoma affecting the lymphatics of the 

thoracic inlet (Moore, 1992) and tumors of the apex of 
the lung (pancoast tumor), the esophagus, and the thy
roid gland. 

As the subclavian arteries and veins exit the superior 
thoraciC aperture, they are met by the inferior stmctures 

of the brachial plexus. These neural stntctures include 

the anterior primary divisions of C8 and Tl and their 
union as the inferior trunk of the brachial plexus. All 

these vascular and neural structures pass over the first 

rib. The subclavian artery and the inferior trunk of the 
brachial plexus course directly across the first rib be
tween the in sertions of the anterior and middle scalene 
muscles. The subclavian vein passes over the first rib an

terior to the anterior scalene muscle. The inferior trunk 
of the brachial plexus and the subclavian altery are 

thought to be vulnerable in this region. Anomalolls in

sertion of the scalenes or an inferior trunk of the brachial 

plexus, which pierces either the anterior or the middle 
scalene muscles, may provide the means by which these 

stmctures may be come entrapped. Extension of the 
n eck and rotation to the same side closes the intelval be
tween the anterior and middle scalene muscles, proVid

ing another possible mechanism of compromise. An 

elongated TP of C7 or a cervical rib (see Chapter 5) can 
dramatically crowd this region, anel many believe that 

either one is a significant contributor to thoracic out

let syndrome (Bland, 1987; Foreman & Crofts, 1988). 
Cervical ribs range considerably in size, and even the 
smallest cervical rib can be associated with fibrous bands 

running from the celvical rib to the first rib or sternum. 
Any or all of these structures could restrict the subcla

vian vessels and the inferior trunk of the brachial plexlls. 

Rib 7 

FIG. 6-2 Anterior view of the thoracic cage. A "window" has 

been removed (left side of thorax) to show ro better advantage 

the relationsllip between tile ribs and vel1ebrac. 



The subclavian artery becomes the axillary artery at 
the lateral border of the first rib. Surrounding the transi
tion region of the subclavian artery to the axillary artery 
are the divisions of the brachial plexus, which soon com
bine into the cords of the plexus. The divisions and 
cords pass beneath the clavicle and can be compressed 
between the clavicle and the first lib. 

Tbe axillary artery is surrounded by the cords of the 
bracbial plexus as the artery passes beneath the coracoid 
process of the scapula. The axillary vein accompanies 
the artery in this region. The pectoralis minor muscle 
passes anterior to these structures as it insens onto the 
coracoid process. The axillary artery, axillary vein, and 
the cords of the brachial plexus may be compressed 
against the coracoid process and the tendon of the pec
toralis minor muscle during abduction and lateral rota
tion of tbe arm. 

Inferiocfhoradc Aperture. The inferior thoracic 
aperture (thoracic outlet) is bounded by the following: 
T12, 12th ribs, anterior costal margins, and the xiphi
sternal joint. The inferior thoracic aperture contains the 
diaphragm, which serves as the boundary between the 
thorax and the abdomen. 

General ( haracteristics of the Thoracic Cage. The 
thoracic cage functions to protect underlying stnlCtures, 
support underlying structures (e.g., pericardium via 
stcrnopericardial ligaments), support overlying muscles 
and skin, and assist in respiration. 

The adult thorax is wider from side to side than front 
to back. During inspiration the anteroposterior diameter 
increases. This is quite different than a child's thorax, 
wh.ich is circular in shape and therefore does not allow 
change to occur during inspiration. In contrast to adults, 
children rely almost completely on the excursions of the 
diaphragm for respiration. 

Angle of rib 

Neck 

Head 

FIG. 6-3 Three views of a typical rib. A, Superior view. 

THE THORACIC REGION 161 

rubs 

Certain groups of cells throughout the spine, known as 
the costal elements, have the ability to develop into ribs 
(see Chapter 2) and do so in tbe thoracic region. These 
thoraciC costal elements push through the ventral my
OIomal plates, which form the intercostal muscles. The 
costal elements further develop to become precartilagi
nous ribs, which, after undergoing chondrification and 
then ossification, become the ribs themselves. The TPs 
of the thoracic vertebrae grow behind the proximal ends 
of the developing ribs and are united to them by mes
enchyme. This mesenchyme forms the articulations and 
the ligaments of the costocorporeal and the costotrans
verse joints. The fully developed ribs serve to protect tbe 
underlying thoracic viscera while at the same time they 
provide attachment sites for a wide variely of muscles 
(Table 6-4) 

TypicaJ Ribs. The typical ribs are ribs three through 
nine. Each consists of a hetd, neck, tubercle, and shaft 
(Fig. 6-3). 

Table 6-4 

Region 

Superiorly 

Anteriorly 

Posteriorly 

Latera lly 

Inferiorly 

Relationships of the Thoracic Cage 

Strocture(s) attached 

Sternocleidomastoid, sternohyoid, sternothy

roid, and anterior, middle, and posterior sca

lene muscles 

Pectoralis major and minor muscles, mammary 

glands 

Serratus posterior superior and inferior, and 

deep back muscles; trapezius, rhomboid mi

nor and major, scapula and all muscles re

lated to it rest against the thoracic cage 

Serratus anterior muscles 

Abdominal muscles attach.ing to thoracic cage 

(i.e., rectus abdominis, external and internal 

abdom i nal ob lique, transversus abdotllinis) 

Shaft 

A 

Continued. 
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B 

c 

Articular 
Facet of head 

Crest of head 

Neck 

Articular Facet 
of tubercle 

Costal groove 

Neck 

Articular port 
of tubercle 

Nonarticulor port 
of tubercle 

Costal groove 

Shaft 

Crest of the head 

Articular facet 
of the head 

FIG. 6-3, cont'd. B, The head, angle, and shaft of a rib. C, Close-up of the head and neck. 

The head of a typical rib articulates wit h two adjacent 

vertebral bodies (see Vertebral Bodies) . Inferior and su
perior articular facets of t he rib head articulate with the 

superior costal de mifacet of the same-number vertebra 
as the rib and with t he inferior costal demifacet of the 
vert ebra above, respectively. The crest of t he head is a 
ridge that runs between t he two art icular surfaces of 
the rib head. The crest is joine d by the intraarticular 

ligament to t he adjacent !YD. This creates t he two sep
arate components of the costocorporeal joints, one su
perior to the crest of t he head of t he rib, and one infe

rior to the crest (see Costocorporeal Articulations and 

Fig. 6-5) . 

The neck of a typical rib is located between its head 
and t ubercle. The neck serves as the attachment site for 
t he costotransverse ligament and the superior costo
transverse ligament. 

The tubercle of a rib is a process that forms t he lat
eral boundal1' of the neck and the beginn ing of the 

shaft. It possesses all articular facet (articular portion) 

for articulation with the transverse costal facet on the TP 

of a typical thoracic vertebra. The tubercle of a rib artic
ulates with the same-number vertebra as the rib (e.g., 
fourth rib articulates with TP of T4). The tubercle also 
contains a nonarticular part lateral t o  the articular por
tion. The nonarticlilar region serves as an att achment 
site for the lateral cost otransverse ligament. 

The shaft of a rib begin s at the art icular tubercle and 
ext ends distally to the end of the rib at its articulation 

with the costal cart ilage. The typical rihs curve inferiorly 
and anteriorly. Much of this ant erior curve is achieved at 

the angle of the rib. The angle of the rib is located a few 
centimeters distal to the articular tubercle anel is where 
the shaft makes the sharpest anterior benel. 



A costal depression or groove, located on the inferior 
aspect of each rib, shelters '(from slipelior to inferior) 

the intercostal vein, artery, and nerve. 

Anteriorly, each typical rib attaches to the costal carti

lage. The costal cartilage, in turn, joins each of the first 

through seventh ribs with the sternum. The eighth 

through tenth costal cartilages articulate with the costal 

caltilage immediately above. The xiphOid process, sev

enth costal cartilage, and the union of the eighth 
through tenth costal cartilages together form the sub
sternal angle. 

"'-typical Ribs. The first, second, tenth, eleventh, 

and twelfth ribs all have special features (Williams et 

aI., 1989). The first rib is short, flat, and strong. It lies 

almost completely in the horizontal plane and does 

not angle inferiorly as do typical ribs. Its superior surface 

is marked by a scalene tubercle (for insertion of the 

anterior scalene muscle). The subclavian vein runs ante

rior to the scalene tubercle (and the anterior scalene 

muscle), and the subclavjan artery and inferior trunk 

of the brachial plexus nm posterior to trus tubercle. 

The first rib usually articulates with only one vertebra 

(Tl). OccasionaJJy the head also articulates with the 

body of C7. 

The second rib is much more typical than the first and 

is almost twice its size. The major distinguishing charac

teristic of the second rib is a tuberosity on its superior 

surface, which serves as the partial origin of the serratus 
anterior muscle. 

The tenth rib has only a single facet, and no crest, on 

its head. The head articulates with the large, single costal 

facet on the lateral aspect of the body (close to the pedi

cle) of TlO. Sometimes the head of the tenth rib also ar

ticulates with the IVD between T9 and TlO. 

The eleventh and twelfth ribs are quite short, and nei

ther possesses a neck or tubercle. They are conSidered 

to be free, or floating ribs because they do not attach to 

costal cartilage anteriorly. As with the first and tenth 

ribs, the eleventh and twelfth each articulate with only 

one vertebra (TIl and Tl2, respe<;:tively). 

Sternum 

The sternum develops from left and right bars of mes

enchyme that migrate to the midline and eventually fuse. 

The fully developed sternum is composed of a 

manubrium, body, and xiphoid process. The superior as

pect of the manubrium is at the level of the T2-3 IVD. 

The manubrium possesses a superior concavity known 
as the jugular notch (Fig. 6-2). Lateral to the jugular 

notch is the clavicular notch, which projects superolat

erally, allowing its concavity to articulate with the c1avi-

I 
c1e. The apex of the lung extends above the sternocla

vicular joint and the clavicle. The lung is vulnerable here 
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and may be punctured from the anterior in this region. 

Inferior to the clavicular notch, on the lateral aspect of 

the manubrium, is the articulation with the first costal 

cartilage (Fig. 6-2). 

The inferior margjn of the manubrium joins the 
body of the sternum. The manubriosternal joint is 

usually a symphysis, although occasionally it may de

velop a joint cavity, giving it characteristics of a syn

ovial joint. The sternal angle (of Lewis) is formed by 
the angle between the manubrium and the body of 

the sternum at the manubriosternal symphysis (Fig. 

6-2). This angle makes the sternum slightly convex an

teriorly. The second costal cartilage articulates with 

the sternum at this angle. The sternal angle is located 

on a horizontal plane that posteriorly passes approxi

mately through the level of the T4-5 TVD (this level 

varies from the vertebral bodies of T4 to T6; see Chap
ter 1). Other anatomic structures are present at the 

general level of this plane. These include the bifurca
tion of the trachea into primary (mainstem) bronchi, 

the hilus of the lung, and the superior extent of the 
aortic arch. 

The body of the sternum is formed by the union of 

four segments known as sternebrae. The lateral margin 

is notched for articulation with costal cartilages of ribs. 

The inferior process of the sternum is the xiphoid 

process. It is joined with the body of the sternum by a 

symphysis that usually ossifies by 40 years of age. The 
xiphoid process also articulates with the costal cartilage 

of the seventh rib. 

• • • 

The thoracic cage serves as an attachment site for a va

riety of structures. See Table 6-4 for structures associated 

with various regions of the thoracic cage. 

UNIQUE THORACIC VERTEBRAE 

Several thoracic vertebrae have distinct characteristics: 

Tl, T9 (occasionally), Tl O,Tll, and Tl2. They can best 
be considered as unique, not atypical, thoracic verte

brae. 

First Thoracic Vertebra 

Tl possesses two characteristics associated with cervical 
vertebrae but not normally found on typical thoracic ver

tebrae: the presence of uncinate processes on Tl and 

the presence of superior vertebral notches above the 
pedicles of Tl. In addition, the veltebral body of Tl re

sembles that of a cervical vertebra, being rectangular in 

shape instead of heart shaped, with the transverse diam

eter greater than the anteroposterior diameter. 

The superior facet on the vertebral body for articula

tion with the head of the first rib is usually a full facet 
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(not a demifacet). Occasional ly  the superior facet is a 

demifacet, allowing the first rib to attach to both T1 and 

C7 vertebral bodies ami the intervening rVD . Frequently 

a deep depression can be found on the vertebral body 

just inferior to the superior costal facet of Tl (Williams 

et a I . ,  1 989). The inferior demifacet of T1 is typical. The 

spinous process of 1'1 is quite large, projects directly 

posteriorly, and is often as long and sometimes longer 

than the spinous process of C7. 

mth Thoracic Vertebra 

Occasionally the tenth rib does not articulate with the 

1'9, reSUlting in the absence of an inferior demifacet on 

1'9. The other characteristics of 1'9 conform to those of 

typical thoracic vertebrae. 

Tenth Thoracic Vertebra 

The vertebral body of 1'10 contains only a single facet on 

each side for articulation with the head of each tenth rib. 

As stated previously, typical thoracic vertebrae possess 

two demifacets on each side for articulation with the rib 

of the same number and with the rib below. The single 

facet is usually oval or semilunar in shape. The precise 

shape depends on whether the tenth rib articulates 
with just the body of n o  or also with the body of T9 

and the NO between the two. The former results in an 

oval-shaped facet, and the latter results in a semilunar

shaped facet. The TP of T I O  does not always have a 

facet for articulation with the articular tubercle of the 

tenth rib. 

Eleventh Thoracic Vertebra 

1'1 1 also has only a single facet on each side for articula

tion with the head of the eleventh rib. However, each 

facet is located on the pedicle. There is also no articular 

facet on the TP for articulation with the articular tuber

cle of the rib . Therefore the eleventh rib does not artic

ulate with the TP of 1'1 1 .  The vertebral body of 1'1 1 also 

resembles that of a lumbar vertebra . The spinous pro

cess of TI l is almost triangular in shape with a blunt 

apex (Williams et aI. ,  1989). 

The superior articular processes of TI l resemble 

those of other thoracic vertebrae. However, usually 1'1 1 

represents the transition of thoracic-type articular 

processes to the lumbar type. Therefore the inferior ar

ticular processes are usually convex and face anteriorly 

and laterally. The articular processes of thoracic verte

brae aJlow for rotation to be the primary movement, 

whereas the lumbar articular processes limit rotation but 

encourage flexion and some extension. This transition of 

facet type can also OCCLlL' at 1'12 or occasionally TI0 . 

Twelfth Thoracic Vertebra 

The vertebral body of T12 is quite large, but the TPs are 

quite small. In fact, each TP is actually replaced by three 

smaller processes (Williams et a I . ,  1989). One process 
projects laterally and is the equivalent of a thoracic TP 

except it is small .  The largest of the three processes pro

jects posteriorly and superiorly and is the homologue of 

the mamillary process of a lumbar vertebra. However, 

this mamillary process is not as closely related to the Sll

perior articular process as it is in the lumbar region. 

Finally, a small process that is homologolls to the acces

sory process of lumbar vertebrae projects posteriorly 

and slightly inferiorly. T12 also has a single facet on each 

side for articulation with the head of the corresponding 

twelfth rib. The facet is circular and is located primarily 

on the pedicle but may extend onto the vertebral body. 

The small TP has no facet for articulation with the 

twelfth rib. 

Thoracolumbar Junction 

The left and right zygapophyseal (Z) joints between the 

1' 12 vertebra and the L l  vertebra are unique. At this joint 

the mamillary process (see Chapter 7) of each side over

laps the posterior aspect of the inferior articular process 

of T12. This usually occurs to a greater degree between 

these two vertebrae than at any other level. The result is 

that each inferior articular process o1' T12 fits closely into 

the superior articular process and overlying mamillaI')' 

process of L l ,  much like a well made carpenter's joint 

(e.g.,  mortice and tenon joint) . This prevents almost any 

movement except flexion from occurring at this articu· 

lation (Singer & Giles, 1990; Singer, Giles & Day, 1 990). 

Singer and colleagues (1990) have shown large Z joint 

synovial folds (Chapter 2) protruding into this joint (Fig. 

6-4). They also emphasize that normally almost no rota

tion occurs at this articulation. 

UG NTS AND JOINTS OF THE 
TIIORACIC REGION 

Several ligaments found in the thoracic spine are also 

present in the cervical spine and are d iscussed in 
Chapter 5. These include the ligamenta flava, the ante

rior longitudinal ligament, the posterior longitudinal lig

ament, and the interspinous ligaments. The anterior lon

gituclinal ligament in the thoracic region (see Figs. 6-7, 

6-8, and 6-9, B) is thicker from anterior to posterior and 

thinner from side to side than in either the cervical or 

the lumbar regions. Also, the ligamenta tlava in the tho

raci c region and the thoracolumbar junction may ossify 

in rare instances. Such ossification may result in com

pression of the spinal cord from behind (Hasue et a I . ,  

1983). 



FIG. 6·4 Photomicrograph of the left Z joint at the thora

colu mbar junction. Ll represents the superior articular process 

of L t .  Notice that the mamil lary process of L1 (lv/P) protrudes 

meclially to overlap the inferior articular process of T 1 2 .  Also 

notice the Z joint synovial fold (arrow) protruding into the 

jOint space from the l igamentum tlavu m (LF). (CoLirtesy of 
Singer et " I . .  1 990) 

Since the interspinous l igaments in the thoracic regi on 

are somewhat different than those i n  t he cervical region, 

they are discussed i n  this section . The supraspinous lig

ament and thoracic intervertebral d iscs are also d is

cussed 11ere. Since the joi nts between the thoracic ver

tebrae and the ribs are unique to this region, much of 

this section on ligaments and j oints of the thoracic re

gion is d evoted to these i n teresting and i mportant artic

ulations and the ligaments that support them. This sec

tion concl udes with a di�cussion of the sternocostal and 

interchondral articulations. 

Interspinous Ligaments 

These ligaments run between adjacent spi nolls pro

cesses, fil l ing the gap along the length of these pro-
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cesses. Anteriorly each interspinous liga ment i s  continu

ous with the ligamenta flava, and posreriorly each is con

ti nuolls with the supraspinous ligament. Even thollgh 

the thoracic interspinous l igaments a re ra ther thin and 

membranous i n  structure ,  they are more fully developed 

in the thoracic region than i n  the cervical region .  Some 

authors d ispute their existence in the cervical region a l

together, stating that they are simply th in,  fascia l ,  an te

rior extensions of the l igamentum n uch;]e (Wil l iams et 

a\ . ,  1 989). Controversy a lso surrounds the precise orien

tation of these ligaments (Behrsin & Briggs, 1 988; 
Williams et a I . ,  1 989). Some aut hors believe the fibers of 

the interspinous ligament run from a n terosuperior to 

posteroinferior, and others bel ieve the ti bers making up 

this l igament run from posterosuperior to anreroinferior 

(PariS, 1 983; ScapLnelii ,  1989). The latter scenario is 

more likely. These interspinous l igaments have been 

studied more ful ly in the lumbar region, where they are 

better developed (see Chapter 7). 

Supraspinous Ligament 

The supraspinous l igament limits flexion of the spinc.  It 

is classically described as forming a continuous band that 

passes from the spino LIS process of C7 to the sacrum 

(Will iams et aI . ,  1 989). However, d is;]grecment exists as 

to whether or not it extend s ali  the way to the sacrum. 

Some investigators bel ieve it  is al most nonexistent in the 

l umbar region (Behrsin & Briggs, 1 988). Some authors 

state that it is d ivided into layers, with the deeper fibers 

run ning between adjacent vertebrae and the more su

perficial fi bers spanning several (up to four) vertebrae 

(Williams et aI . , 1 989). All the authors seem to agree that 

t he deepest fibers of the thoracic supraspinous l iga ment 

become cont i nuous with the interspi nous ligaments. 

The supraspinous l igame n t  seem s to warrant fu rther in

vestiga tion.  

Thoracic Intervertebral Discs 

The thoracic JVDs have the thin nest superior-to-inferior 

dimension of the spine .  Also, the d iscs of the upper tho

racic region are narrower than those of t he lower tl}O

racic region . The upper thoracic region is a lso the least 

movable area of the thoracic spine.  In con trast to the 

cervical and lumbar IVDs, which are thicker anteriorly 

than posteriorly, the thoracic JVDs are of more equal 

thickness in their anterior and posterior regions. 

Calcification of the IVD is found with greater fre

quency in the thoracolumbar region than in any other re

gion of the spine. Radiographic surveys h ave found tho

racolum ba r  ND calcification in 5% to 6% of adults. 

Postmortem examinations have fo und sLlch calCification 

in up to 70% of adults. D isc cal cification is usually asymp

tomatic unless it is associated with protrusion into the 
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vertebral canal , in which case neurologic compression 

symptoms result (Lipson & O' Connell, 1 99 1).  

Thoracic IVO protrusion is rather infrequent, ac

counting for only 0. 1 5% to 1 .8% of all disc protrusions 

(Alvarez, Roque, & Pampati, 1 988; Baudllin et aI . , 1 989). 

However, they may be more common than previollsly 

believed (Vernon, Dooley, & Acusta, 1 993). When pre

sent, this condition usually affects the lower thoracic 

d iscs of individuals primarily between 30 and 60 years of 

age (Otani et aI . ,  1 988). Symptoms vary dramatically 

from none at all to motor and sensory deficits resulting 

from spinal cord compression (myelopathy). Pain, m us

c le weakness, and spinal cord dysfunction are the most 

common clinical symptoms. Computed tomography 

(CT), in conjunction with contrast enhancement of the 

subarachnoid space (CT myelography), and magnetic 

resonance imaging (MRl) are llseful in the detection of 

these rare but significant lesions (Alvarez et a! . ,  1 988; 
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Lateral costotransverse 
l igament 

Articular 
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Costotransverse 
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Articular cartilage 
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Bauduin et aI.,  1 989; Vernon et a I . ,  1 993). These modali

ties may allow for more frequent detection of thoracic 

IVD protrusion in the future. 

Costovertebral Articulations 

The ribs and vertebrae articulate in two locations. The 

first is the joint complex between the head of a rib and 

the adjacent vertebral bodies, known as the costocorpo

real articulation. The second costovertebral articulation 

is between one rib and the TP, known as the costotrans

verse articulation. 

LO ... lO(:orporcal Arti<:u lalions. The joint between 

the head of a rib and the adjoining typical thoracic 

vertebrae consists of articulations with the two adjacent 

vertebral bodies and the interposed IVD (Fig. 6-5). The 

rib head articulates with the superior demifacet of the 

Intertransverse 
l igament 

Superior 
costotransverse 
l igament 

Radiate l igament 

B 

F IG. 6--; Costovertebral articulations. A, Bony costocorporeal and costotransverse articula

tions. B, Ligamentous attachments of these joints. C, Superior view. The vertebra and rib have 

been horizontally sectioned on the right half of the i l lustration to demonstrate further the cos

tocorporeal a nd costotransverse articulations. 



same-number vertebra :lnd with the inferior demifacet of 
the vertebra above (e.g. , seventh rib articulates with su
perior demifacet of T7 and inferior demifacet of T6). The 
crest of the rib head is attached to the adjacent NO by 
an illtraarticular ligament . This short, flat ligament cre
ates two distinct a rticular compartments (upper and 
lower) within the costocorporeal articulation. Both of 
these compartments are surrouncied by a fibrous articu
lar capsule lined with a synovial membrane. These sy
novial joints can best be classified as having ovoid artic
ular surfaces, and the fibrous capsule extends around the 
ovoid articll iar surfaces of both the dem ifacet and the ad
jacent articular half of the rib head (Fig. 6-5) The cap
sule extends to the intraarricular ligament between the 
upper and lower compa rtments. The inferomedial fibers 
of the fihrous capsule blend with the NO, and the pos
terior fibers blend with the costotran sverse ligament. 
The heads of the first, tenth (occasionally), eleventh, and 
twelfth ribs form single ovoid synovial articulations with 
their respective ribs. 

The ligaments of this compound joint include the cap
sular, intraarticular (both described previously), and ra
diate. Each radiate ligament (Fig. 6-5) associated with 
typical vertebrae attaches to the anterior aspect of the 
head of the articulating rib and the two vertebrae to 
which the head Jttaches. In addition, the radiate liga
ment attaches by horizontal fibers to the NO between 
the two vertebrae. The superior fibers attach JUSt above 
the superior demifacet and ascend to the vertebral body 
of the superior vertebra. Likewise, the inferior fi bers at
tach just below the inferior demifacet and descend to 
the inferior vertebral body. The radiate Iigamenr of the 
first rib has some superior fibers th,H attach to C7. The 
radiate ligaments of the tenth through twelfth ribs attach 
to only the vertebra with which the rib head a rticulates. 

Costot ra nsvcrlolc ·\rticulation This joint is com
posed of the costal (articular) tubercle of the rib anicu
lating with the transverse costal facet (Fig. 6-5). 
Exceptions to this are the eleventh and twelfth ribs, 
which uo not articulate with the TPs of their respective 
vertebrae. The joint surfaces of the upper five or six cos
totransverse joints are curved, with the transverse costal 
facet being concave and the articular tubercle convex. 
The remaining joints are more planar in configuration 
(Williams et a I . ,  1 989). A thin, fibrous capsule lined by a 
synovial membrane attaches to the two adjacent articu
lar surfaces. A costotra nsverse foramen is found be
tween the TP anu the db between the costotransverse 
and costocorporeal articulations. This foramen is filled 
by the costotransverse ligament. The costOtransverse lig
ament passes from the posterior aspect of the rib neck 
to the antedor aspect of the adjacent TP (Fig. 6-5). For 
example, the costotransverse liga ment of the sixth rib at
taches to the posterior aspect of the Sixth rib and to the 
anterior aspect of the TP of T6. 
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Tile ligaments of the costotransverse aniculation in
clude the articular capsule, costotransverse ligament 
(both desclibed previollsly), superior costotra nsverse 
ligament, and lateral costotransverse ligament (Fig. 6-5). 
The strong but short lateral costotransverse ligament 
runs directly laterally from the lateral margin of the TP 
to the nonarticular region of the costal tubercle of the 
adjacent rib (Fig. 6-5). This ligament is found at every 
thoracic segment. The ligaments of the upper thoracic 
vertebrae run slightly superiorly, as well as laterally, 
whereas the lower ones run Slightly inferiorly, as well as 
laterally.  

A superior costotransverse ligament courses between 
the neck of each rib, except for the first, ancl the TP of 
the vertebra above. This ligament is divided into two 
parts, anterior and posted or. Both parts course superi
orly from a rib neck to the inferior border of the TP 
immediately above. The anterior layer angles slightly lat
erally as it ascends and blends with the posterior inter
costal membrane (see Fig. 6-8, B). The posterior layer an
gles slightly medially. Because it is more posteriorly 
placed, this ligament blends with the external intercostal 
muscle laterally. The intercostal vein , artery, and nerve 
run across the anterior surface of these ligaments. An ac
cessory ligament is normally found medial to the supe
rior costotransverse ligament. This accessory ligament is 
separated from the superior costotransverse ligament by 
a gap that is filled by the posterior primary division as it 
leaves the mixed spi nal nenTe to reach the more poste
rior structures of the spine. More specifically, the acces
sory ligament originates medial to the costal tubercle 
and runs superiorly to the inferior articular process of 
the vertebra above, although some fibers reach the TP. 
A lumbocostal liga ment fUns from the inferior border 
of the twelfth rib shaft to the superior surface of the TP 
of Ll . 

Sternocostal and Interchondral 

Articulations 

The costal ca rtilages of the first through seventh libs ar
ticulate directly with the sternum at the sternocostal 
joints (see Fig. 6-2). The costal cartilages of the eighth 
through tenth ribs attach to the costal cartilage of the rib 
above at articulations known as the interchondral joints. 

Sternocostal Joi nts. A rather complex type of 
synarthrosis exists between the first costal cartilage and 
the manubriu m .  A thin piece of fi brocartilage is inter
posed between the two surfaces and is tightly adherent 
to both (Williams et a I . ,  1 989). A radiate ligament also 
unites the two surfaces. The joint between the second 
costal cartilage and the sternum is synovial and is sepa
rated into two compartments by an intraarticular liga
ment. Small synovial joints are located between the 
costal cartilages of the third through seventh ribs and 
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the sternum. The costal cartilages and the sternum are 

united by the fibrous capsules of the joints and radiate 

ligaments that run from the anterior and posterior sur

face of each costal cartilage to the sternum. A small 

amount of rotation occurs at these joints. This rotation 

a U ows for the thorax to expand and contract during in

spiration and expiration, respectively. 

Interchondral Joints. As mentioned , the eighth 

through tenth costal cartilages articulate with the costal 

cartilage immediately above .  Small synovial joints are 

formed at the attachment sites for the eighth and ninth 

ribs. The costal cartilage of the tenth rib is usually con

tinuous with the costal cartilage of the ninth rib, and no 

true joint unites the two. Occasionally, no attachment 

exists between the tenth rib and the costal cartilage of 

the n inth rib.  Although both the sL"th and the seventh 

costal cartilages attach d i rectly to the sternum, their 

most distal portions also contact one another. Small sy

novial joints a re a lso located where these cartilages are 

in contact with one another. 

RANGES OF MOTION IN THE THORACIC 
SPINE 

Vertebral Motion 

As stated previously, the facets of the thoracic vertebrae 

are oriented 60° to the hoIizontal plane. Therefore they 

are more vertically oriented than the articular processes 

of the cervical region. This vertical orientation d ramati

cally l imits forward flexion. Extension is l imited by the 

i nferior articular processes contacting the laminae of the 

vertebrae below and also by contact between adjacent 

spinous processes. Rotation is the dominant movement 

in the thoracic region. However, the vertebrae are a part 

of the entire thoracic cage and even this motion is lim

ited considerably. This may help to explain why the 

lower thoracic region, with its relation to floating ribs 

and ribs with only an ind irect attachment to the ster

num, is the most mobile part of the thoracic spine. 

Ranges of motion of the thoracic spine include the fol

lowing: 

Combinecl flexion ancl extension 34° 
Unilateral latera l flexion 1 5° 
Unilateral axial rotation 35 °  

Motion of the Ribs 

Motion of the ribs at the costocorporeal and costotrans

verse articulations is primarily one of rotation with a 

slight gliding motion. Motion is quite limited because of 

the strong l igamentous attachments. Upward and down

ward rotation is the primary movement of the upper six 

ribs, accompanied by slight superior and inferior gliding. 

Rotation of the seventh through tenth ribs is accompa

nied by more gliding than in the ribs above . This is 

because the transverse costal facets of T7 through T 1 0  
are more flat than those of the vertebrae above and also 

because the facets face upward, anteriorly, and laterally. 

Upward rotation of these lower ribs is accompanied by 

posterior and medial gliding, and downward rotation is 

accompanied by anterior and slightly lateral gliding. 

These movements tend to open and close the substernal 

angle, respectively (Williams et a I . ,  1 989). 

lATERAL CURVATURE OF THE SPINE 

Lateral curvature or lateral deviation of the spine is 

known as scoliosis (Fig. 6-6). A slight lateral curve with 

the convexity on the same side as handedness (i . e . ,  con

vexity to the left in left-handed indivicluals) is normally 

found in the upper thoracic region (see Chapter 2) . This 

is a result of the pull  of the stronger musculature on the 

sicle of handedness. Lateral curves other than this mild 

upper thoracic cu rve are considered to be a variation 

from nonnal spinal structure. These scol ioses range from 

being barely perceptible ami insignificant deviations to 
extremely dramatic curvatures. 

Scoliosis can be found in any spinal region, but the 

thoracic region is usual ly the most prominently affected, 

partly because of its length and central location. The tho

racic region is the most noticeably affected primarily be

cause the attachment of the rest of the thoracic cage to 

the thoracic vertebrae can result in deformation of the 

entire thorax. In adcl ition, curvatures of the thoracic 

spine are more or less "held in place" by the remainder 

of the thoracic cage (ribs and sternum). In fact, with full 

forwarcl flexion of the spine, posterior elevation on one 

side of the thorax C rib hump") of 6 mm or greater has 

been used as one of the primary ind icators of scoliosis. 

The incidence of such posterior thoracic elevation has 

been reported as 4. 1 %  in fourth-grade schoolchildren 

with an average age of 10.8 years (Nissinen et a I . ,  1 989) . 
Occasiona l ly, scoliosis is so severe that serious compro

mise of lung capaCity and cardiac output may result .  A 

cletailed d iscussion of this important cl inical topic is be

yond the scope of this book. However, a brief descrip

tion of the most important anatomic components of sco

liosis is appropriate. 

Scoliosis has many causes, ranging from developmen

tal and anatomic, such as cuneiform vertebrae (hemiver

tebra; see Chapter 2), to un known causes (idiopathic). 

Idiopathic scoliosis is typically characterized by the pres

ence of a concomitant l ordosis at the apex of the lateral 

curve (Deacon, Archer, & Dickson, 1 987) . Idiopathic 

scoliosis is probably multifactorial in origin ami may in

volve genetic, biomechanic, metabolic, growth, and cen

tral nervous system factors (Cook et a I . ,  1 986) A lesion 

of the posterior column pathway, above the level of the 

lower cervical region, resulting in hypersensitivity of 

proprioception and vibration sense has been implicated 

as a major factor in scoliosis (Wyatt et a I ,  1 986) Other 
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FIG. 6-6 Bottom. Posterior view of a scoliotic spine. Top, 

Superior view of a single vertebra and the articulating ribs. 

Notice tbe asymmetry between the left and right costocorpo
real and costovertebral articulations (compare with Fig. 6-5). 

(Modified from Netter. 1 990 ) 

nelll'ologic differences have been found berween scoli

otic patients and control subjects. These include differ
ences in labyrinthine, visual, and vestibular functions 

(Cook et aI. , 1 986). 
The posterior elements of scoliotic spines have been 

found to be smaller in their superior-to-inJerior elimen
sions than the posterior elements of normal spines 

(Deane & Duthie, 1 973). Vital and colleagues (1 989) 

found that the neurocentral vertebral carti1age (syn

chondrosis) of scoliotic spines was more open on the 

THE THORACIC REGION 169 

side of concavity. This suggested to the authors that this 
cartilage may have undergone early closure on the op

posite side. Since pan of the function of the neurocen
tral cartilage is to ensure growth of the posterior arch 
of the vertebra (see Chapter 2), early closure of one car

tilage could result in asymmetric vertebral growth. The 

authors thought further investigation was necessary to 

determine if the neurocentral synchondrosis was a pri

mary cause of lateral curva ture or if it was simply 
influenced by other causes (e .g. , asymmetric muscular 
or neurologic activity). 

NERVES, VESSELS, AND VISCERA RELATED 
TO THE THORACIC SPINE 

The thoracic spine and the ribs are intimately related to 
many neura l ,  vascular, and visceral structures (Figs. 6-7 

and 6-8). The stmctures most closely related to the spine 
and ribs include posterior primary clivisions; the inter
costal arteries, veins, and nerves; azygos, hemiazygos, 
and accessory hemiazygos veins; thoraciC duct and tho
racic lymphatics; thoracic aorta; esophagus; trachea; va

gus nerves; thoracic sympathetic chain; and splanchnic 
nerves. These structures are discussed briefly in this sec

tion. Chapter 1 and Table 1 -1  relate many of the most im

portant visceral structures to vertebral bocly levels to aid 

in the in terpretation of scans presenting cross-sectional 
anatomy (CT, MlU) . The intercostal muscles are d is
cussed in Chapter 4 .  

Posterior Primary Divisions (Dorsal Rami) 

The thoracic mixed spinal nerves are formed within 
the IYF by the union of the thoraciC dorsal and ventral 

roots. The roots in the upper thoracic region descend 

only slightly before entering the IYF , whereas the roots 
of the lower thoracic region may descend as much as 
rwo vertebral levels before entering the IVF. Once 

formed , the m ixed spinal nerves contain both sensory 
and motor fibers. Each mixed spinal nerve then divides 

into a posterior primary division (dorsal ramus) and an 
anterior primal)' division (ventral ramus) as it exits the 
IYF (Fig. 6-8, B) . The anterior primary division of a tho
racic nerve becomes an intercostal nerve and the sub

costal nerve at the level of T 1 2  (see following discus
sion). The posterior primary division (dorsal ramus) 
passes posteriorly across the lateral aspect of the Z joint, 
to which it sends fine branches. It then passes through a 
small but adequate opening bounded superiorly by the 
TP, inferiorly by the rib of the vertebra below (e. g . ,  T5 

nerve exits berween T5 and T6 vertebrae and above 
sixth rib), medially by the Z jOint,  and laterally by the 
sllperior costotransverse ligament, which attaches to 

the rib below. This opening is Imown as the costotrans

verse foramen of Cmveilhier. The clorsal ramlls then 

divides into medial a nd lateral branches. The lateral 
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FIG. 6-7 Posterior tho

racic wall showing the rela

tionship of the vertebrae 

and ribs to the vessels and 

nerves of the thorax. The 

right vagus nerve is shown 

sending a few branches to 

the anterior esophageal 

plexus. The more abundant 

and imporrant contributions 

to the posterior esophageaJ 

plexus cannot be seen from 

this perspective. 
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branch supplies the erector spinae muscles in the region 

a nd continues to provide sensory innervation to the skin 

of the bac k .  

Not all o f  the first six lateral branches of the posterior 

primary d ivisions reach the skin.  However, the lower six 

lateral branches all have significant cutaneous distribu

tions. They supply the skin superficial to the spinous 

processes via medial cutaneous branches (of the latera l 

Azygos v. 

Left primary (ma in  
stem) bronchus 

Right vagus n .  

Sympathetic trunk  

Thoracic duct 

Anterior longitudinal 
l igament 

Esophagus 

Greater splanchnic n. 

branches of the posterior primary d ivisions) and supply 

sensory innervation to the skin several inches lateral to 

the midline via lateral cutaneous branches (of the lateral 

branches of the posterior primary divisions). The lateral 

cutaneOllS branches may descend as far as four ribs be

fore reaching the skin. The lateral cutaneous branch of 

the posterior primary d ivision of T 1 2  reaches the upper 

border of the iliac crest. 
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FIG. 6·8 A, Nerves and vessels related to three adjacent thoracic vertebrae and the ribs that 

articulate with tllem.  B, Close-up of the nerves associated with a single thoracic motion seg

ment (two adjacent thoracic vertebrae). 
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A typical medial branch of a posterior primary d ivision 

funs a rather tortuous course between the multifid us 

muscle on i ts medial surface and the levator costafll ll1 

muscle on its lateral side (Maigne, Maigne, & Guerin

Surville, 1 99 1 ). It  then continues posteromedially and 

slightly inferiorly, running medial to most of the longis

simus thoracis muscle fibers. The dorsal rami  of the sec

ond,  third ,  and fourth thoracic nerves then pass through 

the tendon of the splenius cervicis muscle, continue 

through the rhomboid muscles, pierce the trapeZius 

muscle,  amI then reacl1 the skin adjacent to the spinous 

process of i ts vertebra of origin (e.g. , T3 nerve innervat

ing region of T3 spinoLls process). The medial branches 

of the fifth and sixth thoracic nerves a lso reach the skin 

of the back. 

Maigne and colleagues ( 1 99 1 )  found that the LIpper 

thoracic medial branches of the dorsal rami frequently 

appeared to be entrapped in tendons of the erector 

spinae or sp leni us cervicis muscle. They believed this 

helped to explain localized areas of thoracic d iscomfort 

with associated hypesthesia and paresthesia frequently 

seen in their c linical practice. Also, in 1 of the 1 6  cadav

ers studied , the authors fou nd a bilateral anastomosis be

tween the medial branc h  of the dorsal ramlls of T2 and 

the accessory nerve. They thought this may explain the 

occasional lack of paralysis of the trapeZius m uscle 

among certain individuals after transection of the acces

sory nerve during neck surgery. 

The medial branches of the posterior primary divi

sions of the lower six thoracic nerves pass posteriorly to 

innervate primarily tbe multi fid i ,  rotatores, and longis

s imlls thoracis muscles; they only occasionally reach the 

skin of  the back (Williams et a I . ,  1 989) . 

Intercostal Nerves, Arteries, and Veins 

Intercostal Nerve�. The anterior primary d ivisions of 

the T1 to T I l nerves are the intercostal nerves (Figs. 6-7 
and 6-8) . The ventral ramus of the T1 nerve splits, and 

the larger branch joins the ventral ramus of C8 to form 

the inferior tnll1 k  of the brachial plexus. The smaller 

branch of the ventral ramus of T1 forms the first inter

costal nerve. The anterior primary d ivision of the T 1 2  

nerve i s  t h e  subcostal nerve. 

Very close to its origin, each intercostaI nerve (and the 

subcostal and upper two lumbar nerves) sends a white 

ramus comm u nicans to the sympathetic ganglion of the 

same level .  These ganglia are located anterior to the in

tercostal nerves anc! lie a long the lateral aspect of the 

vertebral bodies. 

The intercostal nerves a lso receive gray rami commu

nicantes from the neighboring sympathetic ganglia (Fig. 

6-8) . This is similar to all other anterior primall' d ivi

sions. The intercostal nerve then continues laterally 

a long the subcostal groove, inferior to the intercostal 

vein anc! artell' (Figs. 6-7 anc! 6-9). The lateral course of 

the intercostal nerve, within the posterior intercostal 

space, is subject to a rather wide degree of variation. The 

intercostal nerve frequently runs within the middle of 

the i ntercostal space (73% of the time) anc! may occa

sionally TIm along the inferior aspect of tbe in tercostal 

space just above the subjacent rib (Hardy, 1 988) . 
Each intercostal nerve provides sensory, motor (so

matic motor), and sympathetic (visceral motor to blood 

vessels and sweat glands) innervation to the thoracic or 

abdominal wall .  This is accomplished by means of pos

terior, lateral, and anterior branches. 

Posterior Intercostal Arteries. The th.ird through 

e leventh intercosta l a rteries originate from the thoracic 

aorta and course laterally along the inferior aspect of the 

corresponding rib (Fig. 6-7 and 6-9, A) .  The artery that 
runs below the twelfth rib is known as the subcostal 

artery because it  lies i nferior to the twe l fth rib and not 

between two ribs. The first two intercostal arteries arise 

from the highest intercostal artery. The highest inter

costal artell' is a branch of the costocervical trunk, 

which arises from the subclavian artery. 

The intercostal arteries run bel\veen the intercostal 

vein superiorly ami the intercostal nerve inferiorly. Since 

the thoracic aorta lies to the left of the thoracic spine, 

the right intercosta l arteries must cross over the thoracic 

vertebral bod ies to reach the right intercostal spaces. 

This results in the right intercostal arteries being longer 

than the left ones . 

Each posterior intercostal artery gives rise to dorsal 

and lateral branches that supply the dorsal (including 

deep back muscles) and lateral aspects of the intercostal 

spaces, respectively. 

Anterior In tercostal Arteries. The LIpper sL-x ante

rior intercostal arteries arise from the internal thoracic 

arter),. The internal thoracic artery arises from the sub

clavian artery, then courses i nferiorly, behincl and lateral 

to the sternocostal articulations, amI d ivides into the su

perior epigastriC artery and the musculophrenic artery. 

The musculophrenic arrell', in turn, supplies the sev

enth, eighth, and ninth anterior intercostal arteries. The 

n ine anterior intercostal arteries supply the intercostal 

muscles anteriorly, as well as the muscles of tile anterior 

thoracic wall and breast.  

I nte rcostal \ e ins and the ,-\z}gos S)stem of 
'eins. Venous drainage of the thoracic cage is accom

plished primarily by the intercostal veins. The intercostal 

venous blood generally courses in the opposite direction 

of the arterial supply and drains i nto the azygos system 

of veins (Figs. 6-7 and 6-9, A) .  
The azygos vein originates from one or more of 

the following: inferior vena cava , right renal vein,  and 

righ t  ascending lumbar vein .  The azygos vein passes 

through the diaphragm by means of the aortic hiatLis. 



It then courses along the right anterior aspect of 

the thoracic vertebral bodies. Alo ng i ts course this 

vein receives the righ t lower eight intercostal veins, 

the right superior intercostal vein, and the hemiazy

gos veins.  In addition, the accessory hemiazygos vein 

is frequently a direct tributary of the azygos vei n .  The 

right superior intercostal vei n  drains the upper two to 

three intercostal spaces and can empty i nto either the 

azygos vein or the right brachiocephalic vein .  Other 

tributaries of the azygos vein include esophageal, 

bronchial ,  mediast ina l ,  and pericard ial veins. The azygos 

vein courses superiorly and arches (from posterior to an

terior) around the superior aspect of the right p rimary 

bronc hus. It then terminates by entering the superior 

vena cava. 

The hemiazygos vein originates from the l eft ascend

i ng lumbar vein, the left renal ve in ,  or both. The hemi

azygos ve in e nters the thorax through the aortic hiatus. 

I t  then conti nues superiorly a long the left an terior 

aspect of the vertebral bod ies. Along i ts path the hemi

azygos vein receives the lower four or five left inter

costal veins. It a l so frequently receives the accessory 

hemiazygos vei n .  The hemiazygos helps to d rain the 

left med iastinum and left lower esophagus. The hemi

azygos vein crosses from left to right at approximately 

the level of T9 and term inates by emptying i n to the 

azygos vei n.  

The accessory hemiazygos vein connects the middle 

three or four i nrercostal veins. It occasiona l ly receives 

the left superior in tercostal vei n,  which d rains the upper 

two to three intercostal spaces . However, the left supe

rior intercostal vei n  normally is a tributary of the left bra

ch iocephaJic vei n .  The accessory hemiazygos ends by 

either draining into the hemiazygos vein or by crossing 

the vertebral column from left to right, just above the 

hemiazygos vein , to drain i nto the azygos vein .  

Thoracic Duct 

The thoracic duct is the largest a nd most importan t  lym

phatic channel of the body (Figs. 6-7 and 6-9). The tho

racic duct d rains both lower extrem ities, the pelvis, the 

abdomen, the left side of the thorax, the left upper ex

tremity, and tbe left side of the head and nec k .  It origi

nates at the cisterna chyli (when present) and terminates 

at the junction of the left subclavian and left internal 

jugular veins. The cisterna ch)'li is a large midl ine lym

phatic collecting stmcture located just i nferior to the 

aortic hiatlls of the diaphragm. It col lects lymphatics 

from the lower extremities via left and righ t la teral 

branches and from the intesti nal tract via an i ntestinal  

branch. The cisterna chyJi tapers at its superior aspect 

and becomes the thoracic duct.  Most frequently the cis

terna chyli is replaced by a confluence of lymph trunks 

in the abdominal  region . The thoracic duct subsequently 

enters the thorax through t he aortic h iatus just to the 
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right of the aorta .  On entering the thorax, the thoracic 

d uct con tinues superiorly along the anterior aspect of 

the thoracic vertebral bodies. Between T7 ancl T'5 It  

passes to the left side of the anterior aspect of the verte

bra l bodies. The thoracic duct continues superiorly and 

empties i n to the junction of the left subclavian and in

ternal jugular veins. 

The righ t lymphatiC duct d rains the right side of the 

thorax, the right upper extremity, and the right side of 

the nec k and bead .  It  usually empties i n to the right sub

clavi a n  vein, the interna l jugu lar ve in, or the union of 

the tWO. 

The lymphatics of the thoracic cage drain i.nto med i

astinal nodes, w h ich in turn drain i nto either the right 

lymphatic duct or the thoracic duct. The lymphatics of 

the mediastinum are very abundant and can be divided 

into four major groups: superior med iastinal nodes, di

aphragmatic nodes, posterior mediastinal nodes, and tra

cheobron chial  nodes. These lymph nodes drain into 

nearby lymphatic channels. Those of the right side drain 

into the right lymphatiC duct ,  and those of the left side 

drain into the thoracic duct. 

Aortic Arch. and Thoracic Aorta 

.\ortac '\ ch. The aortic arch begins at the heart as the 

outtlow path of the left ventIicle. It extends in fro nt of 

the trachea, swings a round the left primary bronchus, 

and comes to l ie to the left of the midthoracic vertebrae 

(Fig. 6-7). The arch then continues inferiorly as the de

scending thoracic aorta . There are three large branches 

from the aortic arch:  the brachiocephalic (innominate) 

a rtery, the left common carotid artery, and the l e ft sub

clavian artery. 

nl'�cendinJ.: 'horacic Aorta, The descending tho

racic aorta is the continuation of the aortic arch (Figs . 

6-7 and 6-9) . It begins at approXi mately the T4-'5 disc and 

continues inferiorly along the left side of the thoracic 

vertebrae. The thoracic aorta shifts to the midline in  the 

lower thorax, lying on the a n terior aspect of the lower 

thoracic vertebrae. The thoracic aorta gives off bron chial  

artelies (which supply the l ungs) and a ll the intercosta l 

a rteries except the first two on each Side (suppl ied by 

the h ighest intercosta l artery of the costocervical trunk) .  

The descending thoracic aorta also gives off the left and 

right subcostal arteries. 

Esophagus 

The esophagus (Fig. 6-7) ongll1ates posterior to the 

cricoid ca rtilage (approximately at the level of C6) and 

termi nates at the cardia of the stomach (at the T I l ver

tebral body level). Therefore the esophagus has cervical ,  

thoracic,  and abdominal regions. I t  i s  approXimately 1 0  

i nches in length .  The esophaglls lies approximately i n  
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Root of the lung 

Descending 
thoracic aorta 

Th oracic duct 

A Right vagus n. 

B 

Azygos v .  

Right vagus n. 

Right posterior 
intercostal a. 

FIG. 6-9 A, Right side of the meciiastinum anel  the thoracic vertebrae, ribs, anc!  intercostal 

spaces associated with this region .  B, Same specimen with the azygos vein and reJated inter

costal veins retracted . This was done to show more clearly the anterior longitudinal ligament. 

Notice the large osteophytes extending from the anterolateral aspects of the thoracic verte

brae. Such osteopll}'tes are typical ly seen in dissections of this region. 

Trachea 

Contribution to 
greater splanchnic n. 

Posterior intercostal v. 
and a. and intercostal n .  

Descending 
thoracic aorta 

Thoracic dud 

Anterior longitudinal 
ligament 

Osteophyte 

Intercostal n.  

the midline in the upper and mid dle thorax, where it is 
located posterior to the left atrium. It cu rves left at the 

esopha geal hiatus (ap p ro xima tely TlO vertebral bo d y  
level) , where it lies anterior a n d  slightly to the left o f  the 
tho racic a orta and its hia tus. 

The trachea (Fig. 6-7) is a rigid tubular  organ that lies an
terio r to the esophagus, between the bra chiocephalic 
a rtery (on the right) and the left common carotid a rtery 
(on the left) . The bracruocephalic veins l ie antelior to 



the trachea. The trachea begins at the cricoid carti lage 
(approximately the level of C6) and ends by bifurcating 
into the left ami right primaly bronchi at  approximately 
the level of tbe T4-5 elisc (fig. 6-7). The trachea is kept 
rigid and held open by 16 to 20 cartilaginous tracheal 
rings. These rings are C shapecl with the open end fac ing 
posteriorly. Fibro-elastic tissue and smooth muscle (tra
cheal or tracheal is musc le) span the postelior opening. 
The less rigid posterior su rface allows for the passage of 
food through the posteriorly located esophagus. Helping 

to form the tracheal bifurcation is the calina,  the in
verted V-shaped inferior border of the last tracheal carti
lage. 

The trachea receives innervation from sympathetic 
and parasympathetic autonomic fibers. The parasympa
tbetics arise from the vagus nuves and their recurrent la
ryngeal branches. Stimulation of these nerves results in 
constriction of the trachea and increased secretion of 
the mucus cells of the tracheal epithel ium. Sympathetic 
innervation of tbe trachea is derived from branches of 
the thoracic sympathetic trunk. Stimula tion of these 
nerves results in dilation of the trachea ami decreased 
mucus secretions. 

Vagus Nerves 

The vagus nerves (right and left) run within the ca
rotid s beath in the neck and enter the thorax medial 
to the phreniC nerves (right and left). Each vagus nerve 
is r 'sponsibl e  for carrying preganglionic parasympa
thetic fibers to all thc thoracic viscera. These fibers 
synapse in the walls of the organs they supply. General 
visceral afferent fibers from these same viscera also 
travel within the left and right vagus nerves. The 
parasympathetic nervous system is described in detail in 
Chapter 10 .  

Left Vagus Nerve. The left vagus nerve e nters the 
thorax bet ween the left common carotid and left sub
clavian arteries. It continues inferiorly by crossing the 
aortic a rch, where it gives off the rather large left recur
rent laryngeal nelve. This nerve loops around tbe aortic 
arch from anterior to posterior just lateral to the liga
mentum a rteriosu m. It then runs superiorly in a groove 
between the esophagus and trachea (tracheo-esophageal 
groove) to snpply eight of the nine laryngeal musc les on 
the left side .  The main trunk ol the vagus nerve contin
ues i n feriorly from the arch of the aorta (giving branches 
to the cardiac plexus) and follows the aorta posteriorly, 
passing behind the root of the left lung, where it partic
i pates in the pulmonary plexus. The vagus nerve then 
courses med ial ly and comes to lie on the anterior as
pect of the esophagus, where it helps to form the 
anterior esophageal plexus. The anterior esophageal 
plexlls coalesces inferiorly to form the anterior vagal 
trunk .  This trunk exits the thorax by traveling along 
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the anterior aspect of the esophagus through the 
esophageal hiatus of the diap hragm. 

Right Vagus Nerve. The right vagus nerve enters the 
thorax by crossing the right subclavian artery. The right 
recunoent laryngeal nelve is given off at  this point. This 
nerve loops around the right subclavian artery and con
tinues superiorly in  the right tracheo-esophageal groove 
to supply eight of the nine m uscles of the larynx on the 
right side. The right vagus nerve continues inferiorly in 
the thorax , contribut ing to the superficial and deep car
diac p lexuses, a nd runs posterior to the root of the right 
lung. Here it sends several branches to the posterior 
p u l monary plexus. The right vagus then travels medially 
to the posterior aspect  of the esophagus, where it forms 
the posterior esophageal plexus (Figs. 6-7 and 6-9). The 
nerves of the posterior esophageal plexus coalesce to 
form the posterior vaga l trunk .  The posterior vagal trunk 
exits the thorax by traveling a long the posterior aspect 
of the esophagus through the esophageal hiatlls of the 
diaphragm . 

Thoracic Sympathetic Chain 

The sympathetic nervous system is discussed in detail i n  
Chapter 10 .  Becallse o f  t h e  close anatomic relationship 
between the sympathetic tmnk and the thoracic verte
brae,  it a lso is discussed briefly here .  

The sympa thetic trunk in t h e  thoracic region extends 
from superior to inferior across the heads of the ribs and 
is covered by the costal pleura (see Figs. 6-7, 6-8, and 
1 0-7, B). As it reaches the inferior aspect of the thorax, 
the tmnk courses media lly to be positioned a long the lat
eral  aspect of the lower thoracic vertebral bodies. The 
sympathetic tmnk is composed of axons of neurons 
whose cell bodies are located in the intermediolateral 
cell column of th e thoracic spinal cord . These axons exit 
the cord via a ventral root that u nites with a dorsal root,  
form ing a mixed spinal nerve . This nerve exits the ver
tebral canal  throllgh the IVF. These preganglionic sym
pathetic fibers leave the ventral ramus close to its origin 
and enter a white ramus communicans, which connects 
to the sympathetic ganglion. Once in the sympathetic 
gangl ion, the preganglionic sympathetic fibers have sev
eral options to reach their destinations (effector organs). 
(see Chapter 10) .  One option is to heIp form the 
splanchnic nerves, which supply a large part of the ab
dominal viscera with sympathetic innervation. 

Splanchnic Nerves 

The thorax contains three splanch nic nerves: the 
greater, the lesser (see Figs. 6-7, 1 0-4 , and 1 0-1 0), and the 
least. Each is formed from branches of the sympathetic 
chain. The splanchnic nerves course along the lateral as
pects of the m iddle and lower thoracic vertebral bodies 
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and exit tb e thorax by pierCing the posterior aspect of 
the d iaphragm. Th ey then synapse in one of several pre

vertebral ganglia. The postganglionic fibers from these 
prevertebral gangl ia provid e sympathetic i nnervation to 
th e vast majority of the ab d ominal viscera. 

The three splanchnic nenres, th eir ganglia of origin, 

and the preverteb ral ganglion in which they synapse are 
as follows: 
• Greater splancbnic nerve. Thi s nerve arises from tho

racic gangl ia five through nine (Figs. 6-7; 6-8, A ;  and 
6-9, A) and synapses in the celiac ganglion. Some of its 
fib ers d o  not synaps e here but run d irectly to the 

med ulla of the adrenal gland,  wh ich they innervate. 
• Lesser splcmcbnic nerve. The lesser splanchnic nerve 

arises from thoracic ganglia 9 and 10 (it may some
times arise from 10 and 1 1 )  (William s  et ai . ,  1 989). It 
s ynapses in the aorticorenal ganglion. 

• Least splancbnic nerve. This nerve originates from the 

twelfth thoracic ganglion and synapses within ganglia 
of the renal plexus. 
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CHAPTER 7 

The Lumbar Region 

Gregory D. Cramer 

Lumbar Lordosis ancl Characteristics of Typical Lumbar 

Vertebrae 

Developmental Considerations and the Lumbar Curve 
(Lordosis) 

Vertebral Body 

Pedicles 

Transverse Processes 

Articular Processes 

Zygapophyseal Joints 

Laminae 

Lumbar Vertebral Foramen and Vertebral Canal 

Spinous Process 

Lumbar Intervertebral Foramina and Nerve Root Canals 

Unique Aspects of the Lu mbar Vertebrae, Ligaments, and 

Intervertebral Discs 

Fifth Lumbar Vertebra 

Lumbosacral Articulation 

Ligamenb of the Lumbar Region 

Lumbar Intervertebral Discs 
Ranges of Motion in the Lumbar Spine 

Soft Tissues of the Lumbar Region: Nerves and Vessels 

Nerves of the Lumbar Region 

Vessels of the Abdomen Related to the Spine 

The lumbar portion of the vertebral column is sturdy and 

is designed to carry the weight of the head, neck, trunk, 

and upper extremities. Yet, pain in the lumbar region is 

one of the most common complaints of individuals, ex

perienced by approximately 80% of the population at 

some time in their lives (Nachemson, 1976). The esti

mated annual cost for treatment of low back pain and for 

resulting disability is estimated at more than $ 13 billion 

in the United States. Low back pain is the most common 

complaint of patients who go to clinics that deal plimar

ily with musculoskeletal conditions. Low back pain of 

mechanical origin is the most frequent subtype found in 

this group (Cramer et aI., 1992a). The most common 

sources of low back pain are the lumbar zygapophyseal 

joints (Z joints) and the intervertebral discs (IVDs) 

(Bogduk, 1985). 
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Much of the reason for the high incidence of low back 

pain is probably related to humans being bipedal. Being 

able to walk on the hind limbs is accompanied by in

creased freedom of movement and increased ability to 

interact with the environment, other species, and other 

members of the same species. Animals that walk on the 

hind legs (primarily humans) can normally turn their 

heads to look around on both sides with relative ease. 

They also have the ability to use their hands for an al

most infinite number of tasks without having to be con

cerned about using their upper extremities to help main

tain balance. 

However, the ability to walk on the lower extremities 

(the bipedal stance) has one significant drawback: in

creased stress is placed on the spine. The weight of the 

body is concentrated on a smaller region compared with 

quadrupeds. The weight of the human trunk is com

pletely supported by the lower extremities and lumbar 

177 
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spine during standing, and it is completely absorbed by 

the lumbar spine and sacroiliac joints during sitting. 

Therefore the lumbar region, sacrum, and sacroiliac 

joints are susceptible to more problems than are en

countered by four-legged animals. These problems can 

be divided into three types of lumbar disorders and also 

sacroiliac joint difficulties: 

I. Problems with the lumbar region 

A. The Z joints (facet joints; see Figs. 7-3 through 7-

5). Increased weight borne by these joints can be 

a direct cause of back pain. These joints are also 

susceptible to arthlitic changes (osteoarthritis; 

arthritis associated with "wear and tear"). 

B. The intervertebral diSc. The IVDs absorb most of 

the increased stress received by the low back in 

bipeds. The discs may bulge or nJpture, and by 

doing so compress the spinal nerves that exit be

hind them (see Figs. 7-19 and 7-20). This protnJ

sion results in back pain that a lso has a sharp ra

diation pattern into the thigh and sometimes into 
the leg and foot. This type of pain is frequently de

scribed as feeling like a "bolt of lightning" or a 

"hot poker" (see Chapter 11). The IVDs may also 

undergo degeneration. This narrows the space 

between the vertebrae, which may result in 

arthritic changes and additional pressure on the Z 

joints (see Chapter 2). The discs themselves are 
supplied by sensory nerves and therefore can be 

a direct source of back pain (i.e., they do not have 

to compress neural elements to cause back pain). 

C. The muscles of the low back in bipeds are called 

on to hold the spine erect (erector spinae mus

cles; see Chapter 4). Therefore, when they are re

quired to can)' increased loads (this sometimes in

cludes the added weight of a protruding ab

domen), these muscles can be torn (strained). 

Note: The lumbosacral region, bervveen L5 and 

the sacrum, receives the brunt of the biomechan

ical stress of the biped spine. The lumbosacral 

joints (interbody joint and left and right Z joints 

between L5 and the sacrum) are a prime source 

of low back pain. In addition to the stresses pre

viously mentioned, the opening for the mixed 

spinal nerve at this level is the sma llest in the lum

bar region, making it particularly vulnerable to 

IVD protrusions and compression from other 

sources. 

II. The sacroiliac joints are the joints bet\veen the 

sacmm and the left and right ilia. The weight carried 

in the upright posture can also result in damage to 

the sacroiliac jOint, another source of low back pain 

(see Chapter 8). 

Because of its clinical irnpOl·tance, the lumbar region 

has been the target of extensive high-quality research. 

Numerous descriptive and quantitative studies have 

been completed on this area of the spine. This chapter 

concentrates on the unique characteristics of the lumbar 

vertebrae and the ligamentolls, neural, and vascular ele

ments of the lumbar region. It also includes the most 

pertinent results of descriptive and quantitative investi

gations in an attempt to explain clearly the most impor

tant and clinically relevant icliosyncrasies of this intrigu

ing area of the spine. 

All the lumbar vertebrae are consid ered to be typical, 

although the fifth l umbar vertebra is unique. This chap

ter presents the typical characteristics of lumbar verte

brae, the lumbar vertebral canal, and the intervertebral 

foramina (IVFs). A description of the unique characteris

tics of L5 and the lumbosacral articulation follows. The 

ranges of motion of the lumbar region are also included. 

The chapter concludes with a discussion of the nerves, 

vessels, and related viscera of the lu mbar region. 

LUMBAR LORDOSIS AND 

CHARACTERISTICS OF TYPICAL 

LUMBAR VERTEBRAE 

Developmental Considerations and the 
Lumbar Curve (Lordosis) 

The development of lumbar vertebrae is similar to the 

development of typical vertebrae in other regions of the 

spine (see Chapter 12). Unique to the lumbar region is 

the presence of two additional secondary centers of os

sification on each lumber vertebra. This brings the [Otal 

number of secondary centers of ossification per lumbar 

vertebra to seven. These additional centers are located 

on the posterior aspect of the superior articular 

processes and develops into the mamilla!)' processes. 

Between 2 and 16 years, the lu mbar vertebrae grow 

twice as fast as the thoracic vertebrae. Because the an

teroposterior curves of these two regions face in oppo

site directions (thoraCic k.J'phosis versus lum bar lordo
sis), the posterior elements of thoracic vertebrae proba

bly grow faster than their vertebral bodies, and the 

reverse (lu mbar vertebral bodies grow faster than their 

posterior elements) is true in the lumbar region (Clarke 

et a!. , 1985). 

Normally the lumbar lordosis is more prominent than 

the cervical lordosis. The lumbar lordOSiS extends from 

T12 to the L5 IVD, and the greatest portion of the curve 

occurs between L3 and L5. The lumbar lordosis is cre

ated by the increased height of the anterior aspect of 

both the lumbar vertebral bodies and the lum bar IVDs, 

with the discs contributing more to the lordosis than the 

increased height of the vertebral bodies. 

Eit her an increase or decrease of the lu mbar lordosis 

may contribute to low back pain (Mosner et aI., 1989) 

This has sparked an interest in measurement of the 
lumbar curve, and as a result, the lumbar curve has 

been measured in a variety of ways. One method, de

veloped by Mosner and colleagues (1989), used mea

surements from lateral x-ray films taken with the patient 



in the supine position. A line was drawn across the 

superior vertebral end plate of L2 and another across 

the superior aspect of the sacral body. These two lines 

were continued posteliorly until they intersected, and 

the angle between them was measured. Using this 

method, an angle of 4r and 43° was found to be normal 

for women and men, respectively. This is in agreement 

with the values given by other authors (Williams et aI., 

1 989). 
In the past, many clinicians incorrectly assumed that 

the lumbar lordosis in the black population was greater 

than that in the white population, but this has been 
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found to be incorrect; the lordosis is approximately the 

same in both races (Mosner et aI., 1 989) . 

The lumbar lordosis is often significantly increased in 

achondroplasia. This can lead to a marked compensatOlY 

thoracic (thoracolumbar) kyphosis, which in some cases 

can be severe (Giglio et aI., 1 988) . 

Vertebral Bodies 

\Vhen viewed from above, the vertebral bodies of the 
lumbar spine are large and kidney shaped with the con
cavity facing posteriorly (Fig. 7- 1 ) .  The superior surfaces 
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FIG. 7-1 Typical lumbar vertebra. A, Superior view. B, Lateral view. 
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of the vertebral bodies possess small elevations along 

their posterior rim. These represent remnants of the un
cin ate processes of the cervical region . The inferior sur

faces of the vertebral bodies have two small notches 

along their posterior rim .  These notches correspond to 

the uncinate-like elevations of the vertebra below. These 

e levations and notches have been used as landmarks on 
x-ray films as a means for evaluating normal and abnor

mal movement between adjacent lumbar segments 
(Dupuis et aI., 1 9�5). 

The vertebral bodies are wider from side to side (lat

eral width) than from front to back and are taller in front 

(anteriorly) than behind. Therefore, as mentioned previ

ously, the vertebral bodies are partially responsible for 

the creation and maintenance of the lumbar lordosis. 
The lateral width of the lumbar vertebrae i ncreases 

from L I to L:). L4 a nd L5 are somewhat variable in width 

(Will iams et aI ., 1 989). Ericksen (l97()) found that the L3 
and L<i vertebral bodies (the only ones he studied) be

came wider from side to side with age. Also, he noted a 

decrease in height of the vertebral body's anterior as

pect, corresponding with an increase in i ts lateral width, 

in both males and females. Further, Ericksen found that 
in males the inc rease in lateral width was accompanied 

by a corresponding decrease in height of the vertebral 

body's posterior aspect as well .  

The blood supply to the vertebral bodies is extensive 
and complex (Bogduk & Twomey, 199 1 ) .  Each lumbar 
segmental artelY gives off up to 20 primary periosteal ar

teries as it courses across the anterolateral aspect of the 

vertebral body. The posterior aspect is su pplied by many 

branches of the anterior vertebral canal artery. The ante
rior vertebra l canal artery is the anterior branch of the 

artery that passes through the NF. The artery that passes 

throllgh the rVF is sometimes known as the spinal ramus 

of the (lumbar) segmental artery. 
The end branches of periosteal arteries form a ring 

around both the superior and the inferior margins of the 

vertebral body. These rings are known as the metaphy

seal anastomoses (superior and inferior). They not only 

help to supply the metaphyseal region of the vertebral 
body, but also se nd penetrating branches (metaphyseal 

arteries) to the region of the vertebral end plate (Bogduk 

& Twomey, 1991). A dense capillary network is associ
ated with the superior a nd inferior vertebral end pl ates. 
This network receives contributions from the metaphy
seal and nutrient arteries. 

Nutrient arteries also arise fro m the anterior vertebral 

canal arteries. The nutrient arteries enter the center of 

the posterior aspect of the vertebral body, pass deep 

within the substance of the cancel lous bone of the ver

tebral body's center, and then give off superior (ascend

ing) and inferior (descending) branc hes. I n  addition 

to giving off periosteal arteries, the lumbar segmen tal 
arteries also send branches that en ter the cancellous 
bone of the a nterior and lateral aspects of the vertebral 

bodies. These branches enter along the superior-to-infe

rior midpoint of the vertebral bodies. Known as the 

equatorial arteries, these vessels are similar to the nutri
ent arteries in that they also give rise to ascending and 

descending branches deep within the substance of the 

vertebral bodies (Bogduk & Twomey, 1 991 ). 
Fractures of the secondary centers of ossification as

sociated with the superior and inferior vertebral end

plates, the ring apophyses (sometimes known as anular 
epiphyses, see Chapters 2 and 1 2), have been reported. 
These fractures are rather rare but occur most frequently 

during adol escence. The signs and symptoms of apophy

seal ring frac tures resemble those of IVD protrusions. 
Such fractures may go unnoticed on conventional x-ray 

films. Sagittally reformatted computed tomography (Cn 

is cu rrently the imaging modality that shows these frac
tures to best advantage (Thiel, Clements, & CaSSidy, 

1 992). 

The lumbar vertebral bodies serve as attachment sites 

for several structures. Table 7- 1 lists those structures that 

attach to the lumbar vertebral bodies. 

Pedicles 

The pedicles of the lumbar spine are short but strong 

(Fig. 7- 1 ) .  They attach lower on the vertebral bodies than 
the pedicles of the thoracic region, but higher than 
those of the cervical region. Therefore each lumbar ver

tebra has a superior vertebral notch that is less distinct 

than that of the cervical region. On the other hand, the 

inferior vertebral notch of lumbar vertebrae is promi

nent. 

Table 7-1 Attachments to Lumbar Vertebral 
Bodies 

Region Stnlcrure(s) attached 

Anterior surface Anterior longitudinal ligament 011 superior 

and inferior borders 

Posterior surface Posterior longitudinal lig�ment on supe

rior and inferior borders 

Lateral surface Crura of the diaphragm (anterolateral sur-

face of left L1 and L2 and right Ll, L2, 

and L3) 

OJigin of the psoas major muscle (pos

terolatenll aspect of superior anti infe

rior surface of aU lumbars); a series of 

tendinous arches between vertebral at

tachments of the psoas major muscle 

creates concave openings between 

arches and vertebral bodies, allowing 

for passage of segmental alteries, "ems, 

and gray communicating rami of sympa

thetic chain. 

Data from Williams et "I. (l <)H<»). Gray's CIlia/amy (:)71h ed.). 

Edinburgh: Churchill Livingstone. 



The role of the pedicJes in the transfer of loads is dis
cussed in Chapter 2. More study is needed to confirm 

the role played by the peC\icJes in the transfer of loads in 

the upper lumbar region (Pal et aI., 1988). However, the 
trabecular pattern of the L4 and L5 pedicles seems to in

dicate that most loads placed on these vertebrae may be 

transferred from the vertebral bodies to the region of the 

posterior arch, specifically to the pars interarticularis 

(see Laminae). 

Transverse Processes 

Each transverse process (TP) (left and right) of a typical 

lumbar vertebra projects posterolaterally from the junc

tion of the pedicle and the lamina of the same side (Fig. 
7-1). It lies in front of (anterior to) the articular process 

and behind (posterior to) the lumbar IVF. 
The lumbar TPs are quite long, the TPs of L3 being the 

longest. TI1e distance between the apices of the left and 

right TPs is much greater on LI than T12. This distance 
increases on L2 and is the greatest in the entire spine on 

L3. The intertransverse distance between the left and 
right L4 TPs is smaller than that of L3 and is even smaller 

for L5. The lumbar TPs are Hat and thin from front to 

back. They are also narrower from superior to inferior 

than their thoracic counterparts. They possess neither 

articular facets (as do thoracic TPs) nor transverse foram

ina (as do cervical T.Ps). The anterior aspect of the lum
bar TPs are also known as the costal elements, and they 
may occasionally develop into ribs. This happens most 

frequently at LI. 

The lateral aspect of the anterior surface of the lum

bar TPs is creased by a ridge that r1.lns from supelior to 
inferior. This ridge is created by the anterior layer of 

the thoracolumbar fascia. The middle layer of the tho

racolumbar fascia attaches to the apex of the TPs. Table 
7-2 lists structures that attach to tbe lumbar TPs. 

AcceSSOr} Processes. Unique to the lumbar spine 
are the accessOlY processes. Each accessory process pro
jects posteriorly from the junction of the posterior and 

inferior aspect of the TP with the corresponding lamina. 

These processes serve as attachment sites for the longis
simus thoracis muscles (Iwnbar fibers) and the medial in

tertransversarii lumborum muscles (Williams et aI., 

1989). (See Fig. 4-5, E, for the attachment of the medial 
intertransversarii lumbo11.11l1 m uscJes to the accessory 
processes.) 

Articular Processes 

Superior Artkular Processes. Left and right supe
rior articular processes are formed on every vertebrae of 

the lumbar spine (Fig. 7-1). Each s11perior articular 
process possesses a hyaline cartilage-lined superior ar

ticular facet that is oriented in a vertical plane. That is, 
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these facets are not angled to the vertical plane like the 
superior articular facets of the cervical and thoracic re

gions. 

All the lumbar superior articular facets face posteriorly 

and medially. The articular surface of a typical superior 
articular facet can be gently curved with the concavity 

facing medially (Figs. 7-2 and 7-3), or the articular sur

face can be angled abnJptl}'. When the articular surface 
is angled abruptly, two rather distinct articulating sur

faces are formed. One surface faces posteriorly and 
forms almost a 90° angle with the second surface, which 

faces medially. As with the curved facet, the concavity 
faces posteriorly and medially. In either case (curved or 

angled articular surface), the shape conforms almost per

fectly with the inferior articular facet of the vertebra 

above. The hyaline cartilage of the central region of the 

superior articular facet (the area of greatest concavity) 

increases in thickness with age, probably because this 
region receives much of the load during flexion of the 
spine (Taylor & Twomey, 1986) Also, the articular 
processes may fracture as a result of age-related degen
eration (Kirkaldy-WiJlis et aI., 1978). 

The orientation of the superior articular facets varies 
from one vertebral level to another (Fig. 7-3). A line 

passed across each superior articular facet, on transverse 
CT scans, shows that the L4 superior facets (anel there

fore the L3-L4 Z joints) are more sagittally oriented than 
the L5 facets. Also, the Sl superior facets (and therefore 
the L5-S 1 Z joints) are more coronally oriented than the 
L4 and L5 facets (Van SchaLk, Verbiest, & Van Scbaik, 

1985). (See Zygapophyseal Joints for further detail on 

the orientation of the superior ancl inferior articular 
facets.) 

Unique to the lumbar spine are the mamillalY 

processes (Fig. 7-1), which project posterioriy from 

the superior articular processes of lumbar vertebrae. 

Each mamillary process is a small rounded mound of 

Table 7-2 Attachments to Lumbar Transverse 
Processes 

Region 

Anterior surface 

Apex 

Superior bonier 

Inferior border 

Posterior surface 

Strucru .. es attached 

Psoas major and quadratus 11Il1lborUill 

muscles 

Anterior layer of thoracolumbar fascia 

(separates psoas major alld quadratus 

lumiJorl.lm muscles) 
Medial and lateral arcuate ligaments (lulll-

bocostal arches) (L 1) 
Middle layer of thoracolumbar fascia 

Iliolumbar liga ment (L '), occasional ly  L4) 

Lateral intertransversarii muscles 

Lateral intertransversarii Illuscles 

Deep back muscles (longissi lllus thoracis) 

Data from William, et al. (19R9). Gray's alicl/olIl), (:17th cd.). 
Edinburgh: Churchill l.ivingstone. 
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variable size. Some are almost indistinguishable, whereas 

others are relatively prominent. The mamillary processes 

serve as attachment sites for the multifidi lumborum 

muscles. 

I. ni I \ t. .. .,., II' U" t A mamillo-accessory 
ligame nt (Bogduk, 1981; Lippitt, 1984) is found between 

the mamillary and accessory process on the left and right 

sides of each lumbar vertebra. Occasionally, one or more 

of these ligaments may ossify in the lower lumbar levels 
(L3 to L5). The incidence of ossification increases in fre

quency from L3 to L5. Ossification of these ligaments at 

L5 occurs at a 10% (Bogduk, 1981) to 26% (Maigne, 

Maigne, & Guervin-Surville, 1991) frequency. Maigne 

and colleagues (1991) studied 203 lumbar spines and 

found that ossification of this ligament at L5 occurred 

twice as often on the left. They gave no reason why the 

ligament ossified more frequently on this side. However, 

they believed the ossification was the result of os

teoarthritis, since they found no evidence of ossification 

on the spines of children and young adults. These au

thors also stated that an ossified mamillo-accessory liga

ment could occasionally be seen on standard lumbar 

x-ray films. 

The mamillo-accessOlY ligament has been described as 

a tough, fibrous band that may represent tendinous 

fibers of origin of the lumbar multifidi muscles or fibers 

of insertion of the longissimus thoracis pars Jumborum 

muscle (Bogduk, 1981). Regardless of its precise struc

ture, the reported purpose of the mamillo-accessory "lig

ament" is to hold the medial branch of the dorsal ramus 

of the above spinal nerve (e.g., L2 medial branch is as

sociated with L3 mamillo-accessolY ligament) against (1) 

the bone between the base of the superior articular 

process and the base of the transverse process and (2) 
the Z joint, which is slightly more medial (see Fig. 7-4). 

As it passes deep to the mamillo-accessory ligament, the 

medial branch of the dorsal ramus gives off articular 

branches to the capsule of the Z joint. The medial 

branch then continues medial ly across the vertebral lam

ina to reach the multifidus muscle (Bogduk, 1981). 

Therefore the medial branch of the dorsal ramus (poste

rior primary division) is held w ithin a small osteofibrous 

canal along the posterior arch of a lumbar vertebra. The 

medial branch could possibly become irritated or even 

entrapped within this tunnel, which would result i n  low 

back pain. However, more investigation is necessary to 

determine if such irritation or entrapment occurs and, if 

so, its frequency (Bogduk, 1981; Maigne et aI. , 1991). 

l. I t lui I r l. • The inferior articular 

processes of lumbar vertebrae are convex anteriorly 

and laterally. They possess inferior aIticular facets that 

cover their anterolateral surface. As with the superior 

articular facets, the inferior ones vary in shape. Even 

though alticular processes vary from one vertebral level 

to another, and even from one side to another, supelior 

and inferior articulat ing processes of one Z joint con

form to one another. This conformation is such that each 

inferior articular facet usually fits remarkably well into 

the posterior and medial concavity of the adjoining su

perior articular facet. 

Zygapophyseal Joints 

n I ( 11 " c-r.1t The Z- joints have been 

identified as a source of back pain (Mooney & 

Robertson, 1976). In addition, Rauschning (1987) states 

that these joints "display typical degenerative and repar

ative changes which are known to cause osteoarthritic 

pain in peripheral synovial joints." Therefore the lumbar 

Z jOints are highly Significant clinically. Because these 

joints are discussed i n  detail in Chapter 2, this section fo

cuses on the unique and clinically significant aspects of 

the lumbar Z joints. 

The lumbar Z joints are considered to be complex 

synovial joints oriented in the vertical plane (Williams et 

aI., 1989). They are fashioned according to the shape of 

the superior and inferior articular facets (see previous 

discussion). Therefore the lumbar Z joints are concave 

posteriorly and even have been described as being bi

planer in orientation (Taylor & Twomey, 1986). That is, 

they have a coronally oriented, posterior-facing, antero
medial component and a large, sagitally oriented, medial

faCing, posterolateral component. Taylor and Twomey 

(1986) state that the lumbar Z joints are coronaUy ori

ented in children and that the large sagittal component 

develops as the individual matures. The sagittal compo

nent limits rotation, whereas the coronal component 

limits flexion. More specifically, the shape of the lumbar 

Z joints allows for a large amount of flexion to occur in 

the lumbar region, but the size of the lumbar Z joints is 

what eventually limits flexion at the end of the normal 

range of motion. Therefore the long contact surfaces be

tween the coronal component of the supelior articular 

processes and the adjacent inferior articular processes fi

nally limit flexion by "restraining the forward transla

tional component of flexion" (Taylor & Twomey, 1986). 

Even though the size of the Z joints eventually limits 

flexion, approximately 60° of flexion is able to occur in 

the entire lumbar region before the bony restraints of 

the lumbar aIticular processes prevent further move

ment. However, the size and shape of the Z joints greatly 

limit rotation. During rotation of the lumbar region, dis

traction (or gapping) occurs between adjacent lumbar 

articular facets (superior facet of vertebra below and in

ferior facet of vertebra above) on the side of rotation. 

For example, right rotation results in gapping of the 

facets on the right side. Also during rotation, the two op

posing facets of the opposite side are pressed together. 

This causes them to act as a fulcrum for the distracting 

facets on the side of rotation (Paris, 1983). 
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FIG. 7-3 Orientation of lumbar Z jOints. Notice the changes 

from Ll-2 to L5-S1 (From Taylor, JR. & Twomey, L.T. 1986. 

5jJine, J 1, 739-745) 

Extension of the lumbar region is limited by the infe

rior articular process on each side of a lumbar vertebra 

contacting the junction between the lamina and the su

perior articular process of the vertebra below. This junc

tion between the lamina and the superior articular 

process is known as the pars inte rarticularis. 

Variation of Zygapophyseal Joint Size and 

Shape. A considerable degree of variation exists be

tween individual Z jOints at different lumbar levels and 

also between the left and right Z joints at the same ver

tebral level. The shapes range from a slight and gentle 

curve, concave posteriorly, to a pronounced, dramatic, 

posteriorly concave curve, and in some cases to a joint 

in which the posterior and medial components face one 

another at an angle of nearly 90°. Generally the Z joints 

of the upper lumbar levels are more sagittally oriented 

than those of the lower lumbar leve ls (Fig. 7-3). This 

makes the lower lumbar joints more susceptible to re

current rotational strain (Kirkaldy-Wi llis et aI., 1 978). 

Biomechanical Considerations .. The articular fac

ets do not absorb any of the compressive forces of the 

spine when humans are sitting erect or standing in a 

slightly flexed posture. The IVD absorbs almost all the 

compressive loads under these conditions. However, 

when standing erect (slight extension), the facets resist 

approximately 16% of the compressive forces between 

vertebrae (Dunlop, Adams, & Hutton, 1 984). Disc de

generation may leacl to increased stress on the Z joints. 

This results in pain, not from the articular cartilage, but 

usually either from pressure on the subchondral bone of 
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the articular processes or from soft tissue being caught 

between the articular facets (Hutton, 1990). 

\rticuhtr (ap!'mlcs. An articular capsule covers the 

posterior aspect of each lumbar Z joint (F ig . 7-4). The lig

amentum flavum covers the anteromedial aspect of the 

Z joint. The articular capsule is tough, possesses a rich 

sensory innervation, and is well vascularized (Giles & 

Taylor, 1 987). The outer fibers of the articular capsule 

are horizontally directed, coursing from posterolateral to 

anteromedial (paris, 1 983). These fibers extend a con

siderable distance medially and become continuous with 

the lateral fi bers of the interspinous ligament. These 

characteristics of the capsule help l imit forward flexion 

(Paris, 1 983). Laterally, each articular capsule is fre

quently continuous with the articular carti lage lining the 

superior articular facet. A gradual transition occurs from 

the fibrous tissue of the capsule to fibrocartilage and fi

nally to the hyaline cartilage of the su perior articular 

facet (Taylor & Twomey, 1986). 

Each capsule has a rather large superior and inferior 

recess that extends away from the joint. The capsular 

fibers (or fibers of the ligamentum flavum, anteriorly) 

surrounding these recesses are vel)' thin and loose, and 

there may be openings where neurovascular bundles en

ter the recesses (Taylor & Twomey, 1 986). Paris ( 1983) 

states that effusion within the Z jOint may enter the'su

perior recess, and as little as 0.5  ml of effusion may cause 

the superior recess to enter the anteriorly located IVF. 
Once in the IVF, it may compress the exiting spinal 

nerve. Such a protrusion of the Z joint is known as a syn

ovial cyst (Xu et a\., 199 1 ) .  

X u  and colleagues ( 199 1), i n  a study o f  50 pairs of lum

bar Z joints from an elderly population, found that the 

capsules varied greatly in thickness and regularity. They 

found that they were "irregularly thickened, amorphous. 

and calcified in 22 cases." In addition, they found that in 

most subjects the synovium of the joint space extended 

1 to 2 mm outside the boundalies of the joint in one or 
more locations. These synovial extensions, which could 

be considered to be small synovial cysts, maintained 

communication with the joint space. These Z joint ex

tensions were found on both the anterior and posterior 

aspects of the joint. Anteriorly the spaces most often ex

tended along the posterior border of the ligamentum 

flavum (64% of Z joints). Sometimes a synovial jOint ex-
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tension would extend directly into the ligamentum 

flavum (8% of cases). Posteriorly the synovial cysts usu

ally extended eitber latera lly along the superior articular 

process (7% of cases) or medially along the inferior ar

ticlliar process (29%) . In 4 1 'l(, of the Z joints, extensions 

were found on both tbe inferior and the superior articu

lar processes, and in 23% of tbe Z joints, no synovial ex

tensions were found (7% of cases). Xu and coUeagues be

lieved tbat the synovial joint extensions (synovial cysts) 

were probably more common in their older population 
than in younger age groups. They stated that their find

ings may explain why Z joint arthrography (visualization 

of the Z joint after injection with radiopaque dye) could 

be successful even when the joint s pace was not entered 

with the injecting needle. 

In another study, Xu, Haughton, & Ca rrera ( 1 990) vi

sualized the synovial joint extensions (cysts) with mag

netic resonance imaging (MRl). Their positive identifica

tion of these synovial joi n t  extensions was aided with 

the injection of paramagnetic contrast medium (gadodi

amide, Winthrop Pharmaceuticals). Their imaging was 

performed on dissected spines using small surface coils , 

long acquisition times, and thin slice thicknesses . 

Therefore, clear delineation of these extensions is prob

ably still beyond the resolving capabilities of MRl scans 

obtainecl in a typical clinical setting. However, Xu and 

colleagues thought their results helped to explain the 

variable appearance of the facet joints on MRJ scans. 

TIley stated "the inhomogeneity detected at MR imaging 

and computerized tomography in the ligamentum 

tlavl.Im near the facet joint most likely represents exten

sion o f  the joint capsule between the ligamentum flavum 

and the articular processes . . .  " (Xu et aI., 1 990). This is 

certainly an area of important future investigation. 

The superior and inferior recesses are filled with fi

brofatty pads. These pads are well vascularized and a re 

linee! with a synovial membrane. They also protrude a 

significant distance into the superior and inferior aspect 

of the Z joint. Engel and Bogduk ( 1 982) state that adi

pose tissue pads probably develop f rom undifferentiated 

mesenchyme of the embryologic Z jOint. Furthermore, 

they note tbat in certain instances, mechanical stress 

to the joint may cause an adipose tissue pad to undergo 

fibrous metaplaSia, which results in the formation of a 

fibro-adipose meniscoid (an adipose tissue pad with a fi

brous tip composed of dense connective tissue). The au

thors believed that both the adipose tissue pads and the 

meniscoids "p lay some form of nomlal functional role" 

(Fig . 7-4). 
In addition, "fringes " of synovium extend from the 

capsule to the region between the articular facets. These 

fringes fill the small region where the facets do not 

completely approximate one another. 

Sometimes a fatty synovial fold develops a rather long 

fibrous tip that extends a considerable distance between 
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the joint surfaces, where it may become compressed 

(Taylor & Twomey , 1 986) . Such protruding synovial  

folds have been associated with the early stages of de

generation (Rauscl1ning, 1 987). Rauschning ( 1 987) typi

caUy found hemarthrosis and effusion into the Z joints 

when the meniscal folds of this type were torn or 

"nipped" between the jOint surfaces. 

OccaSionally , as humans age, a piece of articular carti

lage breaks from the superior or inferior articular facet . 

The piece usually breaks along the posterior aspect of 
the Z joint, paraUel to the joint space. However, the at

tachment to the articular capsule is usually maintained. 

The result is the presence of a large, fibrocartilaginous 

meniscoid inclusion within the jOint. Taylor and 

Twomey ( 986) reported that the formation of this type 
of meniscoid is partially caused by the regular pulling ac

tion on the posterior articular capsule by the multifidi 

muscles that originate from these capsules. The attach

ment of the capsule to the periphery of the articular car

tilage may then result in the cartilage tears found to mn 

paraUel with the joint surface. The torn cartilage frag

ment is capable of developing into a Z joint meniscoid , 

wllich can become interposed between the two surfaces 

of the joint. The authors also noted that the posterior as

pect of the Z joint may open when the multifidi and 

other deep back muscles relax, allowing the meniscoicls 

and other joint inclusions to become en trapped. The re

sult of this type of entrapment could possibly be 0 )  loss 
of motion (locked back), resulting from the cartilage be

ing lodged between two opposing joint surfaces, and (2) 
pain, because the meniscoids remain a ttached and there
fore might put traction on the very pain-sensitive joint 

capsule. 

Certain Z joint folds possess nociceptive fibers (Giles, 

1 988; Giles & Taylor, 1 987) . Entrapment within a Z joint 

of these innervated folds could be a primary source o f  

back pain and muscle tightness (spasm) even without 

traction of the capsule. Chapter 2 describes Z joint syn

ovial folds and other Z joint inclusions in further detail. 
The pain-sensitive articular capsule and the sy novial 

lining of the ligamentum flaVllm of each lumbar Z joint 

are normally held out of the joint by three structures. 

First, the multifidus lumborum muscles take part of their 

origin (several originate from each vertebra) from the 

posterior aspect of each a rticular capsule (Taylor & 

Twomey, 1 986) . These muscles pull the capsule out of 

the jOint's posterior aspect. Second, the ligamentum 

flavum pulls the synovium out of the join t's anterior as

pect. Third, when the joint surfaces are compressed ,  the 
Z joint synovial folds push the capsule out of the joint 

(Paris, 1 983).  If either of the two mecha nisms associated 

with the articular capsule fails to function properly, the 
result could be painful pinching of the capsule, with sub

sequent acute low back pain and muscle tightness 

(spasm). 
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Narrowing of the IVD space results in increased pres

sure on the articulating surfaces of the Z jOint. This pres

sure is further increased with extension of the lumbar 

region. Disc space narrowing also causes or increases 

the seve rity of impingement of synovial fo lds. Therefore, 

increased pressure on the subchondral bone of the ar

ticular processes amI increased impingement of articular 

tissues (soft tissue " nipped " berween the facets) may 

be two causes of back pain in patients with decreased 

height of one or more IVDs (Dunlop et a I . ,  1984). 

Aging is frequently accompanied by degenerative 

changes of the Z joints. Kirkaldy-Wi llis and coUeagues 

( 1 978) stated that such changes include inflammatory re

action of the synovial lining of the Z jO int, changes of the 

articular cartilage, loose bodies in the Z joint, and laxity 

of the joint capsule. All these result in joint instability. 

Changes of the Z joints ( left and right) of any given ver

tebral level are frequently accompanied by degenerative 

changes in the IVD of the same level. Disc degeneration 

leads to increased rotational instability of the Z joints, re

su lting in further degeneration of these structures. Such 

degenerative changes in the Z joints usually take the 

form of increased bone formation (arthrosis, spur fo rma

tion), whic h can compress the exiting spinal nerve 

(Rauschning, 1987). Much less frequently, degenerative 

change takes the form of erosion of the superior articu

lar process (Kirkaldy-Wil lis et aI . ,  1978). This can lead to 

de generative spondylOlisthesis. Fig. 7-5 shows the 

process of Z joint and disc degeneration and the interre

lation between the two. 

The articular cartilage lining and tIle lumbar Z joints 

usually become irregular with age (Taylor & Twomey, 

1986) . The cartilage of the posterior aspect of the joint 

is frequently worn thin or may be completely absent. 

The articular cartilage of the anterior aspect of the joint 

usually remains thick but may show many fissures 

(known as cartilaginous fibrillation) that extend from the 

articular surface of the cartilage deep to the attachment 

of the cartilage to the subchondral bone. These types of 

changes of the articular cartilage are often more pro

nounced at the most superior and inferior aspects of the 

joint (Taylor & Twomey, 1986). 

As mentioned, osteophytes (or bony spurs) often de

velop with age on the superior and inferior articular 

processes. Frequently this occurs a long the periphery of 

the Z joint along the attachment sites of the ligamentum 

flavllm or the articular capsule . The osteopl1ytes most of

ten develop at the attachment site of the ligamentum 

flavum on the anteromedial aspect of tbe superior artic

ular process and extend into the posterior aspect of the 

vertebral canal .  Taylor & Twomey ( 1986) fOllnd that fat

filled synovial pads developed in the region of osteo

phytes associated with the Z joints. These pads formed a 

cushion between the osteophytes and the inferior artic-

POSTERIOR JOINTS Three joint comp lex ----.. I NTERVERTEBRAL DISC 

� � 
Synov ia l  reaction Ci rcumferential tear s 

• • 
Carti lage destruction HERN IATION .--------- Radia l  tears 

• • 
Osteophyte for mation In ternal d i sruption 

• • 
Capsular laxity --------. I nstab i l ity -4-------- Loss of d isc height 

• • 
Subluxation -----� LATERAL N ERVE ENTRAPMENT ...... ---- Disc resorption 

• • 
En largement of a rticu lar  ONE-LEVEL Osteophytes at back of 

processes CENTRAL STENOSIS vertebral bodies 
(and laminae) 

Effect of recu rrent stra ins  at levels above and below 
the or ig inal  lesion 

• 
Mult i level degenerative lesions 

• 
MULTI L EVEL SPINAL STENOSIS 

FlG. 7-5. The process of Z jojJ1( a n d  d isc degeneration and the interrelation between the 

two. (From Kirkaldy-Will is W.H.  et a! .  Spine, 1 978, j. :1 1 9-32B.) 



ular process. The authors also occasionally found that a 
prominent pad had developed within the inferior recess 
of the Z joint.  This pad was found to lie between the tip 
of the inferior articular process and the lamina at the 
base of the subjacent  vertebra 's superior articular 

process. This is where the inferior articular process con
tacts the lamina during extension of the lumbar spine. 
This fat pad was often found to become thickened and 
sclerotic with age, probably i n  response to the mechan
ical stimulation of the inferior articular process. 

Laminae 

The laminae in the lu mbar region are broad and thick 
but do not completely overlap one another. Therefore, 
in contrast to the thoracic region, a distinct space exists 
between the laminae of adjacent lumbar vertebrae in a 

dried preparation. This space allows for relatively easy 
access to the spinal subarachnoid space and is used in 
many diagnostic and therapeutic procedures. 

Each lumbar lamina can be d ivided into superior and 
inferior portions. The superior part is curved and 
smooth on i ts inner surface, whereas the i nferior part 
has a rough inner surface for attachment of the ligamen
tum flavum.  Also, the i nfelior part of the lamina forms a 
buttress for the inferior articular process (Van Schaik et 
al . , 1 985). 

The region of the lumbar lamina located between the 
superior and inferior articular processes is known as the 
pars interarticularis. This region can be fractured quite 
easily, a condition known as spondylolysis. As previously 
mentioned, at the levels of L4 and L5 loads are probably 
transferred from the vertebral bodies to the pars interar
ticularis by means of the pedicles. As the trabeculae in 
the L4 and L5 pedicles pass posteriorly, they are most 

highly concentrated where they extend into the pars in
terarticularis. Since trabeculae develop a long the great
est lines of stress, the trabecular arrangement leading to 
the pars interarticularis of the L4 and L5 pedicles has 
been used to explain the frequency of spondylolysis at 
these levels. 

As a result of spondylolysis, the vertebral body, pedi
cles, transverse processes, and superior articular pro
cesses can displace anteriorly. This anterior displace
ment is known as spondylolisthesis. Spondylolysis and 

spondylolisthesis are most common at L 5 .  However, 
they may occur at any lumbar level . Standard x-ray films 
and CT remain the imaging modalities of choice for vi
sualizing spondylolysis. However, parasagittal MRl does 
help to reveal a defect of the pars, which appears as a de
crease in Signal intensity perpend icular to the plane of 

the articular facets on these images (Grenier et aI. , 
1 989a). 

Degenerative spondylolisthesis is a condition in which 

the superior articu lar processes undergo erosion with 
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age rather than the usual i ncrease in bone formation that 
frequently occurs i n  these processes with age . This ero
sion results in the vertebrae above (usually L4) moving 
anteriorly, bringing its posterior arch with it.  The conse
quence is spinal canal stenosis with possible compro
mise of the cauda equina (Kirkaldy-Willis et a I . ,  1 978). 

Most frequently, L4 moves anteriorly on L5 ,  a nd the in
ferior articular processes of L4 entrap the L5 and S I  
nerve roots against the posterior aspect of the vertebral 
body of L5 (Dommisse & Louw, 1 990). 

Lumbar Vertebral Foramen and Vertebral 
Canal 

(. c: i ( .( n l I I I I  The vertebral foram ina in 
the lumbar region are generally triangular in  shape, al
though they are somewhat more rounded in the upper 
lumbar vertebrae and more triangular, or trefOil ,  in the 
lower lumbar vertebrae. The triangular shape of the ver
tebral foramina of the m iddle and lower lumbar verte
brae is reminiscent of the shape of these openings in the 
cervical region; however, the lumbar foramina are 
smaller than those of the cervical region .  On the other 
hand, the lumbar vertebral foramina are larger and more 
triangular than the rounded foramina of the thoracic re
gion. 

The size of the lumbar vertebral canal ranges from 1 2  
to 20 mm i n  its anteroposterior dimension at the mid
sagittal plane and 18 to 27 mm in its transverse diameter. 
Stenosis has been defined as a narrowing belmv the 
lowest value of the range of normal (Dommisse & Louw, 
1 990). Because of the clinical significance of the verte
bral canal, Table 7-3 has been included as a ready source 
of the dimensions of this region. 

The vertebral foramen of L l  contains the conus 

medullaris, which ends at the level of the L l  IVD. The re

mainder of the lumbar portion of the vertebral canal 
(Figs. 7-6 and 7-7) contains the cauda equina. The cauda 
equina is bathed in the cerebrospinal fluid of the sub
arachnoid space. The subarachnoid space in the lumbar 

Table 7-3 D imensions of the Lumbar Vertebral 
Foramina (Vertebral Canal), 

Dimension Size (range)t 

Anteroposterior (in midsagittal plane) 

Transverse (interpedicular distance) 

1 2-20 m m  

1 8-27 mm 

'Dimensions below t h e  lowest v a l u e  indicate s p i n a l  (vertebral) canal 

stenosis (Dommisse & Louw, 1 990). A typical vertebral foramen is  
rather triangular (trefoil) in shape. However, the upper lumba r  verte

bral foramina are more rounded than the lower l u mbar foramina.  Ll is 

the most rounded, and each succeeding lumbar vertebra becomes in

LTeasingly triangular, with L5 the most dramatically trefo i l  of a l l .  

t Dimensions o f  l umbar vertebral foramina a r e  usually smaller [han 

those of t he cervical region but larger than those of the thoracic re

gion. 
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Nerve roots with i n  
subarachno id 

space of lumbar 
cistern 

LS·S 1 in tervertebral  
d isc 

Epidural  adipose 
tissue 

Spinous  pro cess 

Basivertebral  v ,  

F i lum terminale 
externum 

FIG. 7-6 Midsagittal pl�ne MRI scan of the lumbar region, 

Pedicle 

Vertebra l  canal 

FIG. 7-7 Horizontal  CT images c1igitalJy reformatted by computer to obtain this "curved 

coronal plane" image of the l u mbar vertebral canal. 

vertebral canal is q!l ite large compared with that in the 

cervical, and t horacic regions. Because of its size, the 

subarach noid space below the level of the Ll vertebral 

foram e n  is known as the lumbar cistern . Also within the 

lumbar vertebral canal are the meninges:  pia mater, at

tached to rootlets; arachnoid; ami dura mater, which 

surrounds the arach noid and to which the arac h noid 

is closely app l ied . In Jekl ition, adipose tissue ,  vessels, 

and nerves are located within the epidural space of 

the vertebral canal .  Clinicians who specialize in diag

nostic imaging frequently use the term thecal sac when 

collectively referring to tl1e d ura mater, arac hnoid, and 

su baradUloid space within the vertebral canal. This term 

is not restricted to the lumbar region of the spine and is 

llsed when referring to these struc tures i n  the cervical 

and thoracic regions as well. 



()ural AttachmcnLo; Within (he \ ert ·br.d Canal. 

The dura mater of the lumbar spine has a series of 

attachments to neighboring vertebrae and l iga ments.  

These attach ments are found at each segme ntal level and 

are usuaUy fo und in thL' region of the ND (Rauschning, 

1 987) They have been referred to as the dural at tach

ment complex (J)upuis,  1 988), or Hoffman ligamenrs 

( Dupuis, 1 988; Rauschning, ( 987). A centrally placed set 

of connective tissue bands attaches the anterior aspect 

of the dura mater to the posterior aspect of the lumbar 

vertebra l bodies and the posterior longitudinal ligament.  

This set of bands has been referred to as m idline 

Hoffm:.tn liga ments (Dupuis,  1 988). A second set at

taches the anterior and lateral aspects of the dura to the 

lateral, flared extension of the posterior longitudinal lig

ament, which b attached to the IVD (Fig. 7-8).  These 

banus have been called the Iater:.tl H offmann ligaments 

(Dupuis, 1 988). A third set of connective tissue bands at

taches the exit ing dural. root sleeves with the inferior 

peclicles of the IVFs . These are known as the latera l  root 

ligaments (see Lumbar In tervertebral Foramina a nd the 

erve Root Canals). 

Stim l i lation of the an terior aspect of the lumbar spinal 

d ura mater has been found to resul t  in pain fel t  i n  the 

midl ine, radiating into t he low back and superior aspect 

of the buttock (Edgar & Ghadially , 1976). TIl is pattern of 

referra l is  also seen i n  irritation of the posterior longitu

dinal ligament (see Ligaments of the Lu m bar Region) . 

Posterior 
lon�itud inal 

ligament 

.,::,.,,:-\\--- Dural root 
sleeve 
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"pinal Canal Stenosis. N arrowing of the vertebral 

canal (spina l  canal) is most often known as spinal  canal 

stenosis. Many variations of this cond it ion exist in the 

lumbar region, several of which are discussed next. The 

possible' patll010gic condition that can result  from spinal 

canal stenosis and that is com mon to all the varia tions is 

compression of one or more of the ne rves that run 

through the vertebral cana l .  Such compression can lead 

to pa in and dysfu nction, probably caused by ische mia of 

the entrapped nerves (Lancourt et a ! . ,  1 979). Lumbar 

spinal canal stenosis affects the nerves of the calida 

equina or the dorsal ancl ventra l  roots as they leave the 

vertebral canal and e nter IYFs. 

SubdiviSions of spinal stenosis include latera l  recess 

stenosis and foram i nal  ( intervertebral fora mi nal) steno

sis. The exiting nerve roots travel tlu'ough the more nar

row, lateral aspect of the vertebral cana l ,  knO\vn as the 

lateral recess, before entering the IVF. As the root:; pass 

t h rough this region o f  the vertebral canal ,  pressure may 

be p laced on the m .  Thi s  i s  known as lateral recess ste no

sis.  Another type of stenosis i nc ludes narrowing of tbe 

fVF. This condition is known as foraminal  stenosis. 

Causes. Sp ina l canal stenosis may be congenital i n  

nature (Arnoldi e t  aI . ,  1 976). Tbat is, some people are 

born with a " tigh t tube , "  and their vertebral canal re

mains narrow throughout their lives. Spinal cana l steno

sis can a lso be tbe result of degenerative changes. 

: t  

Lateral dural 
(Hoffmann) 
l igament 

Posterior 
...:.::----- Iong itudinal 

Posterior 
lon� itudinal  

ligament Lateral root 
l igament 

l igament 

Cut lateral dural 
(Hoffmann) 

l igament 

Posterior view 

FIG. 7-8 Attachmenr� of the dura mater to surro unding structures. (Modified from Dupuis, 

P R  The ,lI1ammy of the lumbosacral spine. In W. Kirkadly-WiJJis  ( Ed.), Managing IoU! back 
paitl (2nd ed.) .  New York: Churc h i l l  LivingslOne . 1 988.) 

Midl ine dura l  
(Hoffmann) 
l igament 

'9Y 
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Common causes of degenerative spinal canal stenosis in

clude arthrosis (increased bone formation) of the medial 

aspect of the Z joint, especially of the superior articular 

process. Also, thickening (hypertrophy) of the l igamen

tum flavl.lm can be a degenerative cause of spinal canal 

stenosis (Arnoldi et a I . ,  1 976; Liyang et a I. , 1 989). 
Other causes of spinal canal stenosis incl ude spondy

lol isthesis, Paget 's  disease, fluorosis, degenerative 

changes following trauma (Kirkaldy-Willis et a I . ,  1 978) , 
and iatrogenic (physician-induced) causes. The latter cat

egol)' includes complication after laminectomy, spinal 

fusion, and c hemonucleolysis (Arnoldi et  a I . ,  1 976). The 

box below l ists possible causes of spinal stenosis. 

POSSIHI.E C,\(JSES OF SPINAL 
(VERl1mRAI.)  CANAl. STE:'IolOS IS 

Congenital 

Degenerative 

Facet art hrosis 

Ligamentum tlavum th ickening (hypertrophy) 

following trauma 

Spondylolisthesis 

Paget's dbease 

Fl uorosis 

Jat rogt:nic 

After laminectomy. spinal fusion. or chemonucJe

olysis 

Any of above causes in conjunction wirh intervertebral 

disc protrusion 

Any combination of congenital and degenerative 

causes of spinaJ canal stenosis may be present at one 

time. In addition, a herniated or bulging IVD can in

crease the severity of signs and symptoms in a p atient 

who h as this condition . Arnoldi ancl colJeagues ( 1 976), 
who developed a classification system for this condition, 

have included IVD protrusion in their system of nomen

clature for spinal canal stenosis (e.g. , congenital stenosis 

with IVn herniation, degenerative stenosis with IVD her

n iation). The contents of the lumbar vertebral canal are 

more frequently atfected by disc protrusions than the 

contents of the cervical and thoracic regions of the ver

tebral canal (Clarke et a I . ,  1 985).  
Also important in the development of signs and symp

toms of spinal canal stenosis is the ratio between the size 

of the neural elements within the lumba r  vertebral canal 

(the cauda equina) and the dimensions of the vertebral 

canal (Liyang et  a I . ,  1 989) A person with relatively nar

row vertebral foramina may be free of symptoms if 

the size of the roots making up the cauda equina and 

the surround ing meni nges are proportionately sma l l .  

However, if t h e  vertebral canal is narrow (either con
genitally or secondary to pathologic cond itions or  de-

generation) and the roots making up the cauda equina 

are of normal size, signs and symptoms of spinal stenosis 

can result .  One result of a normal-sized caucia equina 

within a narrow vertebral canaJ is a condition known as 

redundant nerve roots. 

Redundant nerve roots_ Redundant nerve roots 
refers to roots of the cauda equina that bend, curve fre

quently (undu late within the vertebral cana l) ,  or buckle 

during their course through the cauda equina. The buck

ling can be quite severe, blocking the tlow of radiopaque 

dye on myelogra phy. The roots in some cases appear to 

form dramatic loops (red undancies) when viewed dur

ing spinal slu'gel)' (Tsuji et a I . ,  1 985). The redundancies 

usua l ly occur rather h igh in the lumbar vertebral canal . 
Degenerative spinal stenosis is thought to be the usual 
cause of this condition. 

Redundant nerve roots once were considered a rare 

occurrence, but they may occur more frequently than 

previously expected . Tsuji and colleagues ( 1 985) fo und 

thiS condition in 45% of a series of 1 1 7 consecutive ca

davers without a recorded h istory of low back or leg 
pa in .  They also found that " 22 of 56 patients (39%) had 

obvious redundant nerve roots, which ind icates that this 

condition is a rather common abnormality in degenera

tive spinal stenosis. " 

Tsuj i and colleagues (1 985) presented a hypothesis 

of the progression of redundant nel-ve roots, which is 

summarized in the box below. Their hypothesis began 

with the finding that the vertebral column decreases in 

superior-to-inferior length with age (an average of 1 4  

0101). Shortening o f  t h e  vertebral canal would force the 

roots of the cauda equina to become somewhat redun
dant, causing them to fill the subarachnOid space (thecal 

space) more completely. Posterior spondylosis (osteo

p hytes) from the vertebral bodies or other constrictions 

within the vertebral canal, could then more easily rub 

against the roots during movement. (Their study sh owed 

DE\'H1.OI',\IENT (»' lU iD ll N J >.\.l\" r NF.R\'I\ ROUrS ' I 
M,n Till! C();'I;SEQl/l�"+iCI\S 

_ � J 
Vertebral column decreased in Ienglh wilh age 

J,. 
Redundant nerve roots 

J,. 
SpondyloSiS results in friction neuritis 

J,. 
Increased root size 

J,. 
Nerve root ischemia 

J,. 
Cauda cquina c1audicarion 



that considerable movement of the roots probably oc
curs duri ng flexion-extension excursions of the spine.) 

The pressure fro m spondylosis (or other compressive el

ements) over many years could result in a fri ction neuri

tis. The friction neuritis was thought to result in the large 

redundant roots seel l  in several specimens. During walk

ing and standing (extension), increased pressure i s  

placed o n  the nerve roots (Fig. 7-9), which would cause 

ischemia of the neural elements. N erve root ischemia 

would resu lt in the signs and symptoms of interm ittent 

claudication (pain and weakness in the lower extremi
ties during standing and walking), which are frequently 

associated with spinal stenosis and redundant nerve 

roots. An average conduction velocity of 50% below nor

mal values was found in cauda equina roots of i nd ividu

als with redundant nerve roots. Tsuji and colleagues 

be lieved such neurologic changes were probably per

manent. 

Ischemia during stenosis. As mentioned previ

ously, stenosis of the vertebral canal has been implicated 

as a possible cause of ischemia to the roots of the cauda 
equina (Dommisse & Louw, 1 990; Lancourt, Glenn, & 

Wiltse, 1 979; Tsuji et a I . ,  1 985). This ischemia probably 

occurs in tile roots' "vulnerable region" of vascularity. 

The roots that form the cauda equina receive their blood 

supply (vasa nervorum) d istally from radicular a rteries 

and also proximally from the cruciate anastomosis sur
ro unding the conus medulla ris (see Chapter 3). The 

proximal and distal vessels form an anastomosis at ap

proximately the junction of the proximal and middle 

thirds of the cauda equina roots. This has been called the 

"critical zone" of vascularity a nd represents a region 

where the roots are Vlli nerable to compression 

(Dommisse & Louw, 1 990). Compression in this region 

would result in neural ischemia causing the symptoms 

and signs I Isually associated with spinal stenosis (see the 

following discussion). 

Symptoms. The symptoms of spinal canal stenosis 

usually include pain rad iating from the lumbar region 

into the lower extremities, occas ionally inferior to the 
knee. The symptoms are usually posture depe ndent and 

are made worse by stand ing or walking for variable peri

ods of time. Flexion of the lumbar region usually relieves 

the pain.  

Liyang and colleagues (1 989) found that the volume of 

the dural sac (subarach noid space), as stud ied in 10 ca
davers, increased by 3 . 5  to 6 .0 ml during excursion from 

full extension to full flexion. These changes were found 
to he highly Significant (P < 0.(0 1 ) .  The sagittal dia me

ter of the dura l  sac (subarachnoid space), as measured 

from myelograms of the cadaveric spines, was also found 

to increase significantly d uring flexion; the greatest in

crease occurred at the level of L5. Also, the length of the 
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lumbar vertebral (spinal) canal was fo und to increase by 
an average of 19 .4 m m  d uring flexion. This helps to ex

plain clinical findings that flexion generally relieves the 

symptoms of spinal canal stenosis (Fig. 7-9). 

Since extension of the lumbar region is accompanied 

by broadening of the cauda equina, slackening of the lig

amenta flava, bulging of the IVDs i nto the vertebral 

(spinal) canal, and na rrowing of the IVF, one can un

derstand how extension of the lumbar region can in

crease the symptoms of spinal canal stenosis (Fig. 7-9). 

Therefore , therapeutic i nterventions that i ncrease flex
ion and reduce extension are ind icated in patients with 
this condition (Liyang et a I . ,  1 989). Such interventions 

include exercises that increase tone of abdominal mlls

cles , weight reduction if ind icated. and acljustive (ma

nipu lative) procedures that promote flexion (Bergmann, 

Peterson, & Lawrence, 1 993;  Cassidy & Kirkaldy-Wil l is ,  

1988; Cox, 1990; Kirk & Lawre nce. 1 985).  If stenosis 

is severe, positive effects from manipu lation may be 

more difficult to achieve. " Nevertheless, it can be help

ful in some patients and is worth a try in the early 
management of this syndrome" (Cassicly & Kirkaldy

W illis, 1 988). Several authors have reported positive re

suits from wearing a brace to keep the lumbar spine in 
flexion . Liyang and colleagues ( 1 989) suggested that 

spinal stenosis be treated by surgical decompression 

Extensio n 

Dura mater surrounding 
lumbar arachno id  mater and 
lumbar subarachno id  cistern 

Flexio n  

FIG_ 7-9 Changes that occur within the lumbar venebral 

canal during tlexion and extension.  Notice that the lumbar cis

tern enlarges during flexion and decreases in volume during 

extension.  The lumbar verrel)ral canal has also been found [0 

increase in length by almost 2 cm during tlexion . 
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(laminectomy) of the spinal (vertebral) canal, followed 

by fixation of the spine in flexion. Interestingly, Kikuchi 

and colleagues (1 984) found that infiltration of a single 

nerve root with loca l anesthetic usually extinguished the 

symptoms of cauda equina claudication secondary to 

spinal stenosis. This would seem to be contrary to the 

widely held belief that neurogenic claudication is the re

sult of compression of the entire cauda equina. 

Spinous Process 

The spinous processes of l lUnbar vertebrae are broad 

from superior to inferior, narrow from side to side, and 

project directly posteriorly. They are, more or less, flat 

and rectangular in shape. Their posteroinferior ridge is 

thickened for the attachment of ligaments and mllscles .  

The lumbar spinous processes have been found to un

dergo morphologic changes after age 40, reaching the 

highest incidence of change in persons over 60 
(Scapinelli, 1 989). The most common change is the ad

dition of bone along the posterior aspect of the spinolls 

p rocesses, which may increase their anteroposterior 

length by as much as 1 cm or more. The greatest in

crease in length is usually at L3.  Frequently the ad ded 

bone presents a sharp, spurlike margin, usually on the 

posterosuperior aspect of the spinous process. A smaller 

increase in the supetior-to-inferior dimension usually oc

curs simultaneously with the anteroposterior change. 

Occasionally the spinous processes touch one another in 

the neutral position. This is known as " kissing spines, "  

o r  Bastrup's  syndrome. 

These changes are created by replacement of l iga

mentous tissue of the supraspinous and interspinous lig
aments and the related fibrous tissue below L3 with fi

brocartilage and eventually bone. Scapil1elli (1 989) be
lieves these changes are associated with decreased 

movement as one ages, an increased Imnbar lordosis, 

and traction from ligaments and tenelons of muscles. The 

greatest increase in bone is in individuals with degen

erative changes of the vertebral bodies and Z joints 

(degenerative spondyloarthrosis), especially those with 

diffuse idiopathic skeletal hyperostosis (D ISH, or 

Forestier's disease). With the exception of DISH, the 

changes are believed to increase the lever arm of the 

erector spinae muscles, helping with the maintenance 

of an erect posture (Scapinelli , 1 989) . 
Table 7-4 lists those structures that normally attach to 

the lumbar spinous processes. 

Lumbar Intervertebral Foramina and Nerve 
Root Canals 

(Jeneral Lonsidcrations. The bony and ligamentous 

canals referred to as the intervertebral foramina (sing. , 
foramen) have been described in Chapter 2. However, 

several features of the lumbar IVFs are unique. In addi

tion,  these regions have been the subject of extensive 

descriptive and clinical investigation. The relationship 

between the lumbosacral nerve roots and their sur

rounding tisslles is important in the proper di"agnosis of 

low back pain and pain radiating into the lower extrem

ity (Hasue et a I . ,  1983). This section therefore focuses on 

the unique aspects of the anatomy of the lumbar IVFs, 

the pertinent conclusions of previous and current stud

ies of the IVF, and the clinical relevance of this fascinat

ing area. 

Many features of the region of the lumbar IVFs are dif

ferent from those of the rest of the spine because of the 

unique characteristics of the l umbar and sacral spinal 

nerves (Fig. 7- 10).  Because the spinal cord enels at ap

prox imately tbe IVD of L l ,  the lumbar and sacral dorsal 

and ventral roots must descend, sometimes for a consid

erable distance, within the subarachnoid space of the 

lumbar vertebral canal .  This region of subarachnoid 

space is known as the lumbar cistern. The exiting nerves 

(dorsal and ventral rootlets or roots) leave the lumbar 

cistern by entering a s leeve of dura mater. This usually 

occurs slightly inferior to the level of the TVD at the level 

above the IVF that the roots will eventually occupy. For 

example, the L4 roots enter their dural sleeve just be

neath the L3-4 disc and then course inferiorly and later

ally to exit the L4-5 IVF . More specifically, on leaving the 

subarachnoid space of the lumbar cistern, the exiting 

dorsal anel ventral roots pass at an obliql1e inferior anel 

lateral angle while retai ning a rather substantial anel very 

distinct covering of dura mater. This covering, known as 

the dl1ral root sleeve, surrounels the neural elements and 

their accompanying radicular arteries and veins until 

they leave the confines of the IVF (see Fig. 2- 1 3) .  

Frequently the dorsal and ventral rootlets that arise from 

the spinal corel do not a1l unite to form dorsal and 

ventral roots lmtil they are well within the elural root 

sleeve (Dupuis, 1 988; Rauschning, 1 987) In adelition, 

the dorsal and ventral roots combine to form the mixed 

spinal nerve while within the distal aspect of the funnel

shaped dural root sleeve. This latter union occurs at 

the level of the IVF . The exiting mixed spinal nerve has 

been found to be larger than the combined size of the 

Tab le 7-4 Atta 'hmenls to Lumbar Spinous 

Processes 

Type Stnlcnlres attached 

Ligaments Thoracolu mbar fascia (posterior lamella) 

Supraspinous and interspinous 

Muscles Deep back muscles (spinalis thoracis, multifiuus, 

i nterspinalis) 

Data from Williams e t  "I. ( 1 <)89). Gray's (fIll/lolll), (.'17th eel .) .  

Edinhurgh: Churchi l l  Livingstone. 
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Conus medul lar is  

Filum terminale 
internum 

Dura mater and 
arachnoid mater 

Epidural  adipose 
tissue 

dJ�o-r-=�:7-t------- Exit ing nerve roots 

Gen i tofemoral n .  

Femoral n .  

Lateral femora l 
cutaneous n .  

Obturator n .  

F i lum term ina le 
externum 

Sciatic n. 

Sacrospinous 
l igament 

Sacrotuberous 
l igament 

FIG . '· 10 M i<bagittal view of the spine showing nerve roots traversing the lumbar vertebral 

canal, exiting the intervertebral foramina,  and forming the lumbar sacral plexuses. 
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individual dorsal and ventral roots (dePeretti et a I . ,  
1 989). O n  reaching the lateral edge o f  t h e  IVF, t h e  dura l  

root sleeve becomes continuous with t h e  epineurium of 
the mixed spinal nerve. 

Many authors (Bose & Balasubramaniam, 1 984; Lee, 
Rauschning, & Glenn, 1 988; Rauschning, 1 987; Vital et 
a I . ,  1 983) have described the region beginning at the 
exit of the neural elements from the lumbar subarach
noid cistern and continuing to the lateral edge of the IVF 
as having significant clinical importance. Perhaps be
cause of the clinical significance of this region, several 

terms have been used to describe it, including lumbar 
radicular canal (Vital et a I . ,  1 983), nerve root cana l ,  or 
simply root canal (Rauschning, 1 987) (Fig. 7-1 1 ). The 
term nerve root canal (NRC) is used in the fol lowing 
paragraphs when discussing the course of the d ural root 
sleeve and its contents, and the term lVF is used to de-

scribe the terminal part of the N RC that lies between 
the pedicles of two adjacent vertebrae. 

Within the dural root sleeve an interneural complex of 
fibrous connections (DupuiS , 1 988) anchors the neural 

elements (rootlets and roots) to the su rrounding dura 
mater of the NRC. More specifically, these connections 
course from the dura and inner arachnoid of the sleeve 
to the pia surrounding the rootlets and roots. Recall that 
farther l aterally the root sleeve unites with the mixed 
spinal nerve to form its epineurium. 

Connective Tissue Attaduu<.'nts of th(.' Dura to 
the Borders of the Intervertebral Foramina. The 

external surface of the dural root sleeve is usua lly at

tached by one or more connective tissue bands to the in
ferior pedicle of the IVF (see Fig. 7-8). This connective 
tissue a ttaclunen t  is called the lateral root ligament 

FIG_ 7- 1 1  A through C, Regions of the intervertehral fora

men (IVF) as described by variolls authors. A, The nerve root 

canal (NRC) as the course of the d ural  root sleeve and its CO(]

tents 0JelloLU and red regions combined). Other terms lIsed 

when referring to this general region are lumbar radicular 

canal (VitaJ et aI . ,  1 9R3) and root canal (Rausc h n i ng, J 987). 

The fYF is shown in red as  the terminal part of the NRC. lo

cated between the pedicles of two adjacent vertebrae. This 

also represents the classic anatomic description of the l VF. 

B, Regions of the NRC (lumbar rad icular canal) as desClibed by 

Vital  and colieagues ( 1 983). Notice the retrodiscal portion in  

blue.  This  is the portion of the NRC that  l ies  posterior to the in

tel·vertebral disc (lVO) superior to rhe level that the spinal 

nerve eventually exits.  The parapedicular portion of the NRC 

(rveen) is the region medial to the ped icle. Vital and col l eagues 

( 1 983) refer to the region occupied hy the u n i ting dorsal and 

ventral roots and the exiting mixed spinal nerve as the fYF 
proper (red). Tahle 7-8 describes the borders of the relwdis

cal , parapedicular, and IVF proper subd ivisions of the NRC 

C, Divisions of the NRC (root canal) as described by 

Rauschning ( 1 987) and by Lee and coUeagues ( 1 988). The en

trance zone (pink) is the region that begins as the dorsal and 

ventral roots enter the dural root sleeve and extends through 

the lateral recess. Other authors lise lateral recess, lateral canal, 

subarticular gutter, or lateral nerve canal when referring to the 

entrance zone. The middle zone, or redick' zone,  (blue) is the 

region of the NRC located between the two adjacent ped icles 

which make up an fYF. This area was descrihed above (A and 

B) as the fYF proper (Vital et a I . ,  1 98.1).  The term exit zone, or 

foramen proper, is used hy Rausch ning ( 1 987), and Lee and 

coUeagues ( 1 988) to refer to the almost two-dimensional open

ing (" doorway") formed by a parasagittal plane passed a long 

the lateral edge of the two pedicles that help to form an [VF. 
The exit zone is shown in red in C. 



(Dupuis, 1988). It l imits the medial and upward mobility 
of the root sleeve and its contents (Rauschning, 1 987) . 
Fibrous connections from the lateral aspect of the TVF to 
the exiting spinal nerve have also been identified 
(dePeretti et a I . ,  1 989; Hasue et a I . ,  1 983). These fibrous 
attachments have been found to give considerable resis
tance to traction of the anterior primary divisions. 
Therefore, they serve to spare the lumbar roots from 
traction injuries. The dural root sleeve also provides re
sistance to traction. In fact, the dural root sleeve rup
tures before avulsion of the rootlets from the conus 
medllllaris occurs. These resistive forces, when com
bined with the fact that the rootlets and roots forming 
the spinal nerves are of excess length within the dura 
mater, indicates that the IVF seems to provide an almost 
insurmountable protective barrier to traction forces 
placed on the exiting spinal nerves (dePeretti et aI . ,  
1989). 

I I I) I • I I 1 U nfortu-
nately, the exiting neural elements are not as well pro
tected from pressure injuries as they are from traction in
j uries. Compression, or entrapment, of neural elements 
as they pass through the NRC or the TVF is of extreme 
clinical importance (Lancourt et a I . ,  1979). Also, because 
treatment may d iffer depending on the calise of entrap
ment, a detailed understanding of this region is essential. 
The clinician should attempt to localize a lesion as pre
cisely as poss ible to determine the structure causing the 
problem and also to identify the specific neural elements 
being affected (Rauschning, 1 987) . These neural ele
ments include the dorsal and ventral roots and their 
union as the mL'{ed spinal nerve. Callses of sllch com
pression include degenerative changes of the superior 
articular facets and posterior vertebral bodies, IVD pro
trusion, and pressure from the superior pedicle of the 
TVF (Hasue et a i ,  1 983; McNab,  1 97 1 ;  Vital et a I . ,  1 983) 
(see Chapter 1 1 ) .  

OccaSionally, osteophytes from the Z joints and verte
bral bodies can become so large that they can almost 
completely divide the IVF into two smaller foramina,  
one on top of the other (Kirkaldy-Willis et a I . ,  1 978) . 
Such changes may result in entrapment of the exiting 
spinal nerve. Because of the clinical importance of the 
NRCs and the IVFs, a more accurate anatomic descrip
tion is necessall'-

110 II . The sizes of 
the NRCs vary considerably from the upper to lower 
lumbar segments. They are smaller in length at the level 
of L1 and L2 because, after exiting the lumbar cistern, 
the L1 and L2 nerves course almost d irectly laterally to 
reach the TVF. This led Crock ( 1 98 1 )  to state that the 
concept of a nerve root canal at L1 and L2 is useless, 
since the beginning of the dural root sleeve l ies against 
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the inferior and medial aspect of the fVF's  upper pedicle. 
Therefore, no true d ural "canal" exists for these nerve 
roots. 

Table 7-5 gives the obliquities and lengths of the lum
bar NRCs. The NRCs become progressively longer from 
Ll  to S I  as the dural root sleeves exit at a more obl ique 

inferior angle. Therefore the NRCs of L5 and SI are the 
longest in the lumbar region and the most susceptible 
to damage from pathologic conditions of surrounding 

Table 7-5 Obliquity ami Length of the Lumbar 
erve Root Canals 

Level ObUquity' Lengtht Length" 

Ll 70° NYG AN 

L2 SOO NVG AN 

L3 60° NYG NYG 

L4 60° 6 .7  m m  25 mm 

L5 45°  7.S m m  3 0  mm 

5 1  30° S.O mm 3 5  mm 

NVG, N o  value given ;  AN, almost nonexistent 

"According to Bose and Balasubraman iam ( 1 9R4); obJiquity given in de

grees from a sagittal plane (low values, much inferior obliquity). 

tAccording to Vital et at. (I  983). 

Cauda equ ina 
with i n  lumbar 

... ------- subarachnoid 
cistern 

Dura mater 

Posterior primary 
divis ion 
(dorsal ramus) 

Anterior primary 
d ivision 
(ventral ramus) 

nG- 7- 1 1 , com 'd. D, Lateral view of tl1e lumbar Ms. The 

specific dimensions of the l umbar IVFs are given in Chaprer 2 

(see Tables 2-3 and 2-4). COl/tinued. 

o 



E 

196 CHAH ACTERISTiCS OF THE S P I N E  AND S P I NAL CORD 

Ventrc1 1 and dorsal 
nerve roots with i l ' 

durol  rool oleeve 

F 

;'.ecu' . 
� il i n<;ler:; r 

Ped icle 

Vertebral body 

I n tervertebral 
foramen 

Superior 
vertebral notch 

I n tervertebral 
d i sc 

Epidural ad ipose 
---J�=-':--:::----:, ..... �""'-r ti ssue 

Intervertebral v. 

Sp ina l  branch 
of lumbar 
segmental a. 

Tronsforominal 
l igament 

Superior art icular 
process 

Z io int  

I n ferior vertebral 
notch 

I n ferior articular 
process 

FIG. 7· 1 1 , cont'd. E, Lateral view of two Ms. The structures that normally traverse this re

gion have been drawn in the more superior IV!'. The most common locations of the trans· 

forami nal lig<l me nts are a lso shown traversing this IVF. F, Parasagittal section through the 

fou rt h  l umbar IVY A typical lumbar M is sometimes described as being shaped l i ke an " i n 
verted teardrop" o r  an " inverted pear" when viewed from t h e  side. (E :10(\ F courtesy The 

Nationa l College of Chiropractic .) 

structures (Crock, 1 9 8 1 ) _  Tables 7-6 and 7·7 describe the 

re lationships of the L5 and S l  NRCs, respectively. Many, 

it  not most, of the types of borders described in Tab le 

7-6 for the L5 N RC also apply to the L3 and L4 N RCs 

as well .  

All the exiting rootlets or roots course over an IVD ei

ther j ust before entering their dural  root sleeve (L l and 

L2) or, in the case of L3-S 1 ,  directly in the region where 

they enter the dural root sleeve. However, only the S l  

dural root sleeve (and contents) passes completely over 
an IVD (the 1.5 elisc). The Sl NRC passes through a mov-

able, narrow opening between the L5 disc anteriorly and 

the L5-S1 .I igamentum flavum posteriorly. Therefore the 

S 1 nerve is exposed to possible compression both ante

riorly (disc protmsion) and posteriorly (ligamentum 

f1avum bulging or buckl ing, hypertrophy of superior ar

ticular process of sacrum) in this region (Rausch ning ,  

1987) . 

Anomalies of the Neural Element .. and the Dural 

Root Sleeves. An omal ies of the rootlets as they come 

off of the spinal cord are common . Such anomalies oc-



Table 7-6 Relationships of the L5 Nerve Root 

Canal 

Surface 

Origin 

Medial surface 

Lateral surface 

Anterior surface" 

Posterior surfacet 

Other rel ati onships 

Relationship 

L4-5 IVD (sometimes does not begin 

this far superiorly , in  which case be

gins at L5 vertebral body) 

Lateral aspect of SI NRC 

Medial aspect of pedicle of L5, then en

ters L5 IVF 
Posterior aspect of L5 vertebral body 

LS-S l Z joint and overlying liga mentum 

flavllm 

Surrounded by epidural adipose tissue, 

and small arteries, veins, anel lym

phatics (very small) 

Data partly from rlcl';C, K & Balasubramaniam, P ( 1 984). Spine, 9, 
1 6- 18. 

'Just distal to origin.  

tPosterior relati onships vary considerably depending on length of the 

nerve roots ,Hld orienration of the L 5  lamina, which changes with a 

change in the angle berween L'5 and the sacrum (Crock, 1981) .  

Table 7-7 Relationships of the S I Nerve Root 

Canal 

Surface Relationship 

Origin Medial aspect of L5 pedicle 

Medial surface Lateral aspect of dural sac 

Lateral surface L5 nerve root, then L5-S 1 IVF , then S 1 

ped icle , then enters S 1  IVF 
Anterior surface Posterior aspect of L5 vertebral body, 

then LS IVD, then posterior aspect 

of the S I  vertebral body 

Posterior surface" Bony ridge of anterior aspect of L5 

lamina (formed by the attachment of 

Ligamentum flavLlm),  then ligamen

tum flavum, then anteromedial as

pect of S1 supeLior anicular process 

Other relationships Surrounded by epidural adipose tissue, 

and small arteries, veins, and lym
phatiCS (very small) 

Data from Crock, H.V. ( 1 98 1 ). j Bone Joint Surg. 63, 487490; '.Illd 

Vital, .INI et a l .  ( 1 983) A nat Clin, 5, 1 4 1 - 1 5 1 .  

'Posterior re lationships VJI)' considerably depending on length of the 

ne(Ve roots and oricntarion of the L5 lamina, whjch changes with a 

change in the angle between L5 anel the sacrum (Crock. 198J) .  

cur much more often with the dorsal rootlets than the 

ventral rootlets (Kikuchi et a I . ,  1984). The anomalies 
take the form of rootlets of one spinal cord segment 
passing to the root of the nerve below or above . Such 

anomalies could conceivably result i n  the perception of 

radicular symptoms d ifferent from the normal der

matomal pattern . 

Anomalies of the roots making up the cauda equina 

while within the lumbar cistern are also quite common . 
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These usually consist of nerve bund les fro m one root 

passing to a neighboring root. The clinical impl ications 
of this type of anomaly are the same as those just d is
cussed for anomalolls rootlets. 

Congenital anomalies associated with the dw-al root 

sleeves also occur with some frequency. Hasue and col

leagues ( 1 983) found anomalies in 5 of the 59 cad avers 

(8 .5%) in their study. Several types of anomal ies h ave 
been identified (Bogduk & Twomey, 199 1 ;  Hasue et al . , 

1 983;  Kikuchi et aI . , 1984; Neidre & MacNab,  1 983) (Fig. 
7- 1 2).  The first type is known as conjoined nerve roots 
and is the most common type of dural sleeve anomaly 

(Fig. 7-1 2, C). With this anomaly, roots of adjace nt spinal 

cord segments share the same d u ral root sleeve for a 

short distance. The roots then separate into their own 

dural root sleeve and exit the appropriate IVF. Con

joined nerve roots cause one of the roots (or both) to 

take a rather tortuous course, poss ibly making it more 

susceptible to traction across a bulging disc or a narrow 

NRC. 

The second type of root sleeve anomaly is the most 

dramatic.  The dorsal a n d  ventral roots of two distinct 

spinal cord levels, within their appropriate root sleeves, 

exit the same IVF, leav i ng the adjacent IVF devoid of ex

iting roots (Fig. 7- 1 2 , B). In a variation of this anomaly, 

an additional dorsal and ventral roo� and their covering 

d ural root sleeve pass through the same fVF with the 

neural and dural structures that normally pass through 

the IVF. In this instance, a l l  of the IVFs have roots with

in them, and one TVF has two pairs of roots passing 
through it  (Fig. 7- 1 2 , D). The nerves within an TVF con

taining more than one set of roots in these types of 

anomalies are more susceptible to entrapment .  

Entrapment of two sets of roots within one TVF might 

lead to radicular symptoms of more than one dermatome 

(see Chapters 9 and 1 1) .  
I n  the third type of dural  root sleeve anomaly, a com

municating branch, surrounded by its own dural  sheath, 

passes from one NRC to i ts neighbor before either pri
mary root exits its IVF. The result of this anomaly could 

be similar to that of roots sending connecting branches 

to neighboring roots, causing dispersion of rad icular 

symptoms to include an adjacent segment (e .g . ,  L5 com

pression may result in some pain or paresthesia being 

felt in  the L4 dermatome). However, because it runs 

within its own dural root sleeve, the neural elements 

within the "bridging sleeve" are more vulnerable to com

pression either inside a lateral recess or as they pass 

behind an IVD. This type of anomaly can also occur in 

conjunction with the valiation of the second type of 
anomaly previously mentioned.  In this case a communi

cating branch is found between t\vo dural root sleeves as 

they both exit the same TVF (Fig. 7-1 2 , D) . 
Anomalies of the nerve roots and the dural  sleeves can 

be a sole cause of rad icular symptoms. They can also 
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1'1(.. 7 12 Posterior view of the vertebral canal showing 

anomalies of dural root sleeves. The dural root sleeve, A, is 

normal. Notice that i t  is exiting the upper region of the 

IVF. The anomaly, E, shows the roots of two distinct spinal 

cord levels, wirhin their appropriate root sleeves, exiting the 

same rvf . This leaves an adjacent rVF devoid of exiting 

roots. The anomaly, C, shows conjoined nerve roots. In this 

case the roots of adjacent spinal cord segments share the 

same dural root sleeve for a short d istance. The roots then 

separate into their own dural root sleeve and exit the appro· 

priate IVF . Conjoined nerve roots cause one of the roots (or 

both) to take a rather tortuous course. The anomaly, D, is a 

variation of E. Anomaly D shows an additional dorsal and ven· 

tral root, and their covering dural root sleeve, passing through 

the same fVF w ith the neural and dural stnlctures that normally 

pass through that fVF . Therefore al l  the fVFs on the right side 

of the i l lustration have roots within them, and one fVF has two 

pairs of roots passing through it. Also notice another type of 

anomaly is shown in D. A communicating branch, surrounded 

by its own dural sheath is seen passing from one dural sleeve 

to its neighbor, before either exits the fVF. All these types of 

anomal ies (E, C, D) can have sign ificant cli nical implications 

(see text). (Modified from Bogduk, N .  & Twomey, L.T. Clinical 
anatomy of the lumbar spine. London: ChU(chill Livingstone, 

199 1 .) 

augment radicular symptoms from other causes (Hasue 
et aI . ,  1 983). Even though the incidence of symptoms as 
a result of such NRC anomalies is thought to be rare ,they 
should be kept in mind when patients have unusual dis
tribution patterns of radicular symptoms (Bogduk & 

Twomey, 1 99 1 )  

T("rmi nulu ') \ssodalt:d \\ i lh t h " t: 

I 1 I n I III '( 1l' ) "11 .( t I I I . Termi-
nology with regard to the exiting roots can be rather 
confusing. Some authors (Vital et a t . ,  1 983) describe the 
beginning of the NRC (that portion posterior to the IVD 
directly above the level of the IVF of exit) as the retrodis
cal portion of the NRC (see Fig. 7-1 1 ,  B). As the nerve 
continues to descend more laterally in what is described 
by many as the lateral recess, the nerve lies medial to the 
pedicle that forms the upper border of the IVF , which 
the nerve roots eventually exit. This region is sometimes 
called the parapedicular portion of the NRC (Vital et a I . ,  
1 983).  The portion of the 1VF occupied by the uniting 
dorsal and ventral roots and the exiting mixed spinal 
nerve is referred to as the 1VF proper. Table 7-8 de

scribes the borders of the retrodiscal, parapedicular, ancl 
1VF proper subdivisions of the NRC. This table is in
cl uded to help clarify the regions where the nerve roots 
and mixed nerve are most vulnerable to various types of 
pathologic conditions. 

Moving from the upper lumbar region to the lower 
lumbar region, the parapedicular portion (lateral recess) 
of the NRC widens in the transverse plane (i.e . ,  left to 
right), becomes shorter from top to bottom, and be-

Table 7-8 Relationships of the Various Regions of 
the S 1 Nerve Root Canal 

Region and 
surface Relationships 

Retrodisca1 Region 
Anterior 

Posterior 

IVD' 

Superior alticular process', l igamentum tlavwn-

Parapedicular region (lateral recess) 
Anterior 

Posterior 

Lateral 

Medial 

IVF Proper 
Superior 

Anterior 

Inferior 

Posterior 

Posterior surface of vertebral body 

Ligamentum f1avum·, superior articular process'" 
pars interanicularis (isthmus)" 

Medial surface of pedicle 

Dura of lumbar cistern 

Lower margin of upper pedicle 

Upper and lower vertebral bodies, IVD in be

tween them" 

Upper ma.rgin of lower pedicle 

Z joint and liga mentum flavum' 

"Indicates relationships that are of key clinical  importance.  



comes narrower from anterior to posterior (average of 
1 2 0101 at L2 and 8 mm at L5) (Vital et a I . ,  1 983). There
fore this part of the NRC becomes more like a true lat
eral recess, or gutter, as one descends the lumbar spine. 

The position of the entire lumbar region affects the 
NRC and the neural elements (Vital et ai . , 1 983). The an
teroposterior dimension of the retrodiscal space nar
rows in the upright posture. This is because of slight 
posterior bulging of the lVD and slight anterior buckling 
of the ligamentum flavum.  During flexion of the lumbar 
region, the neural elements become stretched and 
pressed against the anterior wa l ls of the retrodiscal and 
the parapc:dicular spaces. Also, the IVF proper increases 
in height ,md width d uring flexion .  Extension of the lum
bar region results in slackening of the neural elements. 
They also move against the posterior wa ll of the lateral 
recess during extension. In addition, the IVF becomes 
Significantly shorter from superior to inferior and ante
rior to posterior during extension (Mayoux-Benhamoll et 
aI . ,  1 989). 

A different set of terms was put forth by Rallschning 
( 1 987) and by Lee and colleagues ( 1 988) (Fig. 7- 1 1 ,  C). 
These authors used the term entrance zone when refer
ring to the region that begins as the roots enter the dural 
root sleeve and continues through the lateral recess. 
Other authors use the terms lateral recess, lateral ca nal, 

subarticular gutter, or lateral nerve canal when refer
ring to this region (Rauschning, 1 987) . This area cor
responds to the combination of the retrodiscal and para
pedicular regions previously described . The most com
mon cause of stenosis in the entrance zone is 
hypertrophic ostcoarthritis of the Z joint, usually of the 
superior articular facct. Other causes include congenital 
variations of the Z joints or a congenitally short pedicle . 
Also, a bulging anulus fibrosus (e .g. , L3 anulus com
pressing the L4 nerve) or an osteophythic spur from 
the superior vertebral end plate coursing along the anu
Ius, could compress the neural elements in the entrance 
zone. 

Rauschning (1 987) and Lee and colleagues (1 988) use 
the term I'nid zone or pedicle zone when referring to the 
region of the NRC located between the two adjacent 
pedicles that make up an IVF (Fig. 7- 1 1 , C). This area 
was described previously as the IVF proper (Vital et ai . ,  
1 983) (Fig. 7-1 1 ,  A). The ciorsal root (spinal) ganglion 
and the ventral root are located within this region and 
can be compressed here. Because of its large size, the 
dorsal root gangl ion is more susceptible to m inor com
pression than the ventral root. Osteophyte formation 
along the l igamentum tlavum (anterior to the pars inter
articularis) and hypertrophy of fibrous tissue along a 

fracture of the pars interarticularis was cited by Lee and 
colleagues (1 988) as being the most common causes of 
stenosis in the middle zone. Lee and colleagues ( 1988) 
also believed that, because the middle zone is difficult to 
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evaluate with diagnostic imaging procedures, c linicians 
may overlook stenosis of this region. The authors stated 
that neural entrapment of the middle zone may result in 
symptoms of activity-related , intermittent, neurogenic 
claudication .  They also noted that some patients 
progress until they experience constant pain anel climin

ished sensation even during times of rest. These unpro
voked resting symptoms may be caused by spontaneous 
action potentials ariSing from compressed or entrapped 
ganglioniC ceUs (Lee et a i . ,  1 988). 

The term exit :zone, or foramen proper, was used 
by Rauschning (1987) and Lee and colleagues ( 1 988) to 
refer to the almost two-dimensional opening ("door
way") formed by a parasagittal plane passed along the 
lateral edge of the two pedicles that help to form an 
IVF (Fig. 7-1 1 ,  C). The most common causes of stenosis 
in this region are " hypertrophic osteoarthritic changes 
of the facet joints (Z joints) with subluxation and osteo
phytic ridge formation along the superior margin of the 
disc" (Lee et ai . ,  1 988). 

Clinical Conditions Related to the Nerve Root 

Canals. Resorption of the IVD (particularly a t  the L5-S 1 
level) causes narrowing of the rVF at the same level (L5-
S I  IVF in this case) and also narrowing of the NRC of the 

nerve exiting at the fVF below (the SI NRC in this case). 
Crock ( 1 98 1 )  stated that the remaining anulus fibrosus of 

the d isc may bulge posteriorly, bringing the posterior 
longitudinal ligament along with it. The superior articu
lar facet of the segment below (S l )  moves superiorly and 
anteriorly, again compressing the NRC (S 1 ) .  The com bi
nation of posterior anulus bulge along with anterior dis
p lacement of the supelior articular facet of the vertebra 
below can result in dramatic narrowing of the NRC that 
runs between these two structures (Rauschning, 1 987) . 
Osteophyte (bony spur) formation is fairly common, 
both from the vertebral body along the attachment of 
the anulus fibrosus and from the superior articular 
process along the attachment of the ligamentum fiavum.  
These spurs can further compress the  neural and vascu
lar elements of the NRC (Rauschning, 1 987). In addition, 
a bony ridge may develop along the anterior and inferior 
surface of the lamina. This can compress the more me
dial NRC (that of the nerve exiting at the IVF of the level 
below, S 1 in this instance) and also the lateral and distal 
aspect of the NRC of the nerve exiting at  the same level 
(in this case, L5). 

The L5 NRC is related to both the L4-5 (at its origin) 
and the L5-S 1 (at i ts exit) fVOs. Therefore, with sus
pected entrapment of the L5 nerve, a d ifferentiation be
tween compression from L4 or L5 disc protrusion 
(bulge) or from another structure along the L5 NRC must 
be made (Bose & Balasubramaniam, 1 984). 

Congenital hypertrophy of the L5-S 1 articular facets 
may cause localized obstruction of the L5-S 1 IVF . 
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Osteoarthritis of the L5-S1 facets may cause the same 
condition,  but usually such arthritis tends to cause ob
struction more medially, affecting the descending S l  
NRC (Crock ,  1 98 1) .  

Intervertebral Foramina Proper. \Vhen viewed 
from the side, the lumbar IVFs face laterally. A typical 
lumbar IVF is sometimes described as being shaped like 
an inverted teardrop or an inverted pear (Fig. 7-1 3) .  The 
specific dimensions of the lumbar IVFs are given in 
Chapter 2 (see Tables 2-3 and 2-4). 

The spinal nerve is located in the upper third of each 
lumbar IVF. As it enters the IVF, the spinal nen'e is very 
close to the medial and inferior aspect of the superior 
pedicle that forms the upper boundary of the IVF 

(Crock, 1 98 1 ). Here the nerve is accompanied by a 
branch (or sometimes branches) of the lumbar segmen
tal artery, the superior segmental (pedicle) veins, which 
connect the external and internal vertebral venous 
plexuses, and by the sinuvertebral nerve (Rauschniog, 
1 987). The spinal nerve occupies approximately one 

third of the IVF in the lumbar region. This allows for 
crowding by the articular facets during extension (Bose 
& Balasubramaniam, 1 984; Rauschning, 1 987). The infe
rior aspect of the IVF is uSllally narrowed to a slit by the 
anulus fibroslls, which normally bulges slightly posteri
orly. The infelior aspect of the TVF is also narrowed 
by the posteriorly located ligamentum flavum. The infe
rior segmental (discal) veins usually l ie in this narrow 

FIG. 7- 1 .� Par3sagittal plane MRI scan of the lumbar region. 

Note the prominent intervertebral foramina. 

space. As with the superior segment,l! (pedicle) veins, 
the inferior veins also unite the internal (epidlJfaJ) verte
bral venous plexus with the external vertebral venous 
plexus and the ascending lumbar vein .  

The lateral borders of the lVFs are covered with an 
incomplete layer of transforaminal fascia. This fascia 
condenses in several locations at each IVF to form the 
accessory ligaments of the IVF (see Chapter 2). An ex
iting mixed spinal nerve could be affected by these 
structures as it leaves the IVF (Bachop & Janse, 1983;  
Bachop & Ro,  1 984; Bakkum & Mestan, 1994; Bose & 

Balasubramaniam, 1 984; Rauschning, 1 987). In addition 
to compression by accessory ligaments or transforaminal 
fascia, Rauschning (1 987) states that lateral disc hernia
tions and bony structures such as the TPs (usually of L5, 
but at higher lumbar levels on rare occasions) " may com
press, kink, or constrict the lumbar nerves beyond the 
foraminal outlet. n The author calls this region the ex
traforaminal region or the postcanal zone. 

Also , the lateral borders of the L1 through L4 rVFs are 

associated with the origin of the psoas major muscle. I n  

fact, because of  the posterior origin of the psoas major 
muscle from the front of the TPs and its anterior origin 
from the lumbar vertebral bodies and rVDs, the psoas 
major almost completely surrounds the lateral opening 
of the first four lumbar IVFs. Therefore the anterior pri
mary divisions (ventral rami), by neceSSity, run through 
the substance of the psoas major muscle, frequently unit
ing with neigh boring ventral rami within the muscle to 

Infer ior 
rticu lar 



form the branches of the lumbar plexus. In addition to 

the protection given by the dural root sleeve and the 

Hoffman ligaments (see Fig. 7-8), the psoas major muscle 

may provide some protection for the dorsal and ventral 

roots during traction of the peripheral nerves of the lum

bar plexus (dePeretti et aI. , 1989). Such traction may oc

cur as a result of hyperflexion or hyperextension of the 

lower extremi ty. 

The boundaries of the fVF can be imaged well with 

both .\1RJ and CT (Cramer et aI., 1 994) (Figs. 7-13 

and 7- 1 4). Occasionally, ossification of the superior 

attachment of the ligamentum f1avum results in forami
nal spurs, which can be seen on CT. These spurs are 

considered to be normal variants; may project well into 

Vertebral body 

Intervertebral d isc 
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the fVF, posterior to the dorsal root ganglion; are fre

quently bilateral; and are usually asymptomatic (Helms & 

Sims, 1986). 

Many of the pathologic conditions previolIsly de

scribed as affecting the NRC can also diminish the di

mensions of the fVF proper. In addition, reca l l  that the 

IVD forms a part of the anterior border of the fVF. 

Because of thiS, a decrease in disc height also results in 

a decrease of the vertical dimension of the fVF (Crock, 

1981). Investigation into the normal size of the lumbar 

fVFs as they appear on MRl scans is being performed 

(Cramer et aI. , 1992b). However, comparisons need to 

be made between normal fVF size and IVF size in pa

tients with pathologic cond itions of this region. 

Pedicle 

Intervertebral 
foramen 

Inferior articu lar 
process 

Superior articular 
process 

FIG. 7- 1 4 Digitally reformatted parasagittal plane CT image showing the region of the 

Z joints and IVFs. 
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LS Nerve Root Canal and L5 Intervertebral 

Foramina. The anatomy of the L5 NRC is unjque, and 

because of this the L 5 roots and nerve are susceptible to 

compression in many d ifferent locations. This canal is 

longer and runs at  a m o re oblique antelior angIe than the 

rest of the l umbar N RCs. Also, the lateral recess of the L5 
vertebra is the deepest lateral ly  and often the narrowest 

from anterior to posterior of the entire spine. Th is nar

row lateral recess may lead to compression of the L5 
nerve in some instances (Rauschning, 1 987). Hasue and 

colleagues ( 1 983) found histologic evidence of com

pression (intra neural fibrosis) of the L5 d orsal root .  

Compression occu rred between the superior articular 

process of S 1 and the posterior aspect of the vertebral 

body of L5 (Hasue et a \ . ,  1 983). 
After leaving the latera l recess, the L5 roots and their 

dural root sleeve contin u e  along tbe L5 NRC by wrap

ping arouml the posterior and lateral aspect of the L5 
vertebral body. The roots continue around the postero

lateral aspect of the L5 IVD and unite ro form the m ixed 

spinal nerve. The L5 nerve, which is the largest of the 

l u mbar nerves, exits the lateral border of the L5 NRC 

(the IVF proper), which is the smallest IVF of the lum

bar spine (Cramer et a I . ,  1 992b; O lsewski et a I . ,  1 99 1) .  
This makes t h e  L 5 nerve particularly susceptible t o  com

pression with i n  its IVF. 
The anterior primal)' d ivision (APD) of L5 is given off 

at the most lateral aspect of the IVF and then passes 

along a depression on the front of the sacral ala .  The 

APD is frequently boundecl anterosuperiorly in th is re

gion by the corporotransverse ligament (Bachop & 

.l a nse, 1 983 ;  Bachop & Ro, 1 984 ; Rauschning, 1 987). The 

corporotransverse l igament runs from the vertebral body 

and IVI) of L 5 to the TP of L5 . Olsewski and colleagues 

( 1 99 1 )  a nd Nathan, Weizenbluth, & Halperin ( 1 982) re

port that the inferior band of the i l iolumbar l igament, 

known as the I.umbosacral ligament (LSL), usuaJJy runs 

from the vertebral body and TP of L5 to the ala of the 

sacrum (see Fig. 7-1 9) .  Th e descriptions of the corporo

transverse ligament by Bachop and .lanse ( 1 983) and 

Bachop and Ro ( 1 984) are consistent with what Nathan 

and colleagues consider to be the fi bers of origjn of the 

LSL. Th is indicates that the fibers of origin of the LSL are 

much more substantial than those fibers found more lat

era l ly ,  and that frequently a d istinct tough, fibrous band , 

the corporotransverse l igament, is formed in this region. 

After passing beneath the corportranverse l igament 

and the LSL, the APD of L5 continues inferiorly (Bachop 

& .Janse, 1 983;  Bachop & Ro, 1 984; Nathan et a I . ,  1982;  
O lsewski et a I . ,  199 1 ). Therefore the corporotransverse 

ligament of Hachop and the LSL significantly extend the 

osteol igamentolls canal of the L5 NRC, and the most in

ferior aspect of the LSL forms the anterior and i nferior 

boundalY of the 1.5 osteoligamentous cana l .  N a t han and 

colleagues ( 1 982) state t hat the gray communicating 

ramus from the sympathetic chain to the API) of L 5 
pierces the LSI.. Previous stud ies had shown that, 

throughout the spine,  osteophytes from vertebral bodies 

frequently exert pressure on the sympathetic trunk, rami 

communicantes, and spinal nerves. This was found to be 

particularly true with the neural elements of L5 (Nathan 

et a I . ,  1 982). Finally, just inferior to the LSL, a branch of 

the APD of L4 joins the A PD of L5 to form the lum

bosacral tn.ll1k. 

The u nique characteristics of the L5-51 N RC, rVF 
proper, and the lateral osteoligamentous canal of the L5 
APD make the L5 nerve " extremely vulnerable to com

pression by any of the structures form ing the tunnel. A 

tight LSL, osteophytes on the border of the L5-S 1 d isc or 

a combination of the two may impinge on the nerve and 

compress i t  against the ala of the sacrum "  (Nathan et a I . ,  

1 982). Olsewski and colleagues ( 1 991) reported that the 

APD of L5 was observed to be comp ressed by the LSI .  in 

1 1 '% of the 1 02 cadaveric specimens they studied by 

gross d issectiOIl. Histologic evidence of compression 

(perineurial and endoneurial fibrosis, peripheral thin

ning of myel in sheaths, and sh ift to a smaller fiber diam

eter) was shown in 3'Y., of specimens studied. Osteo

phytes extending posterolaterally from both the inferior 

surface of the L5 body and the upper border of the body 

of the sacrum were found to narrow the L5 osteoliga

mentous canal fwther in 1 of 59 spines (2%) studied by 

Olsewskj and colleagues. This was found to contribute 

to compression of the APD of L5. Nathan and colleagues 

( 1 982) found such osteophytes " freq uently" and also 

noted that the L5 nerve was "velY often" entrapped or 

compressed to some degree by osteophytes or the LSL 

while passing through the osteoligamentous tunnel. 

Compression of the L5 APD by the corporotransverse 

ligament or the L"L could resu l t  in pain along the L5 der

matome (lateral aspect of the leg d istally to the great toe 

[Floman & M irovsky, 1 990]) and possible loss of motor 

function of the muscles primarily in nervated by the L5 
APD (extensor haUucis longus muscle). Referred pain 

may be e xperienced in the l umbar region (see Chap

ter 1 1),  although this has not been documented . 

Myelography, discography, standard CT scans, and trans

verse plane MRI scans would a l l  be negative (Olsewski et 

a I . ,  1 991) .  Far lateral parasagittal MRI scans (farther lat

eral than standard MRI protocols) may sl10w the rela

tionship between the L5 nerve and the corporotrans

verse ligament and the LSL (Nowicki & Haughton, 1 992). 
Perhaps far la teral parasagittal MRl would be a useful di

agnostic procedure for patients exhibiting L5 der

matomal and motor symptoms and signs when other 

imaging modalities do not reveal a possible calise of 

entrapment (see Fig. 2-2 1) .  Furtller investiga tion i n  this 

region is warranted. In the meantime, " in the patient 

presenting with L5 root signs, if  the myelogram, 

d iscogram ,  and CT scan do not reveal any defect, then 



tbe possi bility of extraforaminal compression must be 
considered as a possible source of tbe clinical signs" 

(Olsewski et aI . ,  1 99 1 ) .  

Because o f  the unique anatomy o f  th is region, several 

distinct conditions, besides those already described, can 

affect tbe LS nerve roots, tbe L5 mixed spinal nerve, or 

the APO of LS . For example, because the neural ele

ments of L5 are related to tbe LS IVD for a relatively long 

distance, far lateral LS ND protmsion (lateral to tbe IVF) 

may affect the LS mb::ed spinal nerve or the APO of L S .  

Another example o f  t h e  unique vulnerabil ity o f  t h e  LS 

neura l  elements is spondylolisthesis fol lowing spondy

lolysis (Fig. 7- 1 S ). This condition may result in compres

sion of the LS nerve at any point along its course from 

behind the LS disc to the nerve's lateral relation with the 

corpol"Otransverse l iga ment and the L5 TP , both of 

which lie above the nerve (Bachop & janse, 1 98 3 ;  

Bachop & R o ,  1 984; Rauschning, 1 987). 
A 20% or greater anterior sh ift of a spondylolisthetic 

LS vertebra may resul t  in compression of the APD of LS 
between the TP of L5 and the sacral ala (Wiltse et a I . ,  

1 984) Such compression i s  usually unilateral but may 

occasionally be bilateral . Also, both asymmetric degen
eration of the L5 fVO ami degenerative lumbar scoliosis 

result  in lateral ti lting and rotation of LS. As with spondy

lolisthesis, tbis can a lso result in compression of the LS 

nerve between the TP of L5 and the sacral ala. Such far 

lateral compressions of the L5 nerve have been called 

the far-o ut syndrome (\Viltse e t  aI . , 1 984) of Wi ltse 

(Dommisse & Louw, 1 990) . Wiltse and col leagues ( 1 984) 
stated that the lateral entrapment caused by either de

generative scoliosis or asymmeuic disc degeneration 

was probably most com mon in elderly  patients, whereas 

lateral entrapment as a result of spondylolisthesis was 

found most frequently in a somewhat younger group of 

adult  patients. The authors a lso stated that far latera l en

trapment occasionally could occur at levels higher than 
l5 and may be accompanied by the radiographic find

ings of marked scoliosis with closely approximated TPs 

of two adjacent vertebrae. CT was found to be the imag

ing modality of choice to view the region of entrapment. 

A "wide winclow" setting for the CT scan was necessary 

to view the laterally placed TPs. CT images reformatted 
in tile coronal plane were particularly useful in evaluat

ing the relationship between the LS TPs and the sacral 

ala (Wiltse et a I . ,  1 984) 

Nathan and col leagues ( 1 982) found tbat branches of 
tile iliolumbar artery and relatively large veins always ac

companied tbe APD of LS beneath the LSL. Using exam

ples of neuralgias and pareses of cranial nerves caused 

by compression of these nerves by adjacent arteries, 

they hypothesized that likewise the APD of LS could be

come entrapped with in its os[eoligamentous tunnel by 

branches of the iliolumbar artery anel accompanying 

veins. This would be particularly feasible when the APD 
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of LS was a lready partial ly compressed within a na rrow 
tunnel or by osteophytes extending posterolaterally 

from the inferior border of the L,) body. 

UNIQUE ASPECTS OF THE LUMBAR 
VERTEBRAE 
Fifth Lumbar Vertebra 

The L5 vertebra, its relationship with the sacru m ,  and 

the soft tissue elements in between are some of the most 
clinically relevant anatomic structures of the spine. Pain 

in this region is extremely common (Cramer et aI , 

1 992a), and therefore an accurate working knowledge 
of the LS-S 1 region is essential for those treating patients 

with low back and leg pain . The anatomy of this region 

is subject to much variation . Nathan and colleagues 

( 1 982) stated that "such skeleta l variations are accompa

nied by c hanges and adjustments of the related soft tis

sues , including the nerves and vessels . "  Therefore, clini

cal ly relevant variations frequently accompany the nor

mal anatomy of this region. 
The LS vertebral boely is the largest of the entire spine. 

It  is  tal ler anteriorly than posteriorly, which contributes 

to the increase in the lower l umbar lordosiS (the lower 

lumbar lordosis is frequently called the lumbosacral an

gie). The spinous process of LS is the smallest of all those 
of the lu mbar vertebrae. It projects in feriorly, and its 

posterior aspect is more rounded in appearance than the 

rest of the lumbar spinous processes. The TPs of L5 are 

much wi der from anterior to posterior and from slIpe
rior to inferior than those of the rest of the l u mbar spine. 

They originate from the entire lateral aspect of the pedi
c1es, and their origin continues posteriorly to the adja

cent lamina. However, the TPs do not extend as far lat

erally as other lu mbar TPs (see Transverse Processes). 
The lateral aspect of the TPs of LS also angle slightly SLl

periorly, wi th the angulation beginning at about the m id

point of each of tIle two ( left and right) processes. 

"ipo l(1� July-oi ... and "ipOIld) lohsthcsis. Spondylol
ysis is a defect of the lamina (Fig. 7- 1 5) between the su

perior and inferior articular  processes. Tbis region is 

known as tbe pars interarticulatis. Controversy exists as 

to whether this defect is most frequently caused by 

trauma or if it is hereditary. Causes of pars (isthmic) de

fects include lytic or stress fra ctures of the pars in terar

ticularis (probably the most common cause), elongated 
but intact pars (not spondylolysis), and acute fracture of 

the pars (Day, 1 991) .  Bilateral spondylolysis may result 

i n  forward slippage of [hat portion of the verte bra lo

cated anterior to the laminar defect (vertebral body, 

pedicles, TPs, superior articular processes). This leaves 

the inferior articular processes, a portion of the lam inae, 

and the spinous process behind. Such forward displace

ment is known as spondylolisthesis and is found in 5% of 
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Pars 
i n terarticu laris 

FI( ,. 7- 1 5  A, Posterior view of a typical llimbar vertebra. B, Bilateral fracture of the pars in

terarricli la ris (spondylolYSis) and a separation (spondylol isthesis) of  the region anterior to the 

pars intcrarricliJaris from the remaincler of the posterior arc h .  

lumbar spines (Williams et ai . ,  1 9H9) (Fig. 7- 1 5) .  Other 
GUises of spondylol isthesis include ( 1 )  improper forma
tion of the posterior vertebral arch, known as the dys
plastic type of spondylo l isthesis; (2) degeneration and 
subsequent erosion of the superior articular process; 
(3) fracture of part of the posterior arch other than 
the pars interarticularis (e . g . ,  pedicle fracture); and 
(4) pathologic cond itions of the bone forming the pos

terior arch (e . g . ,  Paget 's  disease). 

Spondylolisthesis is graded by the degree to which the 
affected vertebral body is anteriorly displaced in relation 
to the vertebral (or sacral) body located immediately in

ferior to it .  For example, a 25% spondylolisthesis repre
sents fOlwa rd displacement of a vertebral body (mea
sured at the posterior and inferior border of the velte
bral body) by one quarter of the length of the vertebral 
body (or sacral body) directly inferior to it. Spondy
lolisthesis can also be graded on a scale of 1 to 4, with 

each grade rep resenting an additional 25 '){, of anterior 
slippage. A grade 4 describes a vertebral body that has 
been d isplaced completely off of the vertebra (or usu
ally, the sacrum) directly beneath i t .  

Spondylolisthesis has  been impl icated as  a cause of 
spinal canal stenosis at the level of the pars interarticu
laris defect.  However, Liyang anel col l eagues ( 1 989) re
ported an increase in vertebral canal dimensions at the 
level of spondylolisthesis in one cadaveric spi ne, which 

was incl uded in their study of 10 normal spines. 
Spondylol isthesis at L5 may also result in entrapment of 
the L 5  nerve as it  passes laterally, in front of the pars in
terarticularis , to exit the L5 IVF. The entrapment is 
caused by the portion of tbe pars located above the frac

ture s ite. This is the part of the pars that is displaced 

an teriorly with the vertebral body a nd pediclcs By mov
ing anteriorly, it can compress tile L 5 nerve (Kirkaldy

Wil l is ,  1 97H) . 

Although most common at L5 , spondylolisthesis is also 
seen with some frequency at L4 and may be seen at any 
level of the lumbar spine. Of somewh:lt related interest, 
the pars i nterarticularis can occasionally enlarge as a re
sult of degeneration. This is Significant a t  the level of L5 
because i t  can leael to en trapment of the S I nerve as i t  
courses along the lateral aspect of the vertebral canal 
(lateral recess). 

Lumbosacral Articulation 

The lumbosacral articu lation is actual ly  composed of sev
eral articulations between L5 and the sacrum.  It consists 
of two components the j oining, by the fi fth I YD ,  of the 

inferior aspect of the L5 body with the body of the S I  
segment; and the j oints between the left and right infe
rior articular processes of L5 ami the superior articul:tr 
processes of the sacrum. These latter joints are 1I0t 
nea rly as cu rved as are the Z joints of the rest of the lum
bar spine. The plane of articulation of the lumbosacral Z 
joints is subject to much variation , ranging 20° to 90° [() 
the sagittal plane (average of 40° to 6()0) Frequently, 
asymmetry, known as tropism, exists between the left 
and right L5-S 1 Z j oints. Lippitt ( 1 984) reporteel that tro
pism may be a cause of premature degeneration and 

pain, but the clinical signil1cance of tropism remains a 
matter of controversy. 

The L5-S 1 ND is typically narrower than the NDs of 

the rest of the lumbar spine (Nicholson, Roberts, & 
Will iams, 1 988). This may contribute to the IVF at this 



level being smal ler than those of the rest of the lumbar 
spine. Recall that the spinal nerve a t  this level is the 
largest lumbar spinal nerve. Therefore, more than one 
third of the L5-S 1 JVF is composed of the mixed spinal 
nerve. Even though the IVD and IVF are smaller in this 
region, the L5-S 1 articulation is by far the most movable 

of all the lumbar joints (5° of unUateral rotation,  3° of 
lateral bending, 1 0° of flexion, 1 0° of extension). These 
factors, a long with the others discussed in the previous 
section devoted to the L5 N RC, make the L5 roots and 
mixed spinal nerve vulnerable to compression as they 
traverse the L5 N RC. 

The intraarticular space of the left ancl right lum
bosacral Z joints is lIsually wider than those of the re
ma inder of the lumbar spine. A recess normaUy exists 
along the inferomedial edge of the lumbosacral Z joints. 
This recess has been shown to be filled with a large in

traarticular synovial fold.  This fold is primarily composed 
of adipose tissue. Another intraarticular synovial protru
sion usually projects into the superomedial aspect of the 
L5-S 1 Z joint (Gi les & Taylor, 1 987) These synovial folcls 
are susceptible to entrapment between the apposing L5-
S 1 articular facets and are a likely source of low back 
pain and subsequent muscle tightness. Gentle, well-con

trolled spinal manipulation to open the facets, to allow 
an entrapped synovial fold to be pulled out of the joint 

by its attachment to the joint capsule,  has been sug
gested as the treatment of choice for this condition 
(Giles & Taylor, 1 987). 

A transitional segment between the lumbar spine and 
the saCrtlm is found in 5% of the population (Nicholson 
et aI . ,  1 988). This takes the form of ei ther a lumbariza
tion of the SI segment or, more frequently, a sacraliza
tion of the L5 vertebra. Sacralization refers to elongation 
of the TPs of L5 with varying degrees of fusion or artic

ulation with either the sacral ala or the iliac crest. The 
union between L5 ancl the sacrum may be bilatera l ,  but 
usually it  is only unUateral. The L5-S 1 lYD in cases of 
sacra lization is normally significantly thinner than that of 
typical L5-S 1 segments (Nicholson et aI . ,  1 988) . It is also 
usua l ly devoid of nuclear material ,  and therefore usually 
does not undergo pathologic change or degeneration to 
the degree seen in discs above the sacralized segment 
(Nicholson et aI . ,  1 988). 

UGAMENTS AND INTERVERTEBRAL DISCS 
OF THE LUMBAR REGION 

Most of the ligaments associated with the lumbar region 
have been discussed in previous chapters. The articu
lar capsules of the Z joints ,  the ligamenta flava, su
praspinous l igament, interspinous ligaments, intertrans
verse ligaments, and the anterior and posterior lon

gitudinal ligaments are discussed in Chapters 5 and 6, 
and the lYDs are discussed in Chapter 2 .  The mam.iUo-
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accessory l.igament is discussed previously in this chap
ter (see Articular Processes). This section is devoted to 
characteristics of the previously mentioned ligaments 
that are unique to the lumbar region. The il iolumbar lig
aments (left and right), which are found only in the 

lower lumbar region ,  are also covered in this section .  

Lumbar Anterior Longitudinal ligament 

Un ique characteristics of the anterior longitud inal liga
ment (ALL) in the lumbar region include it  being wider 
from side to side than in the thoracic region. It  has 
a lso been found to be thicker than the posterior lon

gitudinal ligament (PLL) (Grenier et a I . ,  1 989b) . The 
ALL extends across the anterior aspect of the vertehral 

bodies and rVDs to attach inferiorly to the sacrum.  The 
ALL functions to limit extension, and i t  may be torn 

during extension inj u ries of the spine. It receives 
sensory (nociceptive ami proprioceptive) innervation 
from branches of the gray communicating ra mi of the 
lumbar sympathetic trunk. Therefore, damage to the 
ALL during extension injuries can be a direct source of 
pain .  

The ALL and PLL have been collectively termed the i n
tercentral l igaments because they connect the anterior 
and posterior surfaces of adjacent vertebral bodies (cen

tra), respectively (Grenier et a I . ,  1 989b). They a lso help 
attach the vertebral bodies to the rVDs and are important 
in  stabilizing the spine during flexion (PLL) and exten
sion (ALL). They also function to limit flexion (I'LL) and 
extension (ALL) of the spine. 

Lumbar Posterior Longitudinal ligament 

The PLL in the lu mbar region is denticulated in appelr

ance (Fig. 7-1 6) . That is, it is narrow over the posterior 
aspect of the vertebral bodies and nares laterally at each 
lYD, where i t  attaches to the posterior aspect of the an

ulus fibrosus. 
The PLL receives sensory innervation from the recur

rent meningeal nerve (sinuvertebral nerve). Substance P, 
a known sensory neurotransmitter that is usually associ

ated with pain sensation, has been fou nd in the terminal 
fibers of the sinuvertebral nerve innervating the l um
bar PLL. Korkala and colleagues ( 1 985) also found 

enkephal ins, a known neuromodu lator, in the I'LL. 
Together these findings substantiate previous supposi
tions that the PLL is pain sensitive and may incl icate that 
the PLL (at least i n  the lumbar region) is bighly sensitive 
to pain. The pain sensi tivity of the I'LL has been demon
strated by mechanical irritation of the ligament in pa
tients with only local anesthesia of the overlying skin. 
The pain was felt in tbe midline and radiated into the 
low back and superior aspect of the bu ttock (Edgar & 

Gbad ially, 1 976). 
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rIG. 7- 1 6 Posterior longirudinal ligament is s110wn coursing 

along the anterior aspect of the vertebral canal. 

In  some instances, posterior and posterolateral IVD 

protrusions may penetrate the PLL. This is a strong sign 

that the protrusion is not contained within the anulus fi

brosis (see Intervertebral Disc in  Chapter 2 and later d is

cussion). This may be an indication for surgical removal 

of the disc. The penetrated PLL is able to be distin

guished from a bulging anulus fibroslls on parasagittal 
MRl scans. The PLL appears as an area of low signal in

tensity on these images. Using MRl,  Grenier and col

leagues CI 989b) were able to determine when the PLL 

was not disrupted (not penetrated by the anulus fibrosus 
or nucleus pulposus) 1 00% of the time and were able to 

determine when the PLL was disrupted 78% of the t im e .  

T h e  au thors concluded that M R I  was useful in  the de

tection of PLL disruption. 

Lumbar Ligamenta Flava 

The paired (left and right) ligamenta flava of the lumbar 

region are the thickest of the entire spine. They extend 

belween the laminae of adjacent vertebrae throughout 

the lumbar region , including the j unction between the 

laminae of L5 and those of the S1 segment. Each liga

mentum fla vum is thickest medial ly. Laterally, the liga

ment passes more anteriorly to form the an terior joint 

capsule of the Z jOint, attaching to the superior and in

ferior articular processes that form this joint.  The most 

lateral fibers attach to the pedicle of the vertebra below 

(Fig. 7- 1 7) .  

T h e  exiting dorsal and ventral nerve roots o f  the lum· 

bar region come in d i rect contact with the anterior as· 
pect of the ligamentum flavum as the ligament forms the 
anterior capsule of the Z jOint within the IVF (Hasue et 

a I . ,  1 983) . A recess has been found in the lateral ,  articu

lar portion of the ligament. Paris (1 983) states that this 

recess may al low the synovium of the facet joint to pass 

through the ligamentum flavum .  Under certain circum
stances the synovium could then extend into the IVF , 

where it could conceivably compress the m ixed spinal 

nerve . 

Sensory fibers, probably arising from the medial 

branch of the posterior primary division (Bogduk, 1 983), 

have been found innervating the most superficial aspect 

of the posterior surfaces of the ligamenta flava (Edgar & 
Ghadially, 1 976) . Therefore, damage to these l igaments 

may resu l t  in back pain .  Since the number of nerve end

ings is small, the Significance of the l igamenta flava as a 

primary source of back pain is uncertain. However, their 

role as a secondaty source of back pain in spinal steno

sis is well documented (see Lumbar Vertebral Foramen 

and the Vertebral Canal; Lumbar Intervertebral Foramiml 
and the Nerve Root Canals). 

Lumbar Interspinous ligaments 

The results of descriptive studies of these l igaments in 

the lum bar region have led to elaboration on their struc

ture in this particular area of the spine. Therefore a brief 

discussion of the un ique aspects of these structures is in
cluded here, even though the in terspinous ligaments 

were described with the thoracic region (see Chapter 6) . 

Several authors have described the structure of a typi

cal lum bar interspinous ligament as being composed of 

three parts: anterior, middle, and posterior (Behrsin & 

Briggs, 1 988; Bogduk & Twomey, 1 99 1 ) .  These three 

parts run between adjacent spinous processes, filling the 
gap along the length of these processes. 

The anterior portion of the interspinous ligament is 

paired (left and right) anteJiorly,  with each part attach
ing to the l igamentum flavum of the same side. A thin 

layer of adipose tissue separates the two halves. 

Posteriorly the two sides of this part of the interspinolls 

ligament unite to form a single ligament. The fibers of 

this part of the interspinous ligament pass posteriorly 

and superiorly from their origin (ligamentum flavum) to 

attach to the anterior half of the inferior aspect of the 

spinolls process of the vertebra above. 
The middle portion of the interspinous ligament is the 

most substantial region. It originates from the anterior 

half of the upper surface of a spinolls process and passes 
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lrmWIJ----- Ligamentum flavum 

A 

Ped ic le 

FIG. 7- 17 Pedicles have been sectioned i n  a coronal  plane to 

reveal the posterior aspect of the vertebral canal (A, Artist ' s  

rendering.) D ,  (Cadaveric specimen). Notice tlle ligamenta 

flava (red arrow) passing betvveen the adjacenr laminae. 
(B, Courtesy The Nation al College of Chiropractic.) 

posteriorly and superiorly to insert onto the posterior 

half of the lower su rface of the vertebra above. 

The posterior aspect of the interspinous ligament at

taches to the posterior half of tbe upper surface of a 

spinous process and co ntinues superiorly to pass behind 

(posterior to) t he vertebra above, becom ing continuous 

with the suprasp inous li gament (see fo llowing d i�clls
sion). 1:30gduk and Twomey ( 99 1 )  do not consider this 
posterior portion to be a tme part of the interspinolls lig

ament because it does not attach to two adjacent bones. 

The interspinous ligament appears to be qu ite capable 

of be ing torn. One investigator fOllne! i ts fibers to be rup

tured in 21 'X, of cadavers examined . The middle fibers 

were found to be torn most frequently (Behrsin & 

Briggs, 1 988) 
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The interspinous ligaments and supraspinous l igament 

Jimit the end stage of lumbar flexion, and they are the 

first to sprain during hyperflexion of the lumbar region 

(Hutton, 1 990) 

Lumbar Supraspinous Ligament 

The suprasp i nous l igament is strongest in the lumbar 

region. It is  classicaUy described as extending to the 

sacrum (Williams et aI . ,  1 989). However, others (Behrsin 

& Briggs, 1 988) believe that the supraspinous ligament 

ends at L5 and does not extend to the sacrum, and Paris 

( 1 983) states that it usually ends at L4 and rarely at L5,  

never extending to the sacru m .  Paris has found that  the 

strong fibers of origin of the lumbar erector spinae mus

cles and the thoracolumbar fascia take the place of this 
ligament inferior to the spinous process of L4. This fas

cia continues inferiorly to the median sacral crest. 

Bogduk and Twomey ( 1 99 1 )  state that the supraspinous 
l igament is not a true ligament in the lumbar region. 

They believe it is primarily made up of strong tendinous 

fibers of the longissimus thoracis and multifidus muscles, 
and crisscrossing fibers of the thoracolumbar fascia. In 

addition , a condensation of the membranous (deep) 

layer of the superficial fascia of the back forms the su
perfiCial layer of the supraspinous ligament (BOgdllk & 

Twomey, 1 99 1 )  

The term supraspinous ligament continues to b e  used 
quite frequently by clinicians and researchers alike. In 

such i nstances, they are probably referring to the tough 

combination of midline tendons of the l ongissimus tho

racis muscle, the intersecting fibers of the thoracolum

bar fascia, and the membranous layer of superficial fas

cia.  The term lumbar sUjJrasjJinous restraints would 
seem to reflect more accurately the true nature of the fi

brous band of tissue tbat is found along the posterior as
pect of the lu mbar spinous processes and interspinous 

spaces. 

Lumbar Intertransverse ligaments. The general 
characteristics of tbe intertransverse ligaments are de

scribed in Chapter 5 ,  Some authors describe the lumbar 

intert ransverse ligaments as being thin membranous 
bands that connect two adjacent TPs (Berhsin & Briggs, 

1 988). Others consider the in tertransverse l igaments to 

be rather discrete and well-defined bands, although 
some authors consider them to consist of two lamellae 

(Berhsin & Briggs, 1 988), The latter view appears to be 

gaining acceptance (Bogduk & Twomey, 1 991) .  

T h e  posterior lamella o f  the intertransverse ligament 

passes medially to the posterior aspect of the Z joint. It 

is pierced by the posterior primary d ivision and contin
ues med ially to help reinforce the Z joint capsule from 

behind.  Laterally the membranous intertransverse liga
ment also has a posterior layer. The posterior layer of the 
lateral aspect of the intertransverse ligament becomes 

continuous with the aponeurosis of the transversus ab

dominis muscle and then becomes continuous with the 

middle layer of the thoracolumbar fascia (Bogduk & 

Twomey, 1 991) .  

The anterior lamella of the intertransverse ligament 

passes medially to form a layer of fascia over the IVF, 

Here it is pierced by the APD and the spinal branches 
of lumbar segmental arteries and veins, The anterior 

lamella then continues anteriorly and mediaUy to be

come continuous with the ALL. The accessol)' (trans
foramina\) ligaments, \vhich span the IVF (see Chapter 2 
and previous discussion on corporotransverse ligament 

under L5 NRC), are probably condensations of the ante

rior lamella of the intertransverse ligament (Bogduk & 

Twomey, 1 99 1 ). Reca U that la terally the membranous in

tertransverse ligament also has anterior and posterior 
(see preceding paragraph) layers, The anterior layer be

comes continuous with the anterior layer of the thora

colum bar fascia and covers the anterior aspect of the 
quadratus lumborum muscle , 

A V-shaped groove (with the apex of the V facing lat

eraUy) is formed by the medially located anterior and 

postelior lamellae of the intertransverse ligament, The 

region between the two lamellae is filled with it small 

amount of adipose tissue that is continuous with the adi
pose tissue within the Z jOint. This V-shaped region is 

known as the superior articular recess (see Zyg
apophyseal Joints). I t  aids the Z joint by allowing for 

its adipose contents to be displaced during extension of 

the spine (Bogduk & Twomey, 1 99 1 ).  

Iliolumbar Ligaments 

The iliolumbar ligament runs from the left and right TPs 

of L5 (and occasionally L4) to the sacrum and iliac crest 

of the same side. Each is composed of as many as five 

parts (Bogduk & Twomey, 1 991) .  The most prominent 
part consists of an inferior band anel a superior band 

(Olsewski et a I . ,  1 99 1 ;  Williams et a \ . ,  1 989), The inferior 

band is present 97% of the time and is also known as the 

lumbosacral ligament (LSL). The LSL extends from the in

ferior aspect of the L5 TP and the body of L5 to the 

anterosuperior aspect of the sacral ala, where it blends 

with the ventral sacroiliac ligament (Fig. 7-18). The LSL 

extends from the TP aod body of L5 to the sacral prom
ontory at least 3% of the time (Olsewski et a\ . ,  1 99 1 ) .  

T h e  superior band o f  t h e  i l iolumbar ligament runs far

ther laterally than the LSL and attaches to the iliac crest 

in front of the sacroiliac joint .  This band is continuous 

with the attachmeot of the quadratus lumborum muscle 

to the TP of L5. Other portions of the il iolumbar liga

ment inc lude anterior, inferior (not the LSL), and vertical 
parts , All these originate from the TP of L5 and attach to 

the il ium. 

The iliolumbar ligament was previously thought to de
velop as a result of metarlasia of epimysium (outer cov-



riG. 7- 1 8  The l u m bosacral ligament (LSL). Notice the rela

t ionship between the LSL and the ventral ramus of L5 (Ln5). 

(From Olsewski ,  ) . M .  et a l .  5pine, 199 1 ,  1 G; 336-347 . )  

eri.ng) of t he i nferior fibers of the quadratus lumborum 
muscle. i Iowever, I i h thoff ( 1 995) found this ligament to 
be well developed in 1 2  of 12 fetuses beyond 1 1 . 5  
weeks o f  gestational age. Further, h e  found that the di
rection of the coUagen fibers was 90° to the muscle 
fibt:rs of the qUJdratus lumborum muscle. He concluded 

that the i liolumbar Ligament Jevelops in a fashion similar 

to most of the other ligaments of the body and is not 
formed by IllctapiasiJ of the i nfelior fibers of the quad
ratus lumborulll muscle. 

The iliolum bar ligaments probably ['unction to stabi

lize the L'5-S 1 junction, helping to maintain the proper 
relation�hip of L'5 on S 1 .  This function is enhanced 
with degeneration of the L'5 IV D (Olsewski et a t . ,  
1 9 9 1 ) .  In addition, this ligament probably l im its axial ro
tation of L'5 on S 1 .  The i l iolumbar liga ment is innervated 
by posterior primary d ivisions of the neighboring spinal 

nerves Jnd therefore may be a primary source of back 
pain. 

Lumbar Intervertebral Discs 

Because of their tremendous cl inical Significance, much 
has a l ready been written in this chapter about the lum

bar lVDs. In  addition, Chapter 2 described the make-up 
of the I Ds and much of the clin ical significance associ

ated with their unique morphology. Chapter 1 3  dis
cusses the microscopic anatomy of these important 

structures. This chapter focuses on the lIIuque charac-
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teristics of the lumbar NDs with an emphasis on their 
clinical Significance. 

In general, NDs of the lumbar region are the th ickest 

of the spi.ne. They have the same composition as the 
d iscs in the other regions (see Chapter 2), being made 

up of a central nucleus pulposus, an outer anulus fibro

sus composed of 1 5  to 25 lamelJae (Twomey & Taylor, 

1 990) , and the vertebral (cartilaginous) end plates of the 
twO adjacent vertebrae. The thickness of the lamellae of 
the anulus fibrosus of lumbar NDs varies considerably 
from one layer to the next and also varies within the 

same lamella .  Marchand and Ahmed ( 1 990) found that 
the th ickness of the .lamellae also i ncreases with age . 

The function of the lum bar NDs is similar to the func
tion of the IVDs throughout the spine. That is,  they ab

sorb loads placed on the spine from above (axial load

ing) and aJlow for some motion to occur (Hutton, 1 990) . 
The lumbar discs become shorter d uring the day be
cause they carry the load of the torso. They usually re
gain their shape within 5 hours of sleep . During the ac

tive hours the d iscs require movement to maintain 
proper hyd ration. Decreased movement and decreased 
axial loading have been strongly associated with disc de

generation (Twomey & Taylor, 1 990). 

Contrary to what was assumed in the past, the IVDs 
do not normaUy become narrower from superior to in

ferior with age (Twomey & Taylor, 1 990). Their central 
region becomes more convex with age and pushes into 
the central region of the adjacent vertebral bod ies . The 

central aspect of the vertebral bodies lose transverse tra
beculae with age and become somewhat shorter from 
superior to inferior. The peripheral margins of the verte
bral bodies lose m uch less height, causing the end p l ates 

to become concave. 
The lumbar IVDs are thicker anteriorly than posteri

orly. This helps in the fo rmation of the lumbar lordosis. 
Liyang and colleagues ( 1 989) found that the shapes of 
the lumbar NOs change Significantly during flexion and 

extension of the lum bar region. Flexion was found to 
narrow the an terior aspect of the disc by approximately 
1 to 5 mm and to increase the height of the posterior as
pect of the disc by between approximately l .  5 to 3 mm. 

The IVDs are usually protected from anterior d is
placement, or shear stress, by the Z joints and the lum

bar extensor muscles (Hutton, 1 990). However, fracture 

of the pars interarticularis allows for anterior displace

ment of the rVDs to OCCllr. 

Pain Originating From the Intervertebral Disc. 
Because each lumbar d isc is in direct contact with two 
or three pairs of dorsal roots (Taylor, 1 990), bulging, or 
protrusion, of the IVO is a major calise of rad icular pain 
(Fig. 7-] 9). However, clinicians should keep in mind that 

each lVD is innervated by sensory nerve endings and, as 
a resu lt, can be a primary source of back pain . The ND 

receives both nociceptive and proprioceptive fibers 
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HG. 7- 19 jvl R] scans demo nstrati ng a n  i ntervertebral d isc protrusion of the L 5-S l interver

tebral d i�c. A, M i(bagittal. B, Horizo n ta l .  

(C hapter 2).  The posterior aspect of  the  disc rece ives in

nervation from the recurrent meningeal nerve (sinuver

tebral nerve), and the lateral and an terior aspect of the 

d isc is supplied by branches of the gray commun icating 

ra mi of the lumbar sympathetic trunk (Bogduk, Tynan , & 

Wilson, 1 98 1 ;  Edgar & (,had ially, 1 976) . 

Nociception from that part of the disc innervated by 

branches of the gray communicating ram i  probably 

courses through the gray rami to the anterior primal)' 

d ivision and therefore en ters the dorsal horn of the 

spinal cord in a fash ion similar to other nociceptive 

fibers of the somatic nervous system (Bogduk, 1 983). 



(Chapters 9 and 1 1  discuss the central connections of 

fibers conducting nociception.) Bogduk ( 1 990) has 

described a series of events that explains the mecha

nism by which the rvo can be a primary somce of pain 

without IVO herniation.  He states that there are primar

ily two mechanisms by which the disc causes pain with

out herniation: through torsional injuries to the disc and 

from compression of the rvo . 

Torsional injury to the IVD refers to a sprain of the 

outer layers of the a nulus fibrosus after excessive axial 

rotation. Normally, tea ring of the anulus does not occur 

because the coJJagen fibers of the 1 5  to 25 anular lamel

lae of a lumbar IVO are able to withstand more than 3 °  

o f  axial rotation without being stretched beyond their 

capacity. Rotation of the lumbar spine does not normally 

cause damage to the IVD (Hutton, 1 990), since axial ro

tation between two adjacent segments is primarily lim

ited by the Z joi.nts and does not llsllaUy exceed 3 °  (see 

Range of Motion in the Lumbar Spine). However, if flex

ion is adeled to axial rotation, the col lagen fibers of the 

anulus fibrosus can be stretched beyond their limits ,  re

sulting in circumferential tears of the anulus (Fig. 7-20). 

Because of the nociceptive innervation of the outer third 

of the IVO, these tears can result in pain of discal origin .  

However, even though these injuries have been pro

duced experimentally, have been identified in cadavers, 

and match the signs and symptoms expressed by many 

patients who have back pain after inju ries involving ro

tation combined with flexion, no defi nitive stud ies irrev-
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ocably link isolated circumferential tears o f  the NO with 

low back pain (Bogduk, 1 990). 

If  several episodes of excessive loading of the disc dur

ing flexion and axial rotation occur, the result may be 

circumferential tears of several adjacent lamellae of the 

anulus fibrosus. If enough anuluar lamellae tear i n  this 

way, the anulus fibrosus may be weakened to the point 

that the nucleus pulposus may be allowed to pass 

through a path created by the circumferential tears of ad

jacent lamellae. Such a path courses from the centrally 

located nucleus pulposus to the periphel)' through suc

cessive layers of the anu lus fibrosus. This path, from the 

nucleus pulposus through several layers of the anulus fi

brosus, is known as a radial tear (Fig. 7-20) . A radial tear 

can result in protrusion and herniation of nuclear con

tents into the vertebral cana l .  Once in the canal, entrap

ment or stretching of the neural elements can occur. A 

protruding or herniated d isc can affect the neural ele

ments as they course with i n  the vertebral canal, as they 

pass through the IVF , or in both regions. 

MRl is gaining wide acceptance i n  the evaluation of 

disc protrusion .  However, a significant number of false

positive findi ngs have been found with MRl. Therefore, 

close correlation of MRl fi ndings with other clinical find

ings is essential before a diagnosis of d isc protnlsion can 

be made with certainty (Boden et aI . ,  1 990). 

The second type of injury that can result in pain orig

i nating from the IVD itself results from excessive com

pression of the 1VO. Compression injuries can result i n  

FIG. 7-20 Circumferential and ra

dial tears of the IVD. Notice that one 

���o-----Circumferentiol tear of the ratlial tears is al lowi ng the nu

cleus pulposus to protrude posterolat-

erall)' on the left side. 
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pain of disca! origin by two mechanisms, chemical and 

mechanical (Bogduk, 1 990). Bogd uk (1 990) has de

scribed a series of events that may occur following ex
cessive compression of a lumbar ND. These events are 

summarized in the box below. Note that fracture of the 

vertebral end p late is a key feature in this sequence of 

events. During compressive loading of the spine (forces 

being p laced on the spine from lIirectly above), the ver
tebral (cartilaginous) end plates have been shown to 

fracture before tearing of the anulus fibrosus or hernia

tion of the nucleus pu lposus occurs. Such fractures may 

heal completely and possi bly go u nnoticed.  However, if 

the frac ture extends into the cancellous bone of the ver

tebral body and the IVD comes in contact with the vas

cular supply of the vertebral body, a dramatic repair re

sponse may occur. This response is characterized by the 
nuc leus pu lposlls being treated as if i t  were foreign to 

the body. The resul t  has been described as an autoim

mune type of response (Bogduk, 1 990) . This response 

leads ro destmction of the proteoglycan aggregates and 

proteoglycan monomers that make up the d isc. The re

s u lt of this destmction is a condition k n own as internal 

disc disruption (Kirkaldy-Willis et a I . ,  1 978). 

F.FFECTS OF COMPRF_"SIVE I.OAm�G 

Fall or excessive compressivt:" load 

l 
Fractnre of vertehral end plate 

l 
N uclear material exposed to blood supply of 

vertehral body 

l 
. 

l J n rt:"straincd inflammatory repair response 

l 
Ikgradarion of fVO proteoglycans 

l 
Internal disc d isruption 

."Imlilicd frum llogdllk.  N .  ( 1 990). Malilltil Met!, 5. 72-79. 

Internal d isc d isruption can result  in spinal stenosis 

(includ ing fora mina] stenosis), herniation of the nucleus 

pulposus, or both. The processes by which these two 
entities develop are summarized in the boxes Scenario 

One and Scenario Two. 

Internal d isc dismption can also result  in resorp tion, 

or loss, of d isc material .  The loss of discal material may, 

over time, make extrusion of the nucleus pu lposus less 

likely. Kirkaldy-Willis and colleagues (1 9713) state that 

d iscogra phy has shown a marked correlation between 

loss of disc height, the presence of traction spurs (os

teophytes), and ci ismption of the disc . Therefore, even i f  

patients escape nuclear bulge o r  herniation (presented 

SCENAR IO ONE 

In ternal disc d isrupt ion 

l 
Circumferential bu lging of the ,lIlulus fibrosus 

l 
Osteophyte formation 

l 
Isolated disc resorption 

l 
foraminal  or spinal stenosis 

Modified from Bogdllk. N. ( 1 990). ,11ullllal Met!. 1. 72·7<). 

SCEN ARIO 'IWO 

Rapid internal disc disruption 

l 
Centrifugal erosion of the anulus librosus 

l 
Radial fissures 

l 
Fissure track ( path) 

l 
Nuckar herniation 

in ScenariO Two), they remain vulnerable to lateral re
cess stenosis (ScenariO One). 

In addition, as dismption continues toward the outer 

layers of the anulus fibrosus, pain of purely discal origin 

can a lso result .  Bogd uk ( 1 990) has reviewed two mech

anisms by which this can occur.  These mechanisms are 

summarized in the boxes, Pa in from Internal Disc 
Disruption-One and Two. The first mechanism that 

produces pain of discal origin is chemical in nature. 

Progression of the inflammatory process of d isc disrup

tion results in the direct stimulation of nociceptors in 

the outer third of the anulus fibrosus. The second 

process causes pain from the anulus as a result of its de

creased ability to handle stress adequately As the 

Degradation of nucleus reaches outer third of 

,tnufus tibrosus 

l 
Stimulation of nociceptors of OUllT ,lI1ulus fibrosus 

l 
Chemically induced pain 



PAIN fROM INTI\RNAI. OISC 

OISRI ll'TlON-TWO 

Dismption of anular collagen 

,1, 
Decrease in number of col lagen 1ibers 

,1, 
Application of loads results in increased stress 

to oU ler anulus ftbrosus 

Anu lar sprai n  

,1, 
.\kchall ically induced pain 

process of d isruption progresses, the inner lamellae of 

the al1ulus break down, causing the outer layers to ab

sorb a l l  the loads placed o n  the d isc. The anu lus is ren

dered more susceptible to circumferential tears, which 

are pain producing. Therefore this type of pain,  sec

ondary to internal disc d isruption ,  is the result of me

chanical forces. The two mechanisms just described 

(pain of chemical ancl mechanical origin) can occur si

multaneously (Bogduk, 1 990). 

Finally, the box below summarizes the cl inical  find

ings i n  a patient with early internal d isc d isruption. Note 

that the neurologic findings are negative. This is because 

the (l isc remains contained, especially in the early stages. 

Pain from internal d isc disruption has characteristics 

Similar to those of other somatic callses of low back pain 

(e .g. , Z joint patholol:,'Y). This makes d iffere ntiation from 

many other causes of back pain very challenging. If the 

pain is prolonged or becomes severe, injection of ra

diopaque dye i nto the d isc followed by CT d iscography 

usually shows disruption into the anu lus fibrosus when 

i nternal d isc disruption is present .  In add ition, CT d is

cography reproduces the pa tient ' s  symptoms. Extrusion 

of dye into the a nu lus combined with provocation of the 

patient's sym ptoms confirms the cond ition of i nternal  

disc d isnlption. [n addit ion,  a d isc affected by i nternal 

d isc disruption may be iden tified as an area of reduced 

signal intensiLy when viewed on sagi ttal MRl scans.  

CI.l N IC.\J. F1NI>J NGS WITH 

INTERNAl, DISC DlSRt WTlON 

I .  Pain rcslricleu ro back or referreu to lower limb 

2 .  Pain aggravated by movements or compression 
of disc 

3. Muscle guaruing could be present 

4. Neurologic examination normal 

'5. Standard X-ray examination, m)'elogmphy, anu CT 
scan normal 

6. C1' uiscography with pain provocation positive 

TH E Ll IJVmAa a E< ;[ON 2 1 3  

Other Considerations . The IVD and the two Z joi n ts 

between two adjacent vertebrae make up a th ree-joint 

complex. Pathologic conditiolls or dysfunction of one 

component can adversely a ffect the others (Kirkaldy

Will is  et a I . ,  1 978) . For example, l oss of d i sc heigh t as a 

result of disc p rotrusion, i n terna l  d isc d isruption, re
sorption of the disc, chemonuc\eolysis, and d iseectomy 

may lead to added loads being placed on the Z jOint 

capsules and the articular processes. Disc deterioration 

at Olle l evel can also leael to increased stra i n  and possib le 

degen e ration of the d iscs immed iately a bove or below 

the level of primary i nvolvement (KirkaJely-Wi l i is et aI . , 

1 978) . 
Loss of d isc height can a lso resu lt i n  sub luxation of the 

Z joints and upward a nd fOlward d isplacement of the su

perior a rticular processes ( [(j rkaldy-W i U is et a I . ,  1 978). 
This in turn results in narrowing of the latera l  recesses of 

the vertebral canal. Narrowing of the lateral recess may 

resu lt  i n  entrapment of the exiting nerve rootS as they 

proceed to the med ial aspect of the IVF proper. 

Therefore, loss of el isc height from a ny cause can result  

i n  abnormal joint  position a mi abnormal motion. Such 

abnormal joint position and a bnormal motion of both 

the interbody joint and the Z joints of two adjacent ver

tebrae has been termed instability (Dupuis et a I . ,  1 985) .  
Instability, i n  turn, can lead to repeated en trapment of 

the spinal nerve exiting between the two adjacent seg

ments. 

RANGES OF MOTION IN THE LUMBAR 
SPINE 

Several factors h e lp to l imit specific movements of tile 

lumbar region. These include the unique configuration 

of the lumbar articular facets and the restraints of the Z 
joint capsu les, ligaments of the lumbar region, deep 

back muscles, and the lumbar rVDs. For exam ple,  tlex
ion of the lwnbar region is primarily l i mited by tile Z 
joint capsules (Hutton , 1 990) a nci the a rticular processes 

themselves (Taylor & Twomey, 1 986). The ligamenta 

flava , IVDs, and interspinous and supraspinolls l igaments 

also l imit  flexion. Hutton ( 1 990) found that t he inter

spinous anci supraspinous Ligaments (suprasp inous re

strain ts) were the first to tear during hyperflexion of the 

lumbar region . 

Extension is l imited by the ALL, the Z joint  capsu lar 

ligaments (Dupuis et  a I . ,  1 985),  and the bony " StOp "  of 

the inferior articular p rocesses coming against the pars 

interarticularis of the subjacent vertebra. 

The tightly interlocking facets of this region d ramati

cally limit  axial rotation . However, the reciprocal con

cave and convex surfaces of the respective superior and 

inferior articular processes do a l low for a very smal l  

amount o f  axial rotation to occur. Gapping of the Z joint 

occurs o n  the same side of vertebral body rotation ( i . e , 
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gapping of right Z join t with right rotation). A.,'(ial rota

tion is finally stopped by the impact of articular pro

cesses that make up the Z joint of the side opposite that 

to which the vertebral body is rotating. This limitation 

usually occurs at 1 ° to 2° of axial rotation between adja

cent vertebrae from L1 to L4 (Hutton, 1 990). The L5-S 1 

segment is able to attain more axial rotation than the 

other l umbar segments (see following discussion). 

Lateral flexion in the l umbar region is limited primar

ily by the contralateral intertransverse ligaments. The 

contralateral capsular ligaments and l igamenta flava are 

also important in the limitation of lateral flexion. In ad

dition, the configuration of the articular processes help 

to limit lateral flexion (Dupuis et a I . ,  1 985). Lateral flex

ion in the lumbar region is usually coupled with axial ro

tation such that left lateral flexion results in right rota

tion of the vertebral bodies (left rotation of the spinous 

processes), and vice versa (i.e . ,  right lateral flexion is 

coupled with left rotation of the vertebral bodies). This 

is probably caused by the sagittal orientation of the 

lumbar Z joints, combined with the effect of the rela

tively strong lumbar interspinous and supraspinous re

strai.nts. The latter restraints tend to hold the spinous 

processes together clwing lateral flexion . Loose poste

rior stabilizers (interspinous ligaments, supraspinous re

straints, deep back muscles, Z jOin ts) can result in ab

normal coupling during lateral flexion so that left lateral 

flexion is  coupled with left rotation of the vertebral 

body and light rotation of the spinous process (the op

posite of the normal coupling pattern). This abnormal 

coupl ing pattern, which can be detected on standard 

x-ray films, is an indication of lumbar instability (Dupuis 

et a I . ,  1 985) . 

Lumbar instability may resu lt in low back pain if ab

normal stress is placed on the unsta ble segments. A pa

tient witb lumbar i.nstability may have centralized low 

back pain without leg pain or with lateral low back pain 

combined with radiation into the buttock and thigh . 

Some patients with lumbar instability have signs of nerve 

root entrapment. D ifferentiation between pain caused 

by lumbar instability and that caused by primary IVD or 

Z jOint pathologic conditions may be challenging. 

Examination of dynamic x-ray films taken in flexion, ex

tension, and lateral flexion have been found to aid in this 

d ifferentiation (Dupuis et aI . ,  1 985). 

Table 7-9 l ists the total ranges of motion for the lum

bar region as reported by several different authors. 

The following is a list of ranges of motion (in degrees) 

for each lumbar segmental level (White & Panjabi, 

1990). 

Combined flexjon and extension 

L J -2 lr 
L2-3 1 4 °  

13-4 1 5° 

L4-5 I r  

Unilateral lateral flexion 

L l ·2 6' 

L2-3 6° 

L3-4 8° 
IA-5 6° 

Unilateral axial rotation 

L J -2 2° 

L2-3 2°  

L3·4 2' 

L4-5 2° 

Plamondon and colleagues (1 988) used steriometry 

(method of measurement using sets of x -ray films taken 

at 90° to one another) to determine the motion of indi

vidual lumbar vertebrae. The following list represents 

the amount of motion they found , per segment for the 

L1 to L4 vertebrae: 

flexion: 1 0° 
Extension: 4 '  

Axial rotation: 1 ' 

Lateral flexion: 4'  

Recall that  the LS-S1 articulation is  the most movable 

segment in flexion, extension, and axial  rotation in this 

region. The following is a list of the ranges of motion at 

this level (White & Panjabi, 1 990): 

Combined flexion and extension: 20° 

Unilateral lateral flexion: 3' 

Unilateral axial rotation: 1° 

However, some texts present data that show signifi

cantly less motion at the LS-S 1 region, particularly in ax

ial rotation and lateral flexion (Bogd uk & Twomey, 

1 99 1 ) .  

SOFT TISSUES OF THE LUMBAR REGION : 
NERVES AND VESSELS 

The muscles associated with the Lumbar region are dis

cussed in Chapter 4. This includes a discussion of the di-

Table 7-9 Total Ranges of Motion for the Lumbar 

Region 

Direction 

Flexion 

Motions and ranges reported in the literature 

60° 

Range: 39°-55° ;  average: 4 5 .95" 2: 4 .28: 

52° :!: 1 8, t  

L4-5 segment Range: 14 .5 °-19. 0° ;  average: 1 5 .95° :!: 1 . 38' 

Extension 20° 

1 6° ::'::: l Ot 

Lateral flexiont 25°-30° 

A..x.ial rotationt 

'Data from Liyang, D., (1989). Spine, 14, 523-525. 

tData from Bogduk, N. & Twomey, l.T. ( 1 99 1 ) . Clinical anatomy of 
the lumbar spine, London: Churchill Livingstone. 

HJnilateral motion. 



aphragm and the muscles of the anterior and posterior 

abdominal walls, including the abdominal oblique mus

cles, the transversus abdominis muscle, the rectus ab

dominis muscle, the quadratus lumbomm muscle, and 

the psoas major and minor m uscles. Consequently, this 

section on soft tissue stmctures of the lumbar region 

focuses on vessels and nenTes related to the l umbar 

spine. 

Nerves of the Lumbar Region 

The innenTation of the lumbar portion of the vertebral 

column and the soft tissue stmctures of the lumbar re

gion is  a topic of supreme cl inical importance. Having 

a knowledge of the innenTation of the spine gives the 

clinician a better understanding of the source of the pa

tient ' s  pain.  Perhaps Bogduk ( 1 983) stated it best: "The 

distribution of the intrinsic nerves of the lumbar velte

bral column systematically identifies those stmctures 

that are potential sources of primalY low back pain . "  

Because the basic neural elements associated with the 

spine are covered in Chapters 2, 3, 5 and 6, this chapter 

concentrates o n  those aspects of innervation un ique to 

the l umbar region. However, many key features of the 

basic neural elements also are i ncluded here to maintain 

continui ty and to minimize the need to refer to previoLls 

chapters. 

The cauda equina and exiting roots and spinal nenTes 

have been discussed earlier (see Lumbar Vertebral 

Foramen and Lumbar Intervertebral Foramina and the 

Nerve Root Canals, respectively). This section briefly 

covers the dorsal and ventral roots ancl the mixed spinal 

nerve . I t  concentrates on the neural elements once they 

have left the confines of the IVF. Since the vast majority 

of spinal stmctures are innervated by either the recur

rent meningeal nerves or the posterior primalY d ivisions 

(PPDs) these nerves and the structures they innervate 

are covered in m ore detai l .  This is fol lowed by a discus

sion of the anterior primary divisions (APDs) and the 

lum bar plexus. Recall that the lateral and anterior as

pects of the lVDs and the ALLs are i n nervated by d i rect 

branches of the lumbar sympathetic trunk and also by 

branches from the lumbar gray rami communicantes. 

The specific innervation of the IVD has been d iscussed 

in greater detail  earlier (see Pain Originating from the 

Intervertebral Disc). 

General Considerations. Three types of nerve end

ings have been found in almost all the structures in the 

lumbar vertebral column that receive a nerve supply: 

free nerve end i ngs, other nonencapsulated endings, and 

encapsulated end i ngs. This would seem to ind icate that 

most i nnervated stmctures of the spine are sensitive to 

pain, pressure, and proprioception (Jackson e t  a I . ,  

1 966) . 

THE LUMBAH REGION 2 1 5  

O f  particular interest, and sometimes o f  partic u lar 

frustration to clinicians and researchers alike, is that in

nenTation overlaps throughout the spine. This has been 

particularly well documented in the lumbar region. Most 

spinal structures seem to be innervated by nerves from 

at least two adjacent vertebral levels. This led Edgar and 

Ghad i a l ly ( 1 976) to state, "The poor local ization of much 

low back pain and i ts tendency to radiate may be related 

to this neurological patte rn . "  This can make the task of 

identifying the cause of low back pain particularly chal

lenging at  tin1es. 

Dorsal and Ventral Roots and Mi.-..:ed Spinal 

Nerves. The dorsal and ventral roots of the lu mbar spine 

travel i nferiorly as the cauda equina. They then course 

through the N RC before exiting the IVF (see previous 

material). The nerve roots can be i rritated by many struc

tures and pathologic processes (see Chapter 1 1 ) .  These 

include d isc protrusion or other s pace-occupying le

sions, stmctura l  lesions of the vertebral canal, chemical 

irritation, and i n trinsic rad iculitis (Bogduk,  1 976). Before 

exiting the lVF , the dorsal and ventral roots unite to form 

a m ixed spinal nerve. Each lu mbe r  m ixed spinal nerve 

emerges from a lumbar lVF and immediately d ivides i nto 

an APD (ventral ramus) ancl a PPD (dorsal ramus). 

Recurrent Meningeal (Sinuvcrtebral) Nerves. The 

recurren t  meningeal nenTes (RMNs) at  each level inner

vate many structures located within the TVF and t h e  ver

tebral canal. Because they have been found to carty 

fibers that conduct nociception (pain),  structures inner

vated by RMNs are considered to be capable of produc

ing back pain. However, i n  add i tion to nociceptive in

put ,  the Rl'1Ns a lso probably carry thermal sensation and 

proprioception (Edgar & Ghad ialJy ,  1 976) Even though 

the RMNs are d iscussed in Chapters ') and 6, they are i n

cluded here because of their cl inical importance . 

The Rl'1Ns are found at each IVF of the vertebral col

u m n .  They each originate from the most proximal por

tion of the APD just  dista l  to the IVF that they eventually 

reenter. They receive a branch from the closest gray 

communicating ramus a nd then enter the anterior aspect 

of the IVF close to the pedicle that forms the roof of this 

opening. Usually, more than one RlVIN enters each IVF, 

and up to six have been fou nd at one level .  Conse

quently, compression of the RMNs within the con.fines 

of the IVF may be a cause of back pain (Edgar & 
Ghad ially, 1 976). 

On entering the IVF, the RMNs ram ify extensively. 

Great variation is  associated with their d istribution 

within the vertebral canal (Groen, 1 990). Usually, each 

gives off a large ascending branch and smaller descend

ing and transverse branches, although the transverse 

branch is not a lways present. The ascending branch usu

ally extends superiorly for at least one vertebral level 
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above its level of entrance . The branches of the RMNs 
anastomose with those of adjacent vertebral segments, 
includ ing those of the opposite side of thc spine 

(Hogduk, 1 976; Edgar & Ghadially , 1 976; Groen et a I . ,  

1 990). They innervate the posterior aspect of the fVO,  
t h e  PLL, the periosteum of the posterio r aspect of the 
vertebral bodies, the epidural venous plexus, and the an

terior aspect of the spinal d ura mater (see Chapte r 1 1) .  
Therefore , a l l  these structures have been implicated as a 
possible source of back pain. In addition, compression 
of the RMNs in the vertebral canal may be a component 
of spinal stenosis (Edgar & Ghad ially, 1 976). However, 

because of the great variability in the d istribution of the 
RMNs, the pattern of pain referral as a result of nocicep
tive input received from them may also be quite incon
sistent. 

Less frequently cited possible causes of back pain that 
receive innel"ation by the RMNs include venous con
gestion within the vertebral  bodies ( intra vertebral ve

nous congestion) and varicosities of the epidura l veins 
(Edgar & Ghaclially, 1 976) ancl basivertebral veins 
(Hogduk,  1 976) Edgar and Ghadial ly ( 1 976) stated that,  

i n  addition to rel ieving pressure on nerve roots, decom
preSS ion of the vertebral canal via lam inecto my may re
d u ce back pain by relieving venous congestion in the 

epidural ami in trave rtebral veins. 

Posterior Primary Divisions. \,(fhereas the recur

rent men ingeal nerves innervate the structures located 

on the anterior aspect of the verteb ra l canal, the poste

rior primary ra mi innervate those structures of the pos

terior aspect of the vertebral canal (vertebral arch stn.IC

tures). This d ifference of innervation may be of sign ifi

cance; the RMNs may be responsible for information 
related to potential or real harm to the neural elements 
of the vertebral canal ,  and the PPOs may be responsi ble 

for relaying information relatecl to the struc tu ral i ntegrity 

of the spine (Edgar & Ghadially, 1 976). 
Each PPO of the l umbar region leaves the mixed spina l 

nel"e a t  the lateral border of the IVF and passes over the 
TP of the l ower vertebra pa rtiC ipating i n  the formation 
of the fVF (e .g . , the L3 nerve passes over the L4 TP). 
The PPO th en passes through a small osteoligamentous 

canal. This canal, which is unique to the lu mbar region , 
l ies between the base of the anterior surface of the su 
perior articular process medially and the posterior 

lamella of the intertransverse ligamen t laterally . The 

nerve then sends a t"vig to the intertransversari llS medi
ales muscle and continues posteriorly, where it divides 
into a medial and lateral branch.  The medial branch 
passes deep to the mamillo-accessory l igament (see 
Articular Processes) and supplies sensory innervation to 
the Z joint and then motor innervation to the multifid i .  
This innervation to the multifid i has been found to be 
specific (Bogdllk, Wilson, & Tynan,  1 982).  The med ial 

branch of a PPO innel"ates those fibers that insert 
onto the spinoLls p rocess " of the same segmental Ilum

ber as the nerve" (Bogd u k et a I . ,  1 982). For example, the 

medial branch of the L3 PPD innervates the mult ifidi that 
insert onto the L3 spinous process. The medial branch 
then con ti nues further medially to innervate tbe rota
tores and intersp inous musc les anc l to provide sensory 

innel"ation to the interspi.nous l igamen t, supraspinous 
" l igamen t" (restra ints) ,  poss ibly the ligamentum tlavum, 
ancl the perios teum of the posterior arch ,  including the 
sp inolls process (see lhe box below and Fig. 7-2 1 ) .  
Along its course the medial branch anastomoses with 
med ial branches of adjacent levels and also sends an in
ferior branch to the Z jo int of the level below (Bogduk, 
1 976; Edgar & Ghad ial ly , 1976). Therefore , each Z joint 

is innervatecl by medial branches of at least two PPDs 

(Bogdl lk et a I . ,  1 982). 

STRUCTURES INNERVATED BY TIn: MEDIAL 

BRANCH OF A LUMBAR PPD 

(STRUC11JRES CAPABLE OF PRODUCING PAIl'i) 

Z joint 

l.nterspinous ligament 

Supraspinous restraints 

Ligamentum fl"YlIm (possibly) 

Periosteum of posterior arch and postelior aspect of 

spinous process 

Muscles, including intert r;msversarius mediales, multi

fidi, rotatores, and interspinous muscles ( motor and 

sensory innervation to thest') 

The lateral branch of t he PPD suppl ies motor inner

vation to the erector spinae muscles. Hogcl uk ( l 983) 
found that the lateral branch supplies the i l iocosta l is 
l umborum muscle while an intermed iate branch stems 
from the lumbar PPOs to supply the long issi mus thoracis 

m uscle . After innervating the longissimus thorads mus

cle, the intermediate bran ches form an anastomosis with 

the intermediate branches of adjacent levels. The PPD of 

L5 has only two branches, a medial branch with a typi
cal distribution anel a more lateral branch that corre

sponds with the intermediate branches of h igher levels 
because it  i nnervates the longiss imus tl10racis mnscle . 

Since tile muscle fibers of the i l iocostal is lumbonlm do 
not extend i nferiorly to the level of the L5 nCI"e, the ab
sence of a nerve corresponding to a typical lateral 

branch of higher levels is quite understandable (Hogduk, 
1 983).  The L l ,  L2, and L3 lateral branches are sometimes 

known as the superior clllnial nerves. They supply sen

sory innerva tion to the skin over the I Ipper buttocks. 

Neither the medial branches of the PPDs nor any 

branches of the lA and L5 PPDs supply the skin of t Ill" 

back. 
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FIG. 7-2 1  Structures i n nenrated by the posterior primary divisions of rypical lumbar mixed 

spinal nerves. The quadratus lumborum muscle,  which is innervated by the anterior primary 

d ivisions , is  a lso shoWJl . 

Anterior Primary Div isions and the Lumbar 

Plexus. The anterior primary d ivisions (APDs), or 

ventral rami,  branch from the mL'(ed spinal nerves a t  

the lateral border of the rVF a n d  immed iately enter 

the psoas major muscle. The ventral rami of the first 

four lumbar nerves then branch within the substance 

of the psoas major muscle to form the l umbar plexus. 

As previously mentioned i n  this chapter, the psoas 

major muscle may provide some protection for the 

dorsal and ventral roots from traction forces placed on 

the peripheral nerves of the lumbar plexus (dePeretti et  

aI . ,  1 989). 
The lumbar plexus is  derived from the ventral rami of 

only the first four lumbar nerves. The ventral ramus of L5 
unites with a branch of the ventral ramus of L4 to form 

the lumbosacral tru n k .  The lum bosacral tmnk then en

ters the pelvis to unite with the APDs of the sacral mixed 

spinal nerves and i n  doing so helps to form the sacral 

plexus. Frequently the twelfth thoracic (subcostal) 

nerve also participates in the lumbar plexus.  

The branches of the lumbar plexus are listed next, 

along w i th the closely related subcostal nerve and l um

bosacral tmnk. 

• Subcostal nerve (TI2). The subcostal nerve i s  sen

sory to the region under the u m b ilicus and is also 

motor to the pyra m idalis and quadratus lum borum 

muscles. 

• Iliohypogastric nerve (L I). This nerve is sensory to 

the glu teal , i nguinal ,  and suprapubic regions. It also 

provides some motor innervation to the muscles of the 

anterior abdominal wal l .  

• Ilioinguinal nerve (LJ). This nerve i s  m o tor t o  the 

muscles of the anterior abdominal wall .  

• Genitofemoral nerve (L I and L2). The femoral 

branch is  sensory to the region of the femoral triangle,  

and the genital branch is  motor to the dartos and 
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cremaster muscles of the male (no important innerva

t ion by this bra nch in the female). 

• Lateral femoral cutaneous nerve (L2 and L3). T h is 

nerve is sensory to the lateral aspect of the thigh. 

• Femoral nerve (L2, L3, and L4). The femora l  nelve 

provides motor in nervation to the psoas and i l iacus 

muscles before leaving the abdominopelvic cavity pos

terior to the inguinal ligament. Distal tu the inguinal 

ligament, this nerve i nnervates the quadratus femoris 

and pectineus muscles and supp lies sensory innelva

tion to the anterior thigh and medial leg. 

• Obturator nerve (L2, L3, and L4). The obturator 

nelve is motor to the adductor musc les of the thigh 

and supplies sensory innerva tion to the medial aspect 

of the thigh. 

• Lumbosacral trunk (L4 and L5). The lumbosacral  

trunk is not officia l ly a part of the lu mbar plexus. This 

nerve passes inferiorly to p a rticipate i n  the sacral 

p lexus.  It therefore selves as a connection between 

the l u m bar and sacral plexuses. 

Autonomic Nerves of the Lumbar Region. The ab

dominal  and pelvic viscera receive their motor i n nerva

tion from autonomies derived from both the sympa

thetic and the parasympathetic nervous systems.  

Sensory nerves originating from the same visceral struc

tures a lso travel a lo ng the sympathetic a nd parasympa

thetic nerve fibers. The diffuse nature of the sympathetic 

a nd parasympathetic systems is  responsible for the 

equally difhlse nature of the sensory inn ervation that 

travels along with them. This is o ne reason pain from an 

abdominal. or pe lvic viscus may " refer" to a region some 

distance from the affected organ .  

Sympathetic innervation of the abdominal viscera is 

derived from two sources, the thoracic and lu mbar 

splanchnic nerves. The parasympathetics are supplied 

by e i ther the left a n d  right vagus nerves or the pelvic 

spl anchnic nerves. The clin ical  relevance and the spe

cHic nerves that comprise both the sympathetic and the 

parasympathetic divisions of the autonomic nervous sys

tem are d iscussed in deta i l  i n  Chapter 1 0 .  

Vessels of the Abdomen Related to the 
Spine 

This synopsis of the arteries and veins of the abdomen is 

inc luded because of the c l ose relationship of the ab

dominal  vessels to the anterior and anterolateral aspects 

of the lumbar vertebral bodies and the lumbar IVDs. This 

section is by n o  means complete; i t  is meant to provide 

a ready reference tor the student a nd the clinician. 

Abdominal Aorta and its Branches. Three large, 

unpa i red b ranches of the aorta - the celiac trunk, the su

perior mesenteric artery, a nd the inferior m esen terie 

artery-eXit the anterior aspect of the abdominal aorta 

and supply the gastrointestinal tract from the stomach to 

t he superior aspect of the rectum. In add ition, the celiac 

t ru n k  suppl.ies the spleen, l iver, gallbladd er, and a large 

part of the pancreas. Paired branches of the abdominal  

aorta are a lso present throughout its length and are 

closely related to the posterior abdominal wall .  For t h is 

reason, they are more relt: ant to our current disc ussion 

(Fig. 7-22) . The paired branches of the abdominal aorta 

are listed and brielly di�Cllsscd next. 

• Inferior jJhrenic artety. The left and right inferior 

phreniC arteries bra nch from the aorta as it enters the 

abdominal cavity through the aortic h iatu s .  Each 

courses superiorly to supply the postcroinferior aspect 

of the diaph ragm amI , alo ng its way , gives many SUP(;

rior suprare nal  (ad renal) arteries. 

• Middle suprarenal (adrena/) arteries. These are sev

eral paired branches that run directly to the adrenal 

gland. 

• Renal arteJY. The large left and right re nal a rteries 

course behind the renal veins to en ter the hi lw; of the 

left ancl right kidneys. At the hilus, each divides into 

five branches (four anterior and one posterior) that 

supply the five renal a rteria l  segments. 

• Gonadal artery (testicular artery in th male and ovar

ian artery in the female) . The left and right gonadal ar

teries arise from the a nteriur aspect of the abdominal 

aorta in a staggered fashion. That is ,  one of the arteries 

(usually the left) originates lip to several centimeters 

superior to tbe other. The gonadal vessels have a long 

inferolateral cou rse within the abd omen and pelvis .  

The testicu lar artery of each side enters the deep in

guinal ring on its way to the testes. The left and right 

ovarian vessds enter the pelvis by crossing the e xter

nal i l iac artery of the same side before supply i ng the 

oval)' 

• Lumbar arteries. These are four paired segmental ar

teries that arise from the posterolateral aspect of the 

aorta . They pass laterally along the vertcbral bodies, 

a nd each arrel), divides into an anterior ami a posterior 

bra nch. The anterior branches of the lumbar arteries 

supply the inferior half of the anterolatera l  abdominal 

wall. Each posterior branch provides a spina l  branch 

(ramus), which is an important contribution to the vas

culature of the vert bra l canal a nd its contents (sec 

Chapters 2 and 3 ) .  The posterior bra n '11 of the lumbar 

segmental artery conti nues posteriorly to supply the 

m uscles and the skin of the back. 

• Median (middle) sacral artery. This is a small,  un

paired arrel)' that arises from the posterior aspect of 

the abdominal aorta just before its bifurcation into 

right ami left common i l iac arteries. The median sacral 

artery passes i nferiorly a long the midline of the ante

rior saCDl m .  

Veins of the Abdomell . The two la rg � veins of the 

abdomen are the portal vei n and the inferior vena cava 
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FIG. 7- 22 Important vessels of the abdomen related to the lumbar verr.ebral column . 

(IVC) . The portal vei n  receives the blood from the entire 

gastrointestinal tract anc! the spleen and pancreas.  The 

IVe receives blood from the remainder of the abdominal 

and p elvic viscera and the lower extremities. I n  general 

the venous return to the rve follows a similar course to 

that of the arterial supply. Some unique features of 

the abdominal venous system a re l isted next. 

• Hepatic veins. These veins drain the liver and empty 

into the lVe as i t  passes through the fossa for the infe
rior vena cava. This occurs along the posteroinferior 

surface of the liver. 

• Renal veins. These tributaries of the rve drain the kid

neys. The right renal vei n  communicates with the azy

gos vein, whereas the left renal vein communicates 

with the hemiazygos vei n .  The azygos and hemiazygos 

veins course along the right and left sides of the upper 

lumbar vertebral bod ies, respectively. 

• Ascending lumbar veins. The right and left ascending 

lumbar veins course superiorly along the posterior 

anc! lateral aspects of the lumbar vertebral bodies. 

They receive tributaries from both the i n ternal and 

the external vertebral venous plexuses.  Superiorly, the 

right and left ascending lumbar veins communicate 

with the azygos and hemiazygos veins, respectively . 
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The Sacrum, Sacroiliac Joint, 
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This chapter begins with a discllssion of the bony 

sacrum. Then, because of its clinical significance, the 

sacroiliac joint is covered in detail. This is foUowed by a 

discussion of the anatomy of the coccyx. 

THE SACRUM 
The sacrum is composed of five fused vertebral seg

ments. It is triangular in shape, and therefore the wider 
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superior surface of the sacrum is known as the base, 

and the smaller inferior surface is known as the apex 

(Figs. 8-1  and 8 -2). The sacrum is concave anteriorly 

(kl'photic), and, as with the other primal1' kyphosis 

(the thoraCiC region), its curvature helps to increase the 

size of a bony body cavity, in this case the pelvis. The 

sacrum is normally positioned so that its base is located 

anterior to its apex. Therefore the sacral curve faces an

teriorly and inferiorly (Williams et aI., 1989). The sacral 

curve is more pronounced in humans than in other 

mammals, including monkeys and apes. In addition, the 

human sacral curve is almost nonexistent in infants but 

becomes more pronounced with age (Abitbol, 1 989). 

The combination of the upright posture, the supine 

sleeping posture, and humans having a well-developed 

levator ani muscle are responsible for the increased 

sacral curve in humans. Abitbol (1 989) also found that 

the frequency of sleeping in the supine posture, and the 

younger the age when this posture was first assumed for 

sleeping, were positively associated with the size of the 

sacral curve. 

The sacrum ossifies much like any other vertebra, 

with one primary center located in the anterior and cen

trally located primitive vertebral body and one primary 

center in each posterior arch. Unique to the sacrum is 

that the costal elements develop separately and then 

fuse with the remainder of the posterior arch to form the 

solid mass of bone lateral to the pelvic sacral foramina. 

Secondary centers of ossification are rather complex, 

with centers developing on the superior and inferior as

pects of each sacral vertebral body, on the lateral ancl the 

anterior aspects of each costal element, on the spinous 

tubercles, and on the lateral (auricular) surface of the 

sacrum. Most centers fuse by approximately the 25th 

year of life, but ossification and fusion of individual 

segments continue until later in life. Early in develop

ment, fibrocartilage forms between sacral bodies. These 
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represent rudimentary intervertebral discs (IVDs) and 

usually become surrounded by bone as the sacral bodies 

fuse with one another. However, the central region of 

these "discs" usually remains unossified throughout life. 

Sacral Base 
The sacral base is composed of the first sacral segment. 

It has a large body that is the homologue of the vertebral 

bodies (Figs. 8-1 and 8-2). This body is wider from left to 

right than from front to back. The anterior lip of the 

sacral body is known as the promontory. The vertebral 

foramen of the first sacral segment is triangular in shape 

and forms the beginning of the sacral canal. This canal 

extends the length of the sacnlm. The pedicles of the 

first sacral segment are rather small and extend to the 

left and right laminae. The laminae of the first segment 

meet posteriorly to form the spinous tuhercle. The trans

verse processes (TPs) extend laterally and fuse with the 

costal elements to form the large left and right sacral ala, 

which are also known as the lateral sacral masses. Each 

lateral sacral mass is concave on its anterior surface, al

lowing it to accommodate the psoas major muscle. The 

psoas major passes across the sacrum before inserting 

onto the lesser trochanter of the femur. 

Extending superiorly from the posterior surface of the 

sacral base are the left and right articular processes. 

These processes generally face posteriorly and slightly 

medially. However, the plane in which these processes 

lie varies considerably (Dommisse & Louw, 1990). Their 

orientation ranges from nearly a coronal plane to al

most a sagittal one. These processes are also frequently 

asymmetric in orientation, with one process more coro

nally oriented and the other more sagittally oriented. 

Such asymmeh), is known as tropism and usually can be 

detected on standard anterior-posterior x-ray films. The 

superior articular processes possess articular facets on 

their posterior surfaces that articulate with the inferior 

articular facets of the L5 vertebra. The zygapophyseal 

joints (Z joints) formed by these articulations are more 

planar than those between two adjacent lumbar verte

brae, and they are usually much more coronally oriented 

than the lumbar Z joints (see Chapter 7). However, be

cause of the wide variation of the plane in which the su

perior articular processes lie, the olientation of the lum

bosacral Z joints also varies in corresponding fashion. 

Just lateral to the superior articular facets are the left 

and right superior sacral notches. These notches allow 

for passage of the left and right posterior primary divi

sions of the L5 spinal nerve. 

The muscular and ligamentous attachments to the 

sacral base and the anterior and posterior surfaces of the 

sacmm are listed in Table 8 -1. This table also provides 

the key anatomic relationships between these regions of 

the sacrum, and the neural, muscular, and vbceral stnlc

tures that contact them. 

Lateral Surface 
The lateral surface of the sacrum (Fig. 8-2) is composed 

of the TPs of the five sacral segments, fused with the 

Table 8-1 Attachments and Relationships to the 

Sacrum 

Surface Attachments or relationships 

Base 

Anterior Ligaments: anterior longitud inal, il iolu mba r, 

ventral sacroiliac 

Promontory Muscles: psoas major and iliacus (covt'r the 

Auricular 
(articular) 

surface 

FIG. 8-2 Lateral view of tile sacrum. 

Median 
sacral crest 

Sacral cornu 

Coccygea l 
cornu 

base) 

Nerves: lumbosacral trllnk (crosses over the 

base) 

Posterior Ligaments: posterior longitudinal, ligamentum 

tlavum (to lamina of SI), posterior sacroiliac 

Ventral Muscle: piriformis 

Dorsal 

Nerves: SI-4 ventral rami (SI-3 are anterior [0 

piriformis), sympathetic tflll1b (left and 

rigllt) 

Arteries: median sacral, lateral sacral (left and 

right), superior rectal 

Viscera: parietal pelitonellm (SI-3 bodies), sig

moid mesocolon (SI-3 bodies), reCnlnl (5)-'; 

bodies) 

Muscles: Erector spinae, multifidus (between 
median and lateral sacral crests) 

Data from Williams er al. (198<»). C;ray's a natom I' 07rl1 ed.). Edinhurgh: 

Churchill Livingstone. 



costal elements of the same segments. Thi s surface con
tains the auricular surface. The auricular surface of the 
sacrum articulates with the auricular surface o f  the i l

ium. The sacral auri cular surface is co ncave poste riorly 
and e xtends across the lateral aspe cts of three of the five 

sacral segments. Wi thi n the regio n formed by the con

cavity of the auricular surface are several e levations and 

depressions that serve as attachment sites for the liga
ments that suppo rt the sacroili ac jOint posterio rly. These 

ligaments and the sac roili ac joint are discussed in detai l 
late r in this chapter. Inferior to the auricular surface , the 
lateral surface of tbe sacrum curves me dial1y and be

come s thi nne r from anterior to poste rior. The i nferior  

and lateral angle of the sacrum is located at approxi
mately the level of the junction of  the fourth and fifth 
sacral seg ments. Below thi s angle the sac rum rapidly ta

pers to the sacral apex. The apex of the sacrum has an 
oval-shaped facet on i ts i nferior surface fo r articulation 
with a small (Ii sc betvveen the saCfllm and the coccyx. 

Sacral Canal and Sacral Foramina 

The sacral canal i s  co mposed of the ve rteb ral forami na of 

the five fused sacral segments. The left and right lateral 

walls of the c anal each contai n four i nterve rte bral fo ram

ina (lVFs) . Eac h IVF is co nti nuous laterally with a ve ntral 

(pe lvic) ancl dorsal sacral foramen. The sacral canal e nds 

inferiorly as the sac ral hiatus (see fo llowing discussion) .  
The c auda equina e xtends inferiorly through the be

ginni ng of the sacral canal and wi thin the subarachnoi d  
space. The arachnoid mate r and dura mate r end a t  ap

pro ximately the level of the S2 spinous tubercle . The 
sacral roots e xiting be low this le ve l must pie rce the i n

ferior aspec t of the arachnoid and dura to continue infe

rio rly through the sacral c anal. In the process, these 

roots receive a dural root sleeve. Dorsal and ventral roots 

unite withi n their dural sleeve to form a mixed spinal 

nerve amI then e xit  a sacral IVF. 

Structur . ... E. 'iting the Sacf<11 III; I", Both the left 

and the right S5 nerves and the coccygeal nerve o f  eac h  

side e xi t  the sacral hi atus just medial to the sacral cornua 
of the same side. They proceed inferiorly and laterally, 
wrapping around the i nferio r tip o f  the sac ral cornua 

(see Dorsal Surface). The posterior primary di visions 

(PPDs) of these nerves pass po steriorly and i nferiorly to 
supply sensOI), innervation to the skin o ver the cocc yx. 
The S5 and coccygeal ante rior pri mal)' divisions pass an

teriorly to pierce the co cc ygeus muscle and enter the in
ferior aspect o f  the pelvi s. Here they are joine d  by the 
ventral ramus of the S4 nerve to form the coccyge al 

plexus. Thi s small plexus gi ves o ff the anococL)'geal 

nerves that he lp to supply the skin adjace nt to the sacro

tubero us ligament. 

Also passing thro ug h the sacral hiatus is the end of the 

filum terminale . The fi lum terminale originate s from the 
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mo st i nferior aspect o f  the spi nal cord, where i t  is  
known as the filum terminale internum. It  passe s 
through the lumbar cistern of cerebro spi nal flui d (CSF) , 
pierces the i nferior aspe ct o f  the arachno i d  anc! dura (at 

apprOXi mately the level o f  the S2 segment) , and then 

beco mes known as the filum terminale e xternum. After 

e xiting the sacraJ h.i atus, the filum terminale externum 
attaches to the po sterior surface of the first cocc ygeal 
verte bral segment. 

Ventral Surface 

The junctions of the five fuse d sacral segments form 

lines that can be see n  runni ng acro ss the ce ntral aspe ct 

o f  the anterior, or  pelvic, surface o f  the sacrum. These 

junc tions are known as the line a transversa ri a (also 

known as transve rse lines, or  transverse ri dges). Rem

nants of the IVDs are located just deep to the transverse 
lines. These "discs" frequently remai n througho ut li fe 

and can be seen o n  standard x-ray films and o n  magnetic 
resonance i maglng (MRl) scans. The vertebral bo dies o f  
the five fuse d sacral segments lie between the transverse 

lines and medial to the pelvi c sacral foramina (Fig.  8-1). 
The ventral surface o f  the sacrum di splays four pai rs o f  

ventral (pe lvic, o r  anterio r) sacral fo rami na. These 

foramina are continuous posteriorly and me di ally with 

t he sacral IVFs. The sacral IVFs, i n  turn, are continuolls 

with the more me dially locate d sacral canal. The ante rior 

primary divisions (APDs) of  the SI through S4 sacral 
nerves e xit  the pelvic sacral foramina. The APDs are ac
companied within these o pe nings by branche s o f  the lat

eral and me dian sacral arteries  and by segmental vei ns. 

Locate d betvveen the pelvic sacral fo ramina of the same 

si de are the costal e le me nts. The costal e le ments fuse 
posteriorly with the TPs o f  the sacral segments. 

The muscular and ligamento us attachments to the an

terior surface o f  the sacrum are liste d i n  Table 8-1. AJso , 
Figs. 8-18 and 8-19 demonstrate the major  arterie s  and 
nerves associated with the ante rio r surface of the 

sacrum. 

Dorsal Surface 

The dorsal surface o f  the sacrum i s  i rregular i n  shape 

(Fig. 8-1).  The supe rior arti cular processe s e xtend from 

the superior aspect of the sacral base (see Sacral Base) . 
Four pai r o f  dorsal (poste rior) sacral foramina are 

located among the five fuse d sacral segments. These 

openings are conti nuous anterio rly with the IVFs of 
the sacral segments. The PPDs o f  the S 1 thro ugh S4 
mixe d  spi nal nerves e xit  through these ope nings. The 

PPDs are accompanied by small segmental arteries and 
vei ns. 

The poste rior surface of the sacrum contai ns five 

longitudinal ridges known as the median, intermedi ate 
(left and lig ht), and late ral (left and right) sacral crests 
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(Fig. 8-1 ) .  These crests are homologous to the spinous 

processes, articular processes, and the TPs of the rest of 
the spine, respectively. 

The median sacral crest is composed of four spinous 
tubercles that are fused with one another and form the 
posterior boundary of the sacral canal. Each sacral tu
bercle is formed by the union of the left and right lami
nae of the sacral vertebral segments. The median sacral 
crest ends as the only normally occurring spina bifida of 
the vertebral column. This is because the left and right 

laminae of the fifth sacral segment normally do not fuse, 
forming an opening at the inferior end of the sacral canal 
known as the sacral hiatus. 

The left and right intermediate, or medial, sacral crests 
are formed by four fused articular tubercles on each side 
of the sacmm (S2-5 tubercles; the Sl articular process is 
distinct) . The left and right fifth articular tubercles ex
tend inferiorly as the sacral cornua. The sacral cornua 
come to blunted tips inferiorly. They form the left and 
right inferior boundaries of the sacral hiatus. 

Finally, the left and right lateral sacral crests lie lateral 
to the dorsal sacral foramina. These crests are formed by 
the fused transverse tubercles of the five sacral seg
ments. 

The muscular and ligamentous attachments to the pos
terior surface of the sacrum are listed in Tabl e  8-1. 

Several differences exist between male and female 
sacra, although sometimes these changes may be very 
subtle. Generally the male sacrum is narrower from left 
to right and longer from superior to inferior than that of 

the female . The wider sacmm of the female results in a 
larger pelvic inlet (region bounded by the pecten of the 

pubis, the arcuate line of the ilium, the sacral ala, and the 
sacral promontory). A larger pelvic inlet results in more 
room for the passage of the fetal head during delivery. 
The sacmm in the female is also oriented slightly more 
horizontally than that of the male. This results in an in
crease of the lumbosacral angle. The ventral surface of 
the female pelvis is more concave than that of the male .  

This concavity provides more space in the pelvic cavity 
proper than would otherwise be the case, and it  also re

sul ts in a more prominent S2 spinous tubercle on the 
posterior surface of the female sacrum. 

Fusion of the L5 vertebra with the sacmm (sacraliza
tion) was discussed previously (see Chapter 7) . The first 
sacral segment may also separate from the sacrum. This 
is known as lumbarization. The separation may be com
plete but is lIsually unilateral, and a joint may develop 

between the TP of the lumbarized segment and the re

mainder of the sacmm. Also, the first coccygeal segment 
may fuse with the sacrum. 

Sacrococcygeal Joint 

A fibrocartilaginous disc typically exists between the 
apex of the sacrum and the coccyx, making this joint a 

symphysis. However, occasionally a synovial joint devel

ops' here. At the other extreme, this region may com
pletely fuse in some older individuals (Williams et a\ . ,  

1 989). 
Table 8-2 lists all the ligaments of the sacrococcygeal 

joint by their coccygeal attachments, as well as the mus
cles attaching to the coccyx. 

CLINICAL IMPliCATIONS 

Sacral fractures are present in as many as 45% of pelvic 
fractures (Gibbons et a\ . ,  1990). These fractures may go 
undetected if caudal, cephalic, and oblique x-ray exami
nations of the pelvis are not performed. Fractures of the 

sacrum can damage the APDs of the lumbosacral plexus, 
and fractures invol ving the sacral canal may affect the 
sacral roots before they are able to exit the sacmm. 

Gibbons, Soloniuk, & Razack (1 990) found neurologic 
defiCits in 34% of patients with sacral fractures. They 
also noted that the neurologic deficits usually improved 
with time. The presence and type of nerve injll1y corre

lated with the type of sacral fracture. Patients with in
juries that involved only the sacral ala had the lowest in
cidence of neurologic defiCit, although L5 or Sl radicll
lopathy was found in 24%. The mechanism of 1.5 
radiculopathy was thought to be caused by entrapment 
of the APD of 1 .5 between the fractured, superiorly dis
placed ala and the TP of 1 .5. 

Gibbons and colleagues (1990) also found that frac
tures involving the pelvic sacral foramina were usually 

vertical fractures that passed through all four foramina 
of one side. These injuries were always associated 
with other pelvic fractures and had a 29% incidence 

Table 8-2 Attachments and Relationships to the 
Coccyx 

Surface 

Anterior 

Attacrunents or Relationsh.ips 

Pubococcygeus, illiococcygeus, and ischiococ

cygeus (coccygeus) muscles, ventral sacrococ

cygeal ligament (Similar to anterior longitudinal 

ligament) 

Postetior Gluteus maximus and sphincter ani extern us (to 

tip of apex) muscles, intercornual ligaments, 

deep and superficial dorsal sacrococcygeal liga

ment," filum terminale externum 

Lateral Lateral sacrococcygeal ligament (from transverse 

process of coccyx to inferolateral angle of 

sacrum) 

Data from Williams et al. (1989). Gray's Anatomy (37th ed) 

Edinburgh: ChurchiU Livingstone. 

'The superfiCial part mns becween the sacral cornua (it closes the in
ferior aspect of the sacral canal at the sacral hiatus). The deep part is 

Similar in location (and function) to the posterior longitudinal liga

ment. The filum lcrm.inale externum passes between the twO parts of 

lhis ligament before atraching to the coccyx. 



(two of seven fractures) of unilateral L5 or S 1 nerve root 
involvement. However, bowei and bladder function was 
maintained because a bilateral lesion is required to affect 
these functions. 

Fractures involving the sacral canal can be either 

transverse (horizontal) or vertical and have the greatest 

chance of causing nerve damage (57'X, with horizontal 

and 60% with vertical) . Vertical fractures are usually as

sociated with other pelvic fractures anel can result in 
bladder and bowel dysfunction (Gibbons et aI. , 1990) . 

Horizont;11 fractures of the sacmm affecting the sacral 

canal are not necessarily associated with other pelvic 
fractures. They could be isolated injuries caused by a di
rect blow as might occur from a long fall. The inferior 
fragment is sometimes considerably displaced and se

vere neurologic deficits, involving bladder and bowel 

functions, can occur if the fracture is above the S4 seg
ment (Gibbons et aI. , 1990). 

SACROILIAC JOINT 

General Considerations 

The degree to which low back pain is caused by patho

logic conditions or dysfunction of the sacroiliac joint 
(SIJ) has been discussed for many decades. The SI] is 

now gaining added attention as a primary source of low 

back pai.n (Cassidy & Mierau, 1 992) . One reason for thiS 
is that herniation of the IVO is now known to be a rather 
infrequent cause of low back pain, accounting for less 
than 10% of the pain in this region (Cassidy & Mierau, 

1 992) .  On the other hand, pain ariSing from the S1] is re
ported to account for more than 2 0% of low back pain 
(Kirkalely-Willis, 1988) and may be implicated to some 

extent in more than 50'Yc, of patients with low back pain 
(Cassidy & Mierau, 1992) . This makes the SI) an area of 

significant clinical importance. An understanding of the 

unique and interesting anatomy of this joint is essential 
before a clinician can properly diagnose and treat pain 
ariSing from this articulation. 

The pelvic ring possesses five distinctly different types 
of joints: rhe lumbosacral Z joints, the anterior lum

bosacral, coxal (hip) , SU, ancl symphysis pubiS. The dy

namic interactions between these joints are not well un

derstood. Since the pelvic ring is complex and involves 

a total of eight joints (left and right Z joints, coxals and 

SUs; plus the single lumbosacral joint and the pubiC sym

physis) , any change in the trunk or lower extremity is 
compensated in some way by the complicated dynamiC 
mechanism of the pelvic ring (Oremp & Hierholzer, 
1987; Fidler & Plasmans, 1983; Grieve, 1 98 1; LaBan et 

aI., 1 978; Lichtblau, 19 62; Sandoz, 1978; Wallheim, 
Olerud, & Ribbe, 1984; Winterstein, 1972). In fact, a 

survey of the pelvic rings of asymptomatic school chil
dren 7 to 8 years of age revealed distortion (asym

metl)') in 40% of them. Surgical removal of graft material 

from the pelvic bone (iliac crest) also canses distortion 
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of the pelvic ring (Beal, 1982; Oiakow, Cassidy, & 
Dekorompay, 1 983; Grieve, 1 975) . 

The SI) and the symphysis pubis move very little. At 
first inspection, what little motion they have may seem 

enigmatic at best. Some authors have stated that the sole 

function of these two joints simply is to widen the pelvic 

ring during pregnancy and partllfition. The joints aided 

in this action by the hormone relaxin (Bellamy, Park, & 
Rodney, 1983; Simkins, 1952) . Others believe the SI)s 
move during many activities. An incomplete list of activ
ities thought to enlist the movement of the SI) include 
the following: locomotion, spinal and thigh movement, 

and changes of pOSition (from lying to standing, standing 
to sitting, etc.) . 

The SI) is thought to move only 2 mm and 2 0, but this 
small amollnt of movement is complex (Bn1l1ner, 

J(jssling, & Jacob, 199 1 ;  Colachis et al. , 1963; Pitkin & 
Pheasant, 1 9 36b; 5turesson, 1989; Weisl, 1955; Wood, 
1985) .  Janse (1 978) stated that the function of move
ment in the SI) is to convert the pelvis into a resilient, ac
commodating receptacle essential to the ease of loco

motion, weight bearing, and shock absorption. This is in 

agreement with other authors (OonTigny, 1990; King, 
1 99 1 )  who state that the function of SI] is to buffer, ab

sorb, direct, and compensate for forces generated from 

above (gravity, carrying the torso, and muscle action) 

and below (forces received during standing and locomo
tion) . 

i u .' r' . 

Differences between humarts and quadrupeds. 

The pelvis tilts anter<iorly and inferiorly in the bipedal 

human, and the 51] is aligned in parallel fashion with the 

vertebral column, whereas the pelviS of quadmpeclal an

imals is tilted more posteIioriy. The SI] of the bipedal hu

nlan has other differences associated with a two-legged 

stance. These include the articulating surfaces of the SIJ 
that are shaped like an inverted L, the interosseous liga

ments that are more substantial and stronger posteriorly, 
and the many bony interlockings between the sacrum 
ancl the ilium that develop with age (Walker, 1 98 6) .  

Differences among humans. The weight of the hu

man tmnk is transmitted by graVity through the lum

bosacral joint and is then divided onto the right and ldt 

SI]s. In addition, the ground reaction, or bouncing force, 

is transmitted through the hip joints and also acts on the 
SI]s. Adapting to the bipedal requi.rements of mobility 
and stability may account for the tremendous amount of 
variation and asymmetry found in the human SI]. The 
joint structure and the surface contours of the SI] have 
changes associated with age, sex, and the mechanical 
loads that are placed on them (Walker, 1986). Therefore 

the functional requirements of the S1], to a great extent, 
may influence the structural changes founu in them 

(Weisl, 1954a). For example, one may speculate that in 
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younger perso ns, females around the time of parturition, 

and in athletes, more mobility is required in the SIJ, On 
the other hand, more stability is required in o lder per

sons, in males (generally larger body weight) ,  and in 

t hose who frequently carry heavy weights. This stability 

may be pro vided by the develo pment of stronger in

tero sseo us ligaments and a more promi nent series of  
hony interlockings (Table 8 -3) . Also, the osteophytes and 
ankylOSiS frequ ently seen i n  the SU s of older i ndividuals 

may develop to increase stabili ty. 

Structure 

(. ' u'nl nll,lliollS Iii. The SI] is an articulation be 

tween the auricular surface of the lateral aspe ct o f  the 
sacrum and the auricular surface of the me dial aspe ct of  

the i lium (see Figs. 8 -6 and 8 -7) .  Previously this joint was 

classified as an amphiarthrosis. However, the SI} i s  now 
classified as an atypical synovial joint with a well-defined 

joi nt space and two opposing articu lar surface s (Cassidy 

& Mierau, 1992) . Each auri cular surface is shaped like an 
i nverted L (Wi lliams et aI. , 1989). Other authors have de

scribed it as bei ng C shaped (Cassidy & Mierau, 1 992) . 
The superior limb o f  this surface is orie nted posteriorly 

and superiorly, and the infe rior limb is orie nteel posteri

orly and inferiorly (Figs. 8 -3 to 8 -7) .  An articular capsule 
lines the SIJs anteri or aspect, whereas the STTs posterior 

aspect is covered by the interosseous sacroi li ac (S-I) lig

ament. No articular capsule has been found along the 

posterio r joint surface. 

The sacral auricular surface has a longitudinal groove, 
known as the sacral groove , along i ts ce nter that extends 

from the upper end to the lower end. The posterior ri m 
of this groove is thick and is known as the sacral tu beros
i ty. The iliac auricular surface has a longi tudinal ri dge, 

known as the i liac ridge, \vhich corresponds to the 
sacral groove. The inferior end o f  this i liac ridge e nds 

as the posterior inferior i li ac spine (PUS). The sacral 

groove and the iliac ridge interlo ck for stability and help 

to guide movement of the SI] (Table 8 -3 and Figs. 8 -8 

and 8 -9). 
The region within the posterior concavity of  the SI} is 

covereel by the interosseous sacroili ac ligament and con
sists of three fossae (Fig. 8 -9). The mi ddle fossa is the al)

proximate lo cation of the axis of S\I ro tation. It is ap
pro ximately a ro und this fossa that the iliac ridge mo ves 

circu larly in the sacral groove. Posterior to the auricular 
surface of the ilium is the iliac tuberosity. The anterio r 
aspect of the iliac tuberosity inserts into the middle 

sacral fossa, creati ng a pivot around which the i liac ridge 

turns withi n the sacral groove (Bakland & Hanse, 198 4) 
(Table 8 -3). Between the i liac tuberosity anc! the iliac 

ridge there is a sulcus. The sulcu s pro motes stabi lity by 
interlo cking wi th the sacral tubero sity (see fo llo wing dis
cussion) . Finally, ante rior and superior to the iliac tu
bero sity is a clepression that interlocks with an additional 

elevatio n  on the posterior  and superior surface of the 

sacral ala (alar tuberosity) . There fore, stability of the SIJ 

is pro moted by a series o f  "tongue and grooves." Figs. 

8-8 and 8 -9 show this seri es of interlocki ng elevations 
and depressions that aiel the stability of  the SI] , ancl Table 
8-3 summarizes the tongue and groove relationships be
tween these "hills and valleys." This series of interlock
ing prominences and depreSSio ns become mo re en
hanced and irregular with age. 

II "JII)( U ... 

Articular capsule. The fibrous articular capsule of  

the SIJ is  only lo cate d along the anterior surface of the 

joint (Fig. 8 - 1 0) .  It i s  lined interna lly with a syno vial 

membrane ami is innervated with noci ceptive and pro 
prio ceptive nerve endings. No articular capsule is lo
cate d along the po sterior border of the SIJ. 

Interosseous sacroiliac (S-I) ligament. The in
terosseous ligament o f  each SI] co nnects the three sacral 

fossae (see previous section) to the area around the i liac 

tuberosity (Figs. 8 -8 to 8-15) . The interosseous ligament 

consists of superficial amI deep layers. Fur ther, the deep 

laye r h as a crani al band and a caudal band. The cranial 
band is oriented transversely, and the caudal band is ori
ented more vertically. The superfiCial layer is membra
nous and is  co vere d by the posterior Sol ligaments (long 
and short) . Nerves and blood vesse ls pass between the 

posterior sacroiliac ligament and the superficial layer o f  

the interosseous ligament. Since there is no posterior 

joint capsule of the SlJ, the interosseolls S-l ligament is 

what li mits the SlJ posterio rly. 

A small band, known as the superio r intra capsular lig
ament, or  Illi's ligament (Illi, 1 9 51; .lanse, 197 6) ,  has 
been found to extend between the su perior aspects 
o f  the sacral and i li ac auricular surfaces in 7 5'X) of 31 
cadavers stu died (Free man, Fox, & Ri chards, 1990) . 
This ligament may be an anterior and superior e xtension 

Table 8-3 "Tongue and Groove" Iklarionships 

(Bony Interlockings) Between the 
Sacrum and thl: Ilium" 

Sacral E or 0 Iliac E or 0 

Sacral groove (D) Iliac ridge (E) 

i\'liddle sacral fossa Iliac tuberosity (E) 

(see texr) (D) 

Sacral tu berosity (E) Sulcus between iliac ridge and iliac 
tuherosity (iliac sulcus) (D) 

Additional elevation Depression anterior and superior to il-
on posterior anc! i ac tuberosity (D) 

superior surface 

of sacral ala (alar 

tuberosity) (E) 

E, Elevation; I), c1crression. 

"Comrare with Fig. 8-9. 
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I l i u m 

Sacral a la 
A 

Body of pubis  

FI( • .  8-.� A, Anterior, ancl B, anterior o l1 1 ique views of the bony pe lvis. The an terior aspecl 

of the left and right sacroiliac joints (SUs) can be seen. The large arrows in A indicate the forces 
received hy the SI]�. Notice that the SI]s receive forces from above and belmy. Those from 

above are generated primarily from carrying the weight of the tnl l1k, other weight lifted by the 

upper cxtremit ies, and forces generated d u ri ng pushing or bending. Forces from below are 

generated primarily from the lower extremities during ,"alk ing, n ll1ning,  ancl so on and are 

transmitted through the acetabula.  Forces from below can also be transmitted through the is-

chial  tuberosities d u ri ng Sitting. 

of the interosseolls 5-1 ligamen t,  but Freeman ami col

leagues ( 1 990) fou nd that it was quite disti nct.  The su

perior  intracapsular l igament may have relatively little 

biomechanical value.  

Anterior sacroiliac ligament. The pelvic su rface of 

each SIJ is covered by the anterior, or ventral ,  S-I Iiga

mel1l (Fig. 8- 1 1 ) The ventral S-I l igament passes across 

the anterior aspect of the S1] in the hOllzontal plane. It 

does not support as strongly as either the interosseous 

or the posterior S-I ligaments. The ventral S-I l igament 

fuses with the articular capsule of the pelvic side of the 

S1] and is thicker infCllorly, near the region of the poste

rior inferior il iac s pine (Freeman et a I . ,  1 990; Weisl, 

1 95ftb) 

Posterior sacroiliac ligament. The posterior (dor

sal) sacroil iac (S-l) l igament is made up of two rather dis

tinct parts, which are l isted next (Figs. 8-1 1 and 8-1 2) 

(,0 I I  lirlll erl. 

• Long posterior sacrOiliac (S-I) ligament: This liga

ment originates from the posterior su perior iliac spine 

and the sacral tubercles of S3 and S· i ,  I t  runs vert ically 

a long the posterior aspect of the 5U a nd ends by blend

ing inferiorly with the sacrotuberous ligament. 

• Short poster-io1' sacroiliac (S-l) ligament. Tllis  l iga

ment originates from the sacral l u bercles of S l  and S2 .  

I t  runs i n  t ile h orizontal plane covering the SI] poste

riorly, and attaches to the medial aspect of tl1t· poste

rior surface of the iliac crest a nd t he iliac tuberosity.  

Accessory sacroiliac ligametlls. The slability of 

the SO is enhanced by two accessol)' 5-1 ligaments (Fig. 

8-1 1) .  A third ligament, the il iolum bar I iga menl (see 

Chap ter 7 and Fig. 8- 1 2), also provides stabil ity to the 

region.  

• Sacrotuherous ligament This ligamenl funs inferiorly 

and latera lly from the posterior and inferior aspec l or 

the sacrum to the isch ia l tuberosity. The lesser sc ia t ic 
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HG. H-3, cont'd. B, Ante1'ior oblique view of the bony pelvis. 
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U(,. K-t Posterior view of the pelvis Several sacral fossae associated with the sacroiliac 

joint are vis ible from this perspective. 
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Posterior superior 
iliac spine 

Median 
sacral crest 

Sacral cornu 

FIG. 8-5 Close-up of the posterior aspect of the sacroiliac joint, showing the normal 

anatomic relationships of the sacrum and the ilium. 

foramen is formed between this ligament and the 

sacrospinous ligament. 

• Sacrospinous ligament. This l igament runs from the 

anterior surface of the sacrum (fused second, third, 

anel fourth segments) to the spine of the ischium (Fig. 

8-1 1).  The greater sciatic foramen is located superior 

to this ligament. 

The sacrotuberous and sacrospinous l igaments help 

to limit the small amount of anterior and inferior nod

ding (nutational) motion of the sacrum at the SU . This 

is accomplished by restricting the amount the sacral 

apex can move posteriorly and superiorly when the 

promontory of the sacrum moves anteliorly and infe

riorly. 

. ltiolumbar ligament. The i l iolumbar l igament con

nects the iliac crest with the adjacent TP of the L5 

vertebra. Part of the iliolumbar ligament (lumbosacral 

ligament, see Fig. 8-1 8) attaches to the anterior and Sll

perior part of the sacrum (see Chapter 7). The ili

olumbar ligament helps to limit lateral tilting of the 

pelvis and gapping of the SU. 

Arterial Supply and Venous Drainage 

Both the anterior and posterior aspects of the SI] arc 

served by the superior branch of the lateral sacral artel1' 

and vein,  which are branches of the intema'l iliac artery 
and vei n ,  respectively. These vessels anastomose with 
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FIG. �·6 Lateral view of the sacrum demonstrating several structures that help to form the 

sacroiliac joint. 

the superfic ial  bra nch of the su perior gluteal artery and 

vein (W illiams et a ! . ,  1 989). Figs. 8- 1 8  ancl 8-19  de mon
strate the ma jor arte ries a nd nerves associate d  with the 

a nterior surfa ce of the SJ]. 

Innervation 
The SU is rich ly i nnervated, and the joint capsule pos

sesses both nociceptors (pain re ceptors) and proprio

ce ptors (joint positi on sensation receptors). This would 

indica te that the sensory receptors of the SlJ relay infor

mation rela te d to movement and j oint posi tion and in do
i ng so ma y help to keep the body upright and balanced. 
The most pai n-sensitive structures  in this region a re the 

posterior inferior ilia c spine and the superior portion of 
the sa croiliac fi ssure (Norma n & May, 1 9 56; Pitkin & 
Phea sant, 1 9.3 6a) The spe cifi c  innervation of the SI] is 
quite varia ble , even between the left a nd light sicle s of 

the sa me individual. 

The anterior (pelvic) part of the Sl] is innerva tecl by 
the APDs of L2 throu gh S2 (Bernard & Cassidy ,  1 993), 

with L4 a nd L5 bei ng the most frequent source of inner

vation (Ca ssicly & Mierau,  1 99 2 ). The posteri or pa rt of 

the SI], accorcl ing to most auth ors, is i nne rva ted hI' PPDs 
of S 1 and S2. However, the innervation of t his part of the 
joint is probably more extensive than just the upper 
sacra l segme nts. Bernard a nd Cas sidy ( 1 993) state tha t 
the posterior part of the Sl./ is innervated by the lateral  
branches of the PPDs of L4 to S3. Ro ( 1 990) ha� demon
strated tha t  the la tera l  branch of the L5 P1'D can extend 
inferiorly a nd pass between the superfic ia l laye r of the 

interosseous (S-l) ligament and the posterior Sol l iga

mcnt. 
The variable innervati on of the SI] from person to per

son a nd even !i-om the left to the ri gh t  side of the same 

pe rson, may be one reason for the wide range of pa in 
referral patterns de scribed by patients experienCing 

discomfort of SlJ origin (Bernard & CaSSidy, 1993) .  
Furthermore, the wide va ria tion of referra l patterns may 

help to explain the difficulty resea rchers ami c li nicians 

have had i n  i dentifying the incidence with w hich SlJ dys

func tion occurs. 

A portion of the sac ral  plexus is forme d a long the a n
terior surface of the SlJ .  f igs. 8 -1 8  and 8 - 1 9 c.l 'lllOnsf ratc 
tbe rela tionsh ip of the sac ra l  plexus to the anterior as
pec t  of the SIJ. 
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I l iac tuberosity 
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Posterior in ferior 
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FIG. 8-7 Medial surface of [he posterior i l ium of a dried 

skeletal specimen. Several structures that participate in the for

mation of [he sacroiliac jOint are demonstrate d .  

Microscopic Anatomy 

The histologic makeup of the carti lage lining the auricu

lar surface of the sacrum Jiffers from that lining the au

ricular su rface of the i l ium.  The sacral surface is l ined by 

hyaline cartilage, and the iliac su rface is lined by what is 

best desc ribed as fibrocartilage. The hyaline cartilage of 

the adult sacral surface is three times thicker than the 

cartilage of the i liac surface. Large, round,  paired chon

drocytes are distributed throughout the hyaline matri.,'{ 

of the sacral auricular surface and are arranged in 

columns parallel to the articulating surface. The hyaline 

cartilage is homogeneous with a smal l  amount of fibrous 

tissue . Its smooth su rface aids the gliding motion of the 

joint.  

The iliac cartilage is thin (approxi mately 1 mOl) and 

contains smal ler spindle-shaped cho mlrocytes clumped 

in a fibrous matrix. The cell columns are oriented at  right 

angles to the surface. Postpartum the i liac cartHage de-

generates early, and the amount of fibrous tissue in

creases. The sacral cartilage degenerates throughout life, 

and in later adult life it may appear fibrous as wel l  

(Bowen & Cassidy, 1 98 1 ;  Paquin e t  aI . , 1983;  Sashin, 

1 929) . 

Development 

The SI) begins development during the seventh week of 

fetal life with the il ia moving superiorly and also poste

rior to the sacrum. During the eighth week of develop

ment, the mesenchyme between the two bones be

comes arranged into three layers. At the tenth week, 

multiple cavities develop in the mesenchyme. These cav

ities are separated by septa, which disappear by the lime 

the fetus reaches term , The sacral hyaline cartilage de

velops first, fo Uowed by the development of the iliac sur

face. At birth the sacral hyal ine cart i lage is thick and 
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f[( .. 8·8 View � imi lar to that seen 

i n l' ig.  H-7, o n l y  with more soft tissue 

visible on this cadaveric s pecime n .  
T h e  auricular  surface can b e  readi ly 

identified on tll L'i medial  surbce of 

the posterior i l i u m .  Aho notice the 

Cllt hbers o f  t ile interosseous sao-o i l

iac l igament.  

a I most fu lly d eveloped , whereas t h e  iliac carti Jage is t h i n  

and irregular. The iliac surface has t h e  appearance of fi

brocarti lage by the time of infancy (Cassidy & Micra u ,  

1 992) . 
Before puberty, both sacral and i l iac auricular surfaces 

are flat ,  stra ight ,  and vertically oriented (Beal , 1 982). The 

joint ca n  conceivably have a gliding movement in any di
rect io n .  being restlicted only by l igaments. After p uberty 

the auric u la r  surfaces change shape to form a horizontal 

and vertical l imb. The horizontal l imb, which can be 

longer than the vertical l i m b ,  is possibly formed to aid 

stabiJ ity (Otter, 1 985).  Also d u ring t h i s  t ime the longitu

d i n a l  groove is t{)rmeci in the sacral auricular surface.  

This groove runs from top to botto m ,  down the center 

of t h is surface. The. correspon ding i l iac ridge develops si

multaneollsly on the i l iac auricular surface. The inter

locking groove and ridge l i m i t  the d i rection of molion,  

but increase stabil ity .  

During the third decade of l ife, the int erosseolls l iga

ments are strengthened . The man)' bony tuberosities ami 

corresp onding grooves and fossae develop and probably 

increase the stabi l i ty of the SIJ by their i nterlocking rela

tionsh ips (see Table 8-3 and Fig. 8-9) . From the fourth 

Auricular surface 

Interosseous 
sacroiliac ligament 

decade of life, margi.nal osteophytes frequently begin to 
develop, particularly on the anterior and s uperior por
t ion of the Sf] a long the articular capsule. These degen
erative changes develop earlier in the male.  They proba

bly increase stabi l i ty of the joint ,  a t  the expense of 

decreased joint mobil ity. In later l i fe the ca rtilage 

undergoes degene ratio n and further marginal ankylosis 

develops. Total fibrous all1-.-ylosis Ill:!.y eventually occur. 

Afler the eighth decade of l i fe ,  SU mobil i ty is  usually 

lost completely, making body movement stiff (Walker. 

1 986) 

Sacroiliac Joint Motion 
The SU provides substantial ,  yet resi l ient,  stabi l i ty to the 

region between the spine a nd the lower extremities 

whUe also a llowing for sl ight mob i l ity to occur between 

the sacmm a nd the i l ium.  The SI) bas a sma l l  amount of 

movement (Egund et a I . ,  1 978; Frigerio, Stowe, & H owe , 

1 974 ; Solonen, 1 957), but the movement is difficult  to 

evaluate because of its location deep to tbe origin of the 

erector spinae muscle group, the posterior S-J l igament, 

and the inLerosseous S-T ligament.  SI.J movement is three 
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I n ferior 
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I l iac tuberosity 
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I l iac ridge 

HG. 8 9  i'vlediaJ surfaces of the riglu side of the sacrum and the right i l ium. The series of el

evations and depressions associated with the sacroiliac joint (SI]) are accentuated i n  this illus

tratio n .  These elevations and depressions are thought to h e l p  increase stability of the 51] .  

Table 8-� lists the important elevations and depressions o f  t h e  SU o  

dimensional and contains several elements. The primary 

movements appear to be anteroinferior to posterosupe

rior nodding (called nutation) of the sacral base in rela

tion to the ilium (Fig. 8- 16 ,  B). Th is represents rotation 

along the sacral groove, with the center of rotation lo

cated in the middle sacral fossa of the SI] . 

Another type of movement is rotatory movement 

along an axis that passes longitudinally through the iliac 

ridge of the SI] (Fig, 8-1 6, C). The movement of the pos

terior aspect of the ilium in this case is superomedial 

and inferolateral. Although the iliac ridge may move 

only 2 mm during this type of movement, the distance 

between the two anterosuperior iliac spines increases 

or decreases by as much as 10 mm (Ehara, EI-Khoury , 

& Bergman, 1 988; Hadley, 1 952 ;  Wilder, Pope, & 

Frymoyer, 1 980) 

Gapping of the superior and inferior aspects of the SlJ 

has also been described . This could be interpretecl as a 

third type of SI] motion (Fig. 8-16, A). 
Initiation of SU movements are made by the vertebral 

column and the lower extremities . The forces ind ucing 

SI] motion are gravity (tnll1 k weight), grouncl reaction 

(bouncing) force, and muscle contraction. Postural 

changes of the vertebral. column (during lying, sitting, 

stand ing) and motion of the vertebral column (flexion, 

extension, rotation) cause the sacmm to move relative 

to the ilium. Change of thigh position (e.g . ,  during sit

ting, standing, standing on one leg) and active motion of 

the thigh during flexion, extension, abduction, adduc

tion, and rotation cause the iliac surface of the SI] to 

move relative to the sacral surface of the SI]. In addition, 

abd uction and adduction of the th igh causes a certain 
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FIG. 8- 10 Posterior view of an opened right sacroiliac joint demonstrating some of the im
portant bony and soft tissue components. Notice the articular capsule is found only anteriorly. 

Posteriorly the in terosseous sacroiliac ligament supports the jOint. This ligament is shown torn 

to i l lustrate the deeper Structu res of the opened joint. 

amount of gapping motion. The mechanism of walk ing 

is extremely complex, thereby causing movements of 

the ST] to be complicate d .  

Even though there appears to b e  no muscle specifi

cally designed for movement of the ST], approximately 

40 muscles can influence this joint. Some of the most im

portant are the erector spinae, quadratus lumborum, 

multifidus, iliopsoas, rectus abdominis, gluteus maxi

mus, and piriformis muscles (Fligg, 1 986). 

As mentioned previously, stability is increased and 

mobility is decreased with age. Until pu berty, stability is 

maintained primarily by ligaments. After puberty, the 

bony interlockings that enhance stability begin to form 

(see Table 8-3 and Fig. 8-9) . Recall that after the fourth 

decade of life, osteophytes are formed and ankylosis may 

begin to occur, increasing stability. Near the eighth 

decade of l ife, total fibrous degeneration develops for 

stability, and consequently, SI) movement usually com

pletely stops at about this age . 

Clinical Considerations 

Disordt:rs of lht: Sacroil iac Joint. Because of its 

role in weight bearing and perhaps also because of its 

un ique anatomy, the S1) can become a source of pain. 

This section briefly highlights some of the most common 

causes of pain arising from this clinically important ar

tic u lation. Brief mention also is made of the most impor

tant factors involved in the clinical evaluation of the S1) .  

Also, some o f  the most common methods currently used 

to treat SI) dysfunction are mentioned in this section. 

However, a complete consideration of the pathologic 

conditions, diagnosis, and treatment of ST] disorders is 

beyond the scope of this book. 

Trauma and repeated minor forces can cause S1] dis

orders. Examples of minor forces include those received 

wh.i1e driving for long periods over rough terrain or 

wh ile driving on poorly maintained roads in a vehicle 

with inadequate suspension (Abel, 1 950). The SI) re

ceives its greatest stresses from below during Sitting. 
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Long posterior 
sacro i l iac l igament Sacrospinous 

�-----T-- ligament 

-�--T---'I---_ Sacrotuberous 
l igament 
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fiG. 8- 1 1  Ligaments of the sacroiliac joint (51) .)  A, Anterior view. B, Posterior view. C, SlJ 

in horizontal section. Notice the capsule of the 51] joint is only p resent anteriorly. 

This is  because the groun d reaction (bouncing) force 

reaches the SI] directly without going through any 

other joint (Berm is & Daniel, 1 987; Johnson,  1 964; 
Schu chman & Cannon, 1986). 

Women appear to be more susceptible to SI] syn

dronK (pain as a result of mechanical irritat ion) than 
men. This is probably caused by the actions of the h or

mone relaxin during menstm ation, pregnancy, and for a 

sh ort time after childbirth (CaSSidy & Mierau, 1 992) . Re -

laxin decrease s t he ten sion of t he S-I ligaments, allowing 
them to become more pliable (or lax) .  The best known 

SI] dise ase is oste it is condensans ilii, which occur s se c
ondary to  pregnancy and part urition (Nykoliation, 
Cassidy, & Dupuis, 1 984; O livieri et aI. , 1990). 

A partial list of disorders of the SI] include joint 
space widening or narroWing, cystic or erosive change, 

osteosclerosis, oste ophytosis, and idiopath ic hyperos

tosis. Some cause s of SIJ dysfun ction include t rauma, 

B 

c 
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I l iolumbar l igament 

Short posterior 
sacro i l iac l igament 

Long posterior 

�_�--..i��J.r;�I:;:--1t-i�t-::-Tsacroi l iac l igament 

FIG. 8-1 2  Posterior view of the sacrum and the left posterior ilium, showing the iliolumbar 

ligament and the posterior sacroiliac ligament. The posterior sacroiliac ligament has long 

fibers, which are verticaJJy oriented, and short fibers, which are horizontally oriented. 

d isease of bone, infection, and arthropathy (Blower & 
Griffin, 1 984 ; Blumel, Evans, & Eggers, 1 959; Bose, 1 982; 
Cone & Resnick, 1 983;  Dunn et ai . ,  1 976; DeCavaLho & 
Graudal,  1 980; Frye tte , 1 936; Jajic & Jajic, 1 987; Resnik, 
Dwosh, & Niwayama, 1975;  Resnik & Resnick, 1 985;  
Romanus, 1955;  Vogler et ai . ,  1 984) . Table 8-4 provides 
a more complete list of some of the causes of SI] dys
function. 

F� all · ion and Tn.'atmt:nt. Examination of the SI] is 

challenging for many reasons. First, the SI] is subject to 

a wiele range of normal anatomic variation. Second, its 
unusual location and its oblique position make direct 
palpation a lmost impossible. Also, evaluation is made 

more challenging because spinal radiography does not 
always correspond well with symptoms. 

As always, the patient's history can be extremely re
vealing. The patient may complain of pain over the pos
terior superior iliac spine (PSIS) that radiates into the 
buttock and less frequently to the grOin and lower ex
tremity (Cassidy & Mierau, 1 992) . Neurologic signs are 
negative, and the pain is not of dermatomal distribution. 

Useful methods of palpatory examination for the SI] 

include the palpation of neighboring prominences (pSIS 
and the S2 spinous tubercle) during thigh flexion (mo
tion palpation) . Potter and Rothstein ( 1 985) investigated 

the reliability of many physical tests for SI] dysfunction 
and found the most reliable test to be a measurable 
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Posterior 

Fibrous region 
of sacroi l iac joint 

I l ium --------'---

-....... �---- Sacrum 

Synovial reg ian -�--�"'-------- of sacro i l iac joint 

Anterior 

FIG_ 8- 1 3 Horizontal section through the right sacroiliac jOint. Notice the synovial portion 

of the jOint anteriorly and the fibrous portion posteriorly. The posterior fibrous portion of the 

joint is fiJled with the interosseous sacroiliac ligament. 

widening of the distance between the left and right an
terior superior iliac spines from a standing to a supine 
pOSition. Using this method, a 94% agreement was found 
between multiple observers. A measured narrowing of 

the distance between the left and right anterior superior 
iliac spines after compression in the side-lying posture 

was the second most reliable method , with a 76% agree
ment found among observers. Also, certain orthopedic 
tests may be helpful in evaluating disorders of the Sf) .  
Using bone scans, Cassidy and Mierau (1 992) fou nd SI) 
dysfunction to be particularly correlated with at least 
two out of three of the following orthopedic tests for 

SI] sprain: Patrick-Faber (pathologic conditions of the 
hip previously mled out) ,  Gaenslen's test (forced thigh 
flexion), and Yeoman's test (forced thigh extension). 
Several other orthopedic tests for SI] dysfunction also ex

ist (lawrence, 1990). 

Differentiation between enteric disorders, pelvic d is
orders, and inflammatory arthritides from SI) dysfunc
tion can be challenging, and two of these disorders 
may coexist. Such conditions include Crohn's disease, 
psoriasis, Reiter's syndrome, Behcet' s  syndrome, and 
other inflammatory bowel disorders. Differential diagno
sis may be aided by anesthetic injection into the SI], with 
reUef of pain following anesthetic injection being an in

dication of SI) dysfunction (Davis, Thomson, & Lentle, 
1 978; Dekker-Saeys et aI., 1978; McEwen et aI . ,  197 1 ;  
Olivieri e t  a l . ,  1 990; Russell e t  a I . ,  1 977; Ro, 1 990, Yazici,  
Tuzlaci, & Yurdakul, 1981). 

Fortunately, SI) syndrome is usually self-limiting and 
responding well to rest. However, in some individuals 
the condition becomes chronic and disabling. Chiro
practic manipulation has been used to treat SI) disorders. 
More than 90% of patients presenting to a university 
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FIG. 8- 1 4 MRI �can pe rfolmed in a horizontal plane that shows the sacro i liac joiJ1[, 

Spinous process 
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FIG. 8- 1 5  M RI  scan taken i n  a coronal plane tha[ shows the sacroiliac jO int. 
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FIG . 8-1 6  Three types of sacroiliac joint (51]) motion. A, Superior and infelior aspects of the 

51./ are shown gapping. B, Anterior and posterior rocking of the sacral base.  This is sometimes 

known as nutation. C, Movement of the ilium on the sacrum that takes place in the horizontal 

plane. The arrows in A and C show motion of the ilium . The arrows in B show sacral motion. 

These movements are accentuated for demonstrative purposes in this illustration. 

Tabl 8-4 Causes of Sacroiliac Joint 0 sfunction 

Type Possible causes 

Trauma Direct trauma, falis, IOCllS rrtinoris resis-

tentiae 

Disease of bone Osteitis condensans ilii, infection 

Arthropathies Ankylosing spondylitis, enteropathic ar-

thropathies, gouty arthritis 

Other causes Hyperparathyroidism, paraplegia, lower 

extremity disorders, activity related 

(e . g . ,  athletic activity), after hip slUgery, 

neoplasm. 

hospital d isabled with chronic SI] syndrome responded 
favorably to a regimen of sacroiliac manipulation 
(Cassidy & Mierau, 1 992). Some believe examination and 

treatment of the soft tissues surrounding the SI] to be the 
best way to manage spinal and SlJ problems (Lavignol Je 

et aI . ,  1 983;  Maltezopoulos & Armitage, 1 984). Injection 

of local anesthetic not only may prove useful in the di
agnosis of these disorders, but also may provide long

term relief in some patients who do not respond to other 
treatments (Cassidy & M ierall,  1 992). The use of belts to 
stabilize the SI], injections of proliJerants (to decrease 

mobility), exercises, and fusion have also been used to 
treat SI] disorders (Cassidy, 1 993). 

THE COCCYX 
The coccyx (Fig. 8-1 7) is formed by three to five fused 
segments (usually four), and each develops from one pri
mary center of ossification. The coccygeal segments de
velop between ages 1 (first segment) and 20 (foulth 
segment), although the time when coccygeal ossiflcation 

centers develop varies. Fusion of the coccygeal seg
ments usually occurs in the late 20s but may be delayed 

considerably (Williams et a I . ,  1 989). Sometimes the first 
coccygeal segment does not fuse with the remainder of 
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r ra nsverse 
process 

B 

r ransverse process 

the coccyx at a l l .  The first cocC}'geal segment has several 

prominences (see following discussion), whereas the 

second t hrough the fifth coccygeal segments are rather 

simple and are homologous to vertebral bodies of typical 

vertebrae. 

As with t he sacrum, the coccyx is triangular i ll slupe, 

with tbe superior surface the base and the inferior sur

face the apex ( Fig. 8- 17). The base of t he coccyx is 

formed by the first coccygeal segment. The top of the 

base has an articular facet for articu lation with a sma l l  

d isc that intervenes between i t  and the apex o f  the 

sacru m .  Also, it transverse process extends from the left 

and right lateral surfaces of the coccygea l  base. Poster

iorly the coccygeal cornua are in register with the sacra l 

cornua . I ntercornual ligaments connect the cornua of 

the sacrum with those of the coccyx. The S5 and coc-

FIG. 8-1 7  The coccyx. A, Antl'rior vil'w. B ,  Posterior 
view. 

Coccygeal 
cornu 

Coccyx 

cygeal nerves of each side exit the sacral hiatus (see The 

Sacrum) and pass between the apex of the sacrum and 

the i ntercornual l igament . They then give off the dorsal 

rami ,  which pass posterior to the TP of the coccyx. 

A series of fibrocartilaginous d iscs deve lop, before and 

after birth ,  between the individual coccygeal scgmu1ts. 

These discs are eventually replaced by bone as the seg

ments fuse d uring the second or third decades of l i fe .  

Structures That Attach to the Coccyx and 
the Borders of the Pelvic Outlet 

Table 8-2 l is ts the muscles and l igaments that atta -11 to 

the coccyx. The apex of the coccyx helps to form the 

boundaries of the pelvic outlet .  The boundaries of thb 

outlet are listed next.  



Anterior: pubic symphysis 
Posterior: tip of coccyx 
Lateral: ischial tuberosities 

NERVES AND V ESSELS ASSOCIATED WITH 
THE SACRUM AND COCCYX 

Sacral Plexus 

The sacral plexus is formed by the anterior primary di
visions (ventra] rami) of L4 and L5 (lumbosacral trun k), 
S l -3,  and part of S4. The anterior primary division of S4 
a lso contributes to the coccygea l  plexus. The plexus is 
located on the posterior pelvic wal l ,  speciJically, anterior 
to the piriformis muscle (Figs. 8- 1 8  and 8- 1 9) .  The 
branches of the sacral plexus are listed next (contribut
ing spinal cord segments appear in parentheses). 

• Posterior cutaneous nerve of the thigh (S 1 -3) 
• Pudendal nerve (S2-4) 

• Sciatic nerve (L4, L5,  S l-3) 
• Superior glutea l nerve (1.4 , L5, S 1 )  

• Inferior gluteal nerve (L5 , S l ,  S2) 

I l io lumbar 
l igament 

Lumbosacral 
l igament 

Anterior sacroi l iac 
l igament covering 

sacro i l iac joint 
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• Nerve to the obturator internus (and superior 
gemellus) (L5 ,  S l ,  S2) 

• Nerve to the quadratus femoris (and inferior gemel

lus) (L4 , L5, S l ) 
Chapters 9 and 1 0  provide further information on the 

nerves of the sacral plexus. Chapter 1 0  also discusses the 

relationship between the nerves of the sacral plexus and 
pelvic autonomic fibers. 

Pelvic Autonomic Nerves 

The S2 to S4 segments provide parasympathetic in nerva
tion to the pelvic viscera via nerves of the sacral p lexus. 
In addition, each sympathetic trunk has five sacral gan
glia that are located along the anterior surface of the 
sacrum. These ganglia supply sympa thetic innervation to 

the pelvic viscera via gray rami .  The two sympathetic 
chains join inferiorly on the anterior surface of the coc
cyx at a single ganglion, which is cal led the ganglion im
par. The inferior hypogastric autonomic plexus, which 
receives contributions from the lumbar splanchnic 

LA contribution to 
lumbosacral trunk 

Sacral 
promontory 

Lumbosacral 
trunk 

FIG. 8- 1 8  Anterior and superior view o f  t h e  region o f  t h e  sacroiUac jOint showing the lum 
bosacral trunk and its L4 and L5 contributions. 
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External i l iac a .  -�------------=--m 

Common i l iac a .  

L_------ Internal i l iac a .  

I����::::----- I l iolumbar a .  

Lateral sacral a .  

Superior gl uteal a .  

Sciatic n .  

Sacrospinous l iga ment 

Obturator a .  

FIG. 8- 1 9 A rteries and nerves associated with the anterior aspect o f  the sacrum ancl the 

sacroiliac joint .  

nerves (sympathetic), sacral sympathetics, and pelvic 

splanchnic nerves (parasympathetic), helps to supply 

the pelvic viscera with autonomic fibers. Chapter 1 0  

th oro ughly d iscusses the pelvic autonomics. 

Arteries Associated with the Sacrum and 
Coccyx 

The aorta bifurcates at approximately the body of L4 into 

left and right common iliac arteries. Each common iliac 

artery, in turn, bifu rcates into an internal and external 

i l iac artery. The external i l iac artery courses toward the 

inguinal l igament, giving off the inferior epigastriC and 

deep circumflex iliac arteries before crossing under t he 

inguinal Hgament to become the femoral artelY- The left 

and righ t internal iliac arteries supply the pelvic viscera, 

inferior aspect of the posterior abdominal wall ,  the 

pelvic waH , the gluteal region, ischioanal (ischiorectal) 

fossa , peri neum, and adductor region of the thigh. Each 

internal il iac artery can be described as having an ante-



rior, or visceral ,  division and a posterior, or somatic, di

vision. The branches of each division of the internal iliac 

artery are listed in the following section. 

Po!'>h..rior Dh bion uf the I ntern. I l l iat \rtcl! 

1 .  Iliolumbar arte1J!. This is the first branch of the in

ternal iliac artery. The iliolumbar artery further di

vicles inro two branches: 

a.  An iliac branch passes along the superior border of 

the iliac crest to supply the iliacus and quadratus 

lumborum muscles. 

b. A lumbar branch courses superiorly to help supply 

the psoas muscle. 

2 .  Lateral sacral artery. This artery has been discussed 

previously and is shown in Figs. 8- 18 and 8- 1 9 .  It 

courses along the anterior and lateral surface of the 

sacrum, sending branches into the anterior sacral 

foramina. It serves as a major source of blood to the 

sacrum and the sacral nerve roots. 

3. Superior gluteal artery. This artery usually passes be

tween the lumbosacral trunk and the S 1 ventral ra

mus to exit the pelvis (in some cases it may exit be

tween the 5 1  ancl 52 ventral rami). The superior 

gluteal artery helps to supply the gluteal region. 

,\ n lt'rior Di, i�i()n of lhe Intern.ll Ilia<.: \rtel") 

1 .  Inferior gluteal artery. This artery usually exits the 

pelvis by passing between the S 1 ancl 52,  or the 52 
and S3, ventral rami. As with the superior gluteal 

arte!)' , this artery also helps to supply the buttock ancl 

thigh. 

2 .  Internal pudendal artery. This artery usually exits 

the pelvis between the 52 ancl 53 ventral rami. It then 

passes arouncl the posterior surface of the sacro

spinous ligament to enter the ischioanal (ischiorectal) 

fossa, where it continues anteriorly within the pu

dendal (Alcock's) canal. It terminates near the sym

physis pubis by dividing inro the deep and clOI'sal ar

teries of the peniS. 

3. Inferior vesical artery. This artery is only found in 

the male. In the female its place is taken by the vagi

nal artery. The inferior vesical (or a branch of the 

vaginal artery in the female) supplies the inferior as

pect of the blaclcler. 

4. JlIliddle rectal artery. This artery is usually small and 

may arise from the inferior vesical arte!)' or the inter

nal pudendal arte!)'. It helps to supply the rectum. 

5 .  Obturator artery. The obturator artery has a rather 

long intrapelviC course before exiting the pelvis at 

the obturator foramen. It then supplies the adductor 

region of the tlligh. Before exiting the pelvis, this 

artery gives a branch that anastomoses with the pubic 

branch of the inferior epigastric artery. This anasto-
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mosis frequently is called the accessory obturator 

artery. Occasionally the pubic branch of the inferior 

epigastriC arte!)' may replace the obturator artery. 

6. Umbilical artery. This artery is the direct continua

tion of the internal iliac artery . It runs from the supe

rior aspect of the bladder to the anterior abdominal 

wall, where its continuation forms the medial um

bilical ligament. The superior veSical arteries are 

branches of the proximal portion of the umbilical 

artely. These arteries pass inferiorly from the umbili

cal arte!)' to supply the superior aspect of the blad

der. 

Hranl'lll" found Onl} in t l: J ol' n all  

1 .  Uterine artery. This artery courses beneath (inferior 

to) the ureter to reach the lateral aspect of the uterus, 

which it supplies. 

2. Vaginal artery. This artery not only su pplies the 

vagina, but also takes the place of the male inferior 
vesical artery. Therefore it also supplies the inferior 

aspect of the bladder. 

\kdhn -;;u.ra l \r to . Another vessel associated 

with the anterior surface of the sacrum is the median 

sacral artel),. The median (middle) sacral artet), (see 

Chapter 7) is a tiny u npaired artery that arises from the 

posterior surface of the abdominal aorta just before the 

aorta bifurcates into right and left common iliac arteries. 

It then passes inferiorly along the midline of the anterior 

sacrum, sending branches into the antelior sacral foram

ina. These foraminal branches are accompanied by 

branches of the lateral sacral artery. 

Veins Associated with the Sacnun and 
Coccyx 
The venous drainage of the sacrum, coccyx, and pelvic 

viscera generally flows in the opposite direction as the 

arterial supply and drains into the internal iliac vein. The 

internal iliac vein drains into the common iliac vein, and 

the common iliac vein drains into the inferior vena cava. 

One exception to this is the superior rectal vein, which 

helps to form the inferior mesenteric vein. The inferior 

mesenteric vein, in turn, drains into either the splenic or 

superior mesenteric veins. The latter two veins combine 

to form the portal vein. Blood from the inferior rectal 

vein eventually drains into the inferior vena cava. The 

anastomosis between the superior rectal veins and the 

inferior and middle rectal veins forms an important por

tal-caval anastomosis. 

The internal ancl external vertebral venous plexuses 

also help to drain the sacrum. These venous plexuses are 

discussed with the vertebral canal in Chapter 2 .  
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The vertebral column and its adjacent musculature have 

been discussed in detail in the previous chapters. 

Because of the intimate anatomic and functional rela

tionship between the vertebral column and the spinal 

cord (which is protected by the vertebral column), 

knowledge of both is equaUy important. Chapter 3 de

scribes the meninges, external surface, and vasculature 

of the spinal cord. In addition, it provides a cursory de

scription of the cord's internal organization. The pur

pose of this chapter is to elaborate on this internal orga

nization by discussing the neurons, which form the cir

cuitry of the spinal cord, and the ascending and 

descending tracts, which provide a connection among 

the spinal cord, the peripheral nerves, and the higher 

centers of the central nervous system. This information 

forms the basis of important neuroanatomic concepts 

that are necessary for an understanding of clinical 

neuroscience. The knowledge of these concepts is 

imperative for diagnOSing pathologic conditions of the 

cord, some of which may be caused by vertebral column 

dysfunction. Examples demonstrating the application of 

these neuroanatomic principles to pathologic conditions 

are presented at the end of the chapter. 

PERIPHERAL NERVOUS SYSTEM 
Peripheral Receptors 
Peripheral receptors are sensory endings of peripheral 

nenTes, and they are scattered throughout the body. 

They are found in great numbers along the vertebral col

umn and within the ligaments, muscles, and skin that 

surround the spine. These receptors, and the sensolY 

systems that transmit their input, provide information 

concerning our environment. Each receptor is sensitive 

to a particular form of physical energy, or stimulus, and 

transduces the stimulus into electrochemical energy, or 

action potentials, which is the "language" the central 

nervous system (CNS) can understand. 

Receptors may be divided into two types, rapidly 

adapting and slowly adapting. A slowly adapting recep

tor, sllch as a Merkel's disc, responds continuollsly to a 

sustained stimulus, whereas a rapidly adapting receptor 

does not. A pacinian corpuscle is a rapidly adapting re

ceptor, and it responds at the onset of the stimulus and 

again at the end of the stimulus. A stimulus furnishes a 

receptor with four basic characteristics: modality (e.g., 

pain, temperature, touch), intenSity, duration, and loca

tion. When a receptor is adequately stimulated, a gener

ator potential occurs across its membrane and may lead 

to an action potential. The action potential propagates 

along the sensory neuron into the CNS. The CNS is then 

able to combine the four characteristics of the stimulw; 

into a perceived sensation. 

The sensory neurons of the peripheral nervous system 

(PNS) are pseudounipolar neurons, and their cell bodies 
are located in the dorsal root ganglia. The part of the 

251 
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fiber attached to the receptor is the peripheral process, 
which may be myelinated or unmyelinated, and it is the 
sensory component of a peripheral nerve . The other part 
of the fiber enters the CNS and is the central process. A 
bundle of central processes form a dorsal root. The pe
ripheral processes are classified according to their con
duction velocity, and conduction velocity is related to 
the axon diameter. Fibers with large diameters conduct 
the fastest. Based on the relationship between velocity 
and diameter, cutaneous fibers are c1assi.fied alphabeti
cally as A-beta, A-delta, and C fibers. Similarly ,  afferents 

from muscle tissue are usually classified numerically 
from heavily myelinated to LU1myelinated as I, II, III, and 
IV (Martin & JesselJ, 1 9 9 1 b). Type I also has subgroups 
of la and lb. Afferents from visceral interoceptors are of
ten classified as group B fibers. Motor (efferent) fibers 
are also c1assihed according to the alphabetic listing. 
Large somatic motor neurons correspond to the A-alpha 
and A-gamma group, and autonomic efferent fibers cor
respond to the B and C groups. Table 9-1 sununarizes the 
classifications of the afferent and efferent fibers. 

Peripheral receptors can be classified by their mor
phology, their location, and the type of stimulus to 
which they respond. Morphologically,  receptors may be 
encapsulated by connective tissue and nonneural cells, 
or they may be simple nonencapsulated, bare arborizing 
endings. Receptors classified by their location of distri
bution are called exteroceptors, proprioceptors, or inte
roceptors. < xtcroccptors are superfiCial and located in 
the skin. Modalities such as nociception (pain), temp r

arure, and touch (and the submodalites of pressure and 
vibration) are conveyed by these receptors. Proprio
ceptors are located in the muscles, tendons, and j oints of 
the body �lI1d pro ide information cone rning limb po i
tiou, while the limbs are stationary (static) or moving 
(dynamic or kinesthetic), lnteroceptors are located in 
the viscera, glands, aocl vessels and convey poorly local-

ized information from such systems as the digestive and 
urinary. Examples of the types of information conveyed 
by interoceptors include distention or fullness and is
chemic pain . 

Receptors classified by the type of stimulus to which 
they respond are calJed mechanoreceptors, thermore
ceptors, chemoreceptors, or 110ciceptors. Mechano
receptors respond to deformation or displacement of 
self or of adjacent cells. Thermoreceptors respond to 
changes in temperature. Chemoreceptors respond to 
chemical stimuli and are important in the special senses 
of taste and olfaction. Nociceptors respond to stimuli 
that damage tissue cells, and t heir stimulation results in 
the sensation of pain. The classification of receptors by 

location overlaps with the classification by stimulus 
type, such that nociceptors can also be exteroceptors, 
and mechanoreceptors can also be proprioceptors. 

(III ( 11 c ( )IOI Cutaneous receptors (extero-
ceptors) include mechanoreceptors, thermoreceptors, 
and nociceptors and subserve such modalities as touch, 
pressure, vibration, temperature, and nociception 
(pain). Mechanoreceptors include the nonencapsulated 
Merkel's discs, nonencapslliated endings surrounding 
hair follicles (peritrichial), and encapsulated endings 
such as Ruffini endings, pacinian corpuscles, and 
Meissner's corpuscles . The fibers supplying these recep
tors are primarily A-beta. Thermoreceptors are nonen
capsulated, free nerve endings that occupy areas ap
proximately 1 mOl in diameter. Cold rhermoreceptors re
spond in the range of 1 ° C (3 3 .8° F) to 20° C (68° F) 
below the normal skin temperature of 34° C (93.2° F). 
Warm thermoreceptors are stimulated in the tempera
ture range between 32° C (89 . 6° F) and 45° C ( 1 13° F) 
(Martin &JesseU, 1 99 1b). Cold receptors are supplied by 
A-delta or C fibers, but warm receptors are suppliee! by 
C fibers alone. 

Table 9-1 Summary of the Classification of Peripheral Fibers 

Fiber diameter 
(microns) 

20 

0.2-1.5 

Efferent fibers 

A-alpha (skeletomotor) 

A-gamma (fusimoror) 

B"'t (prega nglionic auto

nomic fibers) 

C't (postgangtionic au

tonomic fibers) 

Afferent fibers (from 
cutaneous receptors) 

A-beta (from meci1ano

receptors) 

A-delta (from nociceptors 

and thermoreceptors) 

C (from nociceptors and 

thermoreceptors) 

Afferent fibers (from skeletal 
muscle and articular receptors) MyeliJlation 

Type I (from mechanoreceptors) Heavily myelinated 

Type II (from mechanoreceptors) Myelinated 

Myelinated 

Type III (from mechanoreceplOrs Thinly myelinated 

and nociceptors) 

Myelinated 

Type IV (from nociceptors) Unmyeunated 

"B:1I"I" & Kiernan (1988). Tbe !JU1nan nervous system (6th ell.). Philadelphia: JB l.ippincott. 

tWill iams er at. (1989). Gray's anatomy 07th eu.). Edinburgh: Churchill Livingstone. 



An understanding of nociceptors is helpful in the com

prehension of pain of spinal origin. Nociceptors are free 

nerve endings, and they respond to stimuli that may 

threaten or actually damage adjacent tissue cells. The 

damage to cells callses the release of chemical mediators 

that may sensitize (e.g., prostaglandins) or activate (e.g., 

histamine, bradykinin, potassium, serotonin) the free 

nerve endings. In some instances, activated free nerve 

endings release substance P into the surrounding area, 

causing vasodilation, extravasation of tluid, and release 

of histamine from tissue cells (lessell & Kelly, 1 99 1 ) .  

Three types of nociceptors appear to exist: mechanical, 

which are stimulated by mechanical damage such as by 

a sharp object; thermal, which are stimulated by tem

peratures higher than 45° C (113° F); and polymodal, 

which respond to damaging mechanical, thermal, or 

chemical stimuli. Mechanical and thermal nociceptors 

send their information via A-delta fibers, whereas poly

modal receptors use C fibers. 

The cutaneous fibers of these receptors form overlap

ping horizontal plexuses in the dermis and subcutaneous 

layers of the skin. The density and variety of receptors 

vary in different regions. For example, in hairy skin the 

peritrichial endings are most common, but Merkel's 

discs and free nerve endings are also present. In glabrous 

(hairless) skin, free nerve endings are present, as are 

Merkel's discs and Meissner's corpuscles. The latter two 

receptors have small receptive Jields and help to dis

criminate the spatial relationship of stimuli. This ability 

to discriminate is well developed on the fingertips. In 

fact, Meissner's corpuscles have only been located in pri

mate animals (Barr & Kiernan, 1993). The subcutaneous 

tissue of both types of skin are provided with pacinian 

corpuscles and Ruffini endings, both of which have large 

receptive tiel cis and therefore are less dicriminatory 

(Martin & Jessell, 1991 b). 

Cutaneous modalities that may be easily tested during 

a neurologic examination include Vibration, tempera

ture, pain (nociception), and tactile sensation. Tactile 

sensation can be described as simple touch (which in

cludes light touch, touch pressure, and crude localiza

tion) and tactile discrimination (which includes deeper 

pressure and spatial localization), which is sometimes 

referred to as two-point discriminatory touch. On the 

fingertips, for example, tactile discrimination is precise 

enough to localize two points of stimulation applied 

simultaneously 2 mm apart. Such tactile discrimination 

is necessary for further analysis of objects concerning 

their size, shape, texture, and movement pattern. This 

analysis is completed in sensory integrative areas of 

the cerebral cortex. Identifying common objects held 

in the hand and identifying letters drawn on the back 

of the hand without visual cues are called stereognosis 

and graphesthesia, respectively, and are fmther exam

ples clemonstrating tactile discrimination. The clinical 
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relevancy of these cutaneous modalities is discussed at 

the end of this chapter. 

I'r ) "  pte The second major class of periph-

eral receptors consists of the proprioceptors. As defined 

previously, proprioceptors (excluding the vestibular sys

tem of the inner ear) are located in the joints, muscles, 

and tendons. They function in the coordination and con

trol of movements by monitoring both the stationary po

sition and the movement (kinesthesia) of body parts amI 

relaying that information into the eNS. This information, 

often referred to as joint position sense, may be per

ceived conSCiously. The receptors involved with provid

ing proprioception are the joint receptors, neuromuscu

lar spindles, and Golgi tendon organs (neurotendinous 

spindles). In addition, it has been shown that for pro

prioception to be assessed completely, cutaneous 

mechanoreceptors must also be involved (Martin & 
J essell, 1991 b). 

Joint receptors are located in the superficial and deep 

layers of the joint capsules and in the ligaments. Four 

types 01' receptors exist and are classified as I, II, III, and 

IV. The first three types are encapsulated mechanore

ceptors. The fourth type consists of unmyelinated, free 

nerve endings. The receptors c1assitied as I, II, or III pro

vide inJonnation regarding such activities as the direc

tion, velocity, and initiation of joint movements. They do 

this by responding to tension applied to the connective 

tissue surrounding them. The group IV free nerve end

ings, which mediate nociception and are normally silent, 

respond to potentially injurious mechanical or inflam

matory processes (Wyke, 1985). 

Neuromuscular spindles are complex encapsulated 

proprioceptors that monitor muscle fiber length. They 

are located within a skeletal muscle close to the tendon 

and are surrounded by muscle fibers. They provide the 

sensory arc of the stretch, or myotatic, reflex. Each spin

dle consists of a connective tissue capsule that is fixed at 

each end to adjacent muscle fibers. The capsule encloses 

specialized muscle fibers called intrafusal fibers, which 

are either nuclear bag fibers or nuclear chain fibers. The 

total number and individual Olunber of nuclear bag and 

chain fibers vary among spindles. The innervation of the 

nuclear bag and chain fibers of the spindle is provided 

by group la and II sensory fibers. In addition, the spindle 

is a unique peripheral receptor in that it also has a mo

tor innervation furnished by gamma motor neurons. The 

motor innervation of the intrafusual fibers allows the 

spindle to remain sensitive to muscle fiber length during 

muscle contraction. The section Motor Control at the 

Spinal Level describes the function of the muscle spindle 

ancl stretch reflex. 

Golgi tendon organs (GTOs), or neurotendinous 

spindles, respond to tension that is applied to a tendon. 

They consist of tendon COllagen fibers surrounded by 
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connective tissue, with group Ib afferent fibers twisted 
among the collagen fibers in such a way that they may 
become "squeezed" under the appropriate amount of 
tension. On stimulation the group Ib afferent fiber stim
ulates a lb interneuron . This interneuron then inhibits 
the alpha motor neuron that supplies the skeletal muscle 
associated with that stimulated GTO. This action is op
posite to that of a stimulated neuromuscular spindle, 
which produces excitation of the alpha motor neuron 
supplying the skeletal muscle associated with that spin
dle. The GTOs and spindles not only function at the 
spinal level, but also send input to higher centers (see 
Ascending Tracts). The section Motor Control at the 
Spinal Level describes the functional relationship be
tween muscle spindles and GTOs. 

lntcroceptors. Interoceptors, the third major classifi
cation of peripheral receptors, are located in the viscera. 
They include mechanoreceptors that respond to move
ment or distention of the viscera. These are found in lo
cations sucl1 as the mesentery, connective tissue enclos
ing the organs, and along blood vessels. Nociceptors are 
also found in the viscera. These are capable of respond
ing to noxious mechanical, thermal, and chemical stim
uli (Willis, Jr., & Coggeshall, 1 99 1). Chapter 1 0  discusses 
the relationship of these receptors and their afferent 
fibers to somatic and autonomic efferents. 

Peripheral Nerves 

The spinal cord receives impulses from receptors and 
sends output to effectors via the PNS. Because the PNS 
transmits this essential information, its components are 
considered in this section. 

Thirty-one pairs of spinal nerves exist, and each is 
formed by the convergence of a dorsal root and a ventral 
root usually within the intervertebral foramen (IVF). Just 
distal to this union, each spinal nerve divides into a dor
sal ramus (posterior primary division, PPD) and a ventral 
ramus (anterior prim a 11/ diviSion, APD). The dorsal rami 
of spinal nerves innervate the skin and deepest muscles 
of the neck and back. The ventral rami innervate the 
ventrolateral aspect of the trunk and the extremities. 
Successive thoracic ventral rami retain a clear segmental 
distribution along the thoraciC region. However, the 
back of the head, the anterior and lateral neck, shoulder, 
and upper and lower extremities a.re innervated by 
plexuses. Each plexus is formed by a regrouping of adja
cent ventral rami . The plexuses are called the cervical, 
brachial, and lumbosacral plexuses, and each is briefly 
described here. 

The cervical plexus is formed by ventral rami of the 
C 1 through C4 cervical nerves . It supplies cutaneOllS 
innen/ation to the dorsolateral part of the head, neck, 
and shoulder. Motor fibers in this plexus course to the 

deep cervical muscles, hyoid muscles, diaphragm, and 
the sternocleidomastoid and trapezius muscles (see 
Chapter 5). 

The brachial plexus is formed by ventral rami of the 
C5 through T1 spinal nerves (with a possible contribu
tion from C4 and T2). This plexus supplies the upper ex
tremity. Subsequent to the mixing of the ventral rami in 
the plexus, numerous branches are formed, including 
five large terminal branches: the axillary, musculocuta
neous, radial, ulnar , and median nerves. The axillary 
nerve (C5 and C6) supplies cutaneous branches to the 
deltoid region and muscular branches to the deltoid and 
teres minor muscles. The musculocutaneous nerve (C5 
to C7) is sensory to the anterolateral and posterolateral 
aspect of the forearm. It supplies motor innervation to 
the flexors of the arm, which include the biceps brachii . 
The radial nerve (C5 to C8, possibly T 1 )  has an extensive 
area of distribution in both the arm and the forearm. Its 
cutaneous branches innen/ate the posterior aspect of the 
arm and forearm. The superficial radial nerve supplies 
the lateral half of the dorsum of the hand and the first 
three and a half digits, excluding the nails. The radial 
nerve also innervates the extensor muscles of the upper 
extremity. The ulnar nerve (C8 and Tl, possibly C7) 
courses through the arm to supply structures in the 
forearm and hand. Its motor distribution includes one 
and a half forearm flexors (ulnar side) and intrinsic hand 
muscles, including the hypothenar and all interossei 
muscles and the adductor pollicis muscle . Its cutaneous 
distribution is present only in the hand anel encompasses 
the ulnar half of the hand, including the fifth and one 
half of the fourth digits. The median nerve (C6 to C8 and 
Tl, possibly C5) supplies motor fibers to the forearm 
flexors (excluding those with ulnar innervation) and 
some intrinsic hand muscles, including the thenar mus
cles . As with the ulnar nerve, its sensory area is only in 

the hand and includes the lateral palmar surface and first 
three and a half digits, including the nails (Williams et aI., 
1 989) (Figs. 9-1 and 9-2 and Table 9-2). (See Chapter 5 
for a full description of the brachial plexus and its prox
imal branches.) 

The third plexus is the lumbosacral plexus, which is 
composed of ventral rami L2 through S2 (with contribu
tions from Ll and S3). The major branches of this net
work are the femoral, obturator, gluteal, sciatic, com
mon peroneal (fibular) (and its branChes), and tibial 
nerves . Cutaneous nerves with large areas of distribution 
include, but are not limited to, the lateral femoral cuta
neous, saphenous, posterior femoral cutaneous, and 
sural nerves. (Chapters 7 and 8 describe the lumbar 

plexus and its smaller branches [iliohypogastric and il
ioinguinal.] and the sacral plexus ami its branches.) 

The obturator nerve (L 2 to L4) supplies motor 
branches to the adductor muscles of the thigll and grac
ilis muscle. It also is cutaneous to the inner thigh. The 
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Supraclavicular ((3, (4) 

Upper latera l brachial  cutaneous 
(axi l lary; (5, (6) 

Lower lateral brach ia l  cutaneous 
( radial; (5, (6) 

Med ial  brachia l  cutaneous ((8, Tl ) 

;-�H---Intercostobrach ia l  (T2) 

Media l  antebrachial cutaneous ((8, Tl) 

Lateral antebrach ia l  cutaneous 
(musculocutaneous; (5, (6) 

Radia l  (Cl, (8) 

Median ((6-(8) 

Ulnar ((8, Tl ) 

Subcostal (Tl 2)  

Femoral branch of geni tofemoral (L 1, L2) 

Lateral femoral cutaneous (L2, L3) 

I l ioi nguinal (L 1) 
Medial  and in termediate femoral cutaneous 
( femoral; L2, L3) 

Obturator (L2-L4) 

Lateral sural cutaneous (L5, S 1, S2) 

Saphenous ( femoral; L3, L4) 

I Superficial peroneal/fibular 
,'-L--------------
I (common peronea l/fibular; L4, L5, S 1) 

-\-------Sura l  (S 1 , S2 )  

r;r.y-------_ Deep peronea l/fibular 
(common peroneal/fibular; L4, L5) 

FIG _ 9-1 Anterior view of the body showing its cutaneous innervation. Left, Dermatomal 

pattern, which may vary according to different authors. 
,
This dermatomal mapping is based on 

studies by].G. Keegan and F.V. Garrett (1948). Right, Areas of cutaneous peripheral nerve 

distributions. Note the similarity of cord segment origins between the rwo sides. 
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Dorsal ram i  ((3-(5) 

Supraclavicular ((3, (4) 

Upper lateral brachial 
cutaneous (axi l lary; (5, (6) 

Media l  brachial cutaneous ((8, Tl) 
and intercostobrach ial (T2) 

Posterior brachia l  
cutaneous ( radial; (5-(8) 

Medial antebrachial 
cutaneous ((8, Tl) 

Posterior antebrachia l  
cutaneous (radial;  (5-(8) 

Lateral antebrachial cutaneous 
(musculocutaneous; (5, (6) 

Radial ((6-(8) 

Ulnar ((8, Tl ) 

:.\--=� Median ((6-(8) 

I l iohypogastric (L 1 ) 
Dorsal rami  IL l - L3) 

Dorsal ram i  (S 1-S3) 

Lateral femoral cutaneous (L2, L3) 

Obturator (L2-L4) 

Posterior femoral cutaneous (S 1-S3) 

Lateral sural cutaneous (L4, L5, S 1) 

Media l  femoral cutaneous (femoral ;  L2, L3) 
Sural (L5, S 1, S2) 

Superfic ia l  peroneal/fibular (L4, L5, S 1) 
Saphenous (femoral; L3, L4) 

-:1r------_ Media l  calcaneal (tibial; S 1 , S2) 

-\------ Lateral plantar (tibial; S 1, S2) 

:-:t------Medial plantar (tibial;  L4, L5) 

FIG. 9·2 Posterior view of the body showing its cuta neolls innervation. Lejt, Dermatomal 

pattern, which may vary according to d ifferent authors. This dermatomal mapping is based on 

studies by ].G.  Keegan and F.Y. Garrett (1948). Right, Areas of cutaneous peripheral nerve 

distributions. Note the similarity of cord segment origins between tbe two sides. 



Table 9-2 Muscles Supplied by Termin:lI Branches 
of the Bra Ilial Pie 'LIS and the 
L umbosacral P I  ',",'Us 

Muscle(s) suppUed 

Deltoid, teres 

minor 

Anterior arm 

Extensors of upper ex

(remity 

Flexor carpi ulnaris, 

flexor digitorum pro

fundus (medial half), 

hypothenar emi

nence, interossei, 

adductor pollicis, 

lumbricals Ord and 

4th) 

Anterior forearm (ex

cept above), thenar 

eminence (except 

above), lumbricals 

(1st and 2nd) 

Medial thigh 

Anterior thigh 

Posterior thigh 

Lateral leg 

Anterior leg 

Posterior leg 

Gluteus maximus 

Gluteus medius and 

minimus 

Peripheral nerve 

Ax:iII ary 

Musculocutaneous 

Radial 

Ulnar 

Median 

Obturator 

Femoral 

Sciatic 

Common peroneal 

(fibular) 

Superficial 

Deep 

Tibial 

Inferior gluteal 

Superior gluteal 

Cord segments 

C5, C6 

C5-7 

C5-8 (Tl)' 

(0), C8-Tl 

(C5), C6-TI 

L2-4 

L2-4 (mostly 

L4) 

L4-S3 
L4-S2 

(mostly SI) 

L4-S3 

L5-S2 (mostly 

SI) 

L4-S1 (mostly 

L5) 

'Levels in p'IL"Clltheses represent clinically significant contributions in 

a small portion of the population. 

femoral nerve (L2 to L4) sends motor branches to the an

terior thigh muscles (e.g., quadriceps), which extend 

the leg. Cutaneous innervation by the femoral nerve sup

plies the anterior and anteromedial thigh and, via the 

saphenous nerve (L3 ancl L4), the medial leg and foot. 

The thigh's lateral side is innervated by cutaneous 

branches of the lateral femoral cutaneous nerve (L2 and 

L3) The sciatic nerve (L4 to 53) is the body's largest 

nerve. This nerve is actually composed of two parts (tib

ial and common peroneal) but is ensheathed to form one 

nerve in the posterior thigh. Motor branches in the pos

terior thigh innervate the hamstring mllscles (biceps 

femoris, semitendinoslls, seminlembranosus), which 

flex the leg. The cutaneolls innervation of the posterior 

thigh is furnished by the posterior femoral cutaneOl1S 

nerve (51 to 53). At varying levels proximal to the knee, 

the sciatic nerve divides into the common peroneal and 

tibial nerves. 
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The common fibular (peroneal) nerve (L4, L5, S1, and 

52) courses laterally around the neck of the fibula and di

vides into two major branches: superficial fibular (pe

roneal) and deep fibular (peroneal). The superficiallibu

lar (peroneal) nerve supplies muscular branches to the 

peronei (fibularis) muscles, which are responsible for 

eversion of the foot, and cutaneous branches to the dis

tal and anterolateral third of the leg and clorsum of the 

foot (excluding the first interspace). The deep fibular 

(peroneal) nerve sends motor fibers to the anterior leg 

muscles, which provide dorsiflexion of the foot and ex

tension of the toes. Cutaneous branches supply the skin 

between the first two toes. The other branch of the sci

atic nerve is the tibial nerve (L4, L5, S1 , S2, and S3). This 

nerve provides motor innervation to posterior leg mus

cles (including the gastrocnemius muscle), which are re

sponsible for plantar flexion of the foot. A branch of the 

tibial nerve and contributing fibers from the common 

fibular (peroneal) nerve form the sural nerve. This sup

plies SenSOl)' irU1ervation to the posterior and lateral sur

faces of the leg. At the region of the medial malleolus, 

the tibial nerve divides into medial and lateral plantar 

nerves. These nerves supply motor and sensory innerva

tion to the plantar aspect of the foot (Figs. 9-1 and 9-2 

and Table 9-2). 

Nerves innervating muscles moving the hip joint are 

the inferior and superior gluteal nel-ves. The inferior 

gluteal nel-ve (L5, S 1, and S2) is responsible for the mo

tor innervation of the strongest hip extensor, the gluteus 

maximlls. The superior gluteal nerve (L4, L'), and S1) in

nervates the gluteus medius and minimus muscles and 

the tensor fascia latae muscle, which are responsible for 

hip abduction Crable 9-2). 

This has been a CurSOl1' description of the innervation 

of major individual muscles and muscle groups and the 

cutaneous distribution of the major nerves. Because of 

developmental events, one muscle is innervated by 

many conI segments, and one cord segment may be in

volved with the innervation of more than one muscle. 

The intermingling of dorsal root fibers in the plexuses 

produces a peripheral nel-ve with an area of distribution 

that is different from a dermatomal pattern. However, 

the origin (cord segments) of a peripheral nerve inner

vating a particular cutaneous region includes the same 

cord segments as those supplying the derma tomes of 

that same area. For example, the lateral femoral cuta

neous nerve is formed from cord segments L2 and L3, 

and its peripheral neI-ve pattern incluLles parts of the L2 
and L3 dermatomal regions. 

Realizing the differences between peripheral nerve 

patterns and clermatomal patterns (remembering there is 

much variation in dermatomal maps) is important (Figs. 

9-1 and 9-2). Knowing both the segmental and the pe
ripheral innel-vation of major skeletal muscles is also im

portant. This knowledge of peripheral innervation of 
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muscles and skin is imperative, si nce a neurologic ex

amination incl udes the assessment of a patient's motor 

fu nctions (reflexes and muscle st rength;  Ta ble 9-3) and 
sensory fu nctions. The information gained from this as

sessment is useful  for distinguishing if the lesion is in the 

e NS or PNS and subsequently fo r determining the specif 

ic location of the lesion a long one of those two systems. 

INTERNAL ORGANIZATION OF THE SPINAL 
CORD 

Gray Matter 

The gray matter of the spi nal cord appears in cross sec

tion as an H-shaped or butterfly-shaped region, Each of 

the two symmetric ha lves consists of a dorsal horn, 

which i ncludes a head, neck, and base; an intermedia te 

region; and a ventral horn. In cord segments T1 through 

L2 or L3, an additional lateral horn is present. In general, 
the d orsal horn is a reccptaclt: for sensory afferent 'input,  

and the ventral horn is i nvolved in molor fu nct ions, in
cluding h o using the cell  bodies of motor neurons. M icro

scopically the gray matter is a dense region of neuron 
cell bodies, cell processes and their synapses, neuroglia 

cells,  a nd capillaries. 

The neurons that compose the gray matter are subd i

vided into fou r  groups:  motor neurons, the axons of 

which leave the spinal cord and innervate the effector 

tissues (skeletal , smooth and cardiac m uscles, glands); 

tract neurons, the axons of which ascend in the white 

matter to higher centers; i nterneurons, which have short 

processes; and propriospinal neurons, t he axons of 

wh ich provid e communication between cord segments. 

Kuypers ( 1 98 1 )  classmed propriospinal neurons as 
long, intermed iate, or short . Long propriospi nal neurons 

extend the length of the cord bilaterally i n  the ventral hl
niculus and ventral part of the lateral hlIliculus (sec 
White Matter). Short propriospi.nal neurons extend six 

to eight segments in the ipsilateral lateral funi.culus, ami 

in termediate p ro p riosp inal neurons course primarily ip
si la tera lly more than eight segments but less than tbe 
cord ' s  entire length . 

In the early 1 9505, Rexed ( 1 95 2) studied fel i ne spinal 

cords and proposed that the organ ization of the gray 
matter formed 1 0  layers, or laminae. He described lam
ina I as being located at the tip of the dorsal horn, fol

lowed sequentia l ly into the ventral horn by laminae 11  
throllgh IX. La min a X formed the connecting crossbar of 

the gray matter, that is, the gray comm issure. This orga

n ization has been accepted for the hu man spinal cord as 

well (Fig. 9-3). Each lamina includes at least one of the 

fou r  genera l  types of neurons: motor, tract, i nterneuro n ,  

or propriospinal. Each lamina m a y  also be the site o f  the 

termination of primary afferents, descend i ng tracts, pro
priospinal neurons, and i nte rne u runs of neighboring 

laminae . The laminae may val)' in size throughollt re

gions of the spinal cord a n d  may even by absent in some 

regions . Also w i th i n  each lamina,  neurons may be orga
nized i nto smaller groups, ca lled nuclei or cell  column , 

Table 9-3 Muscle Testing and Deep Tendon (Muscle Stretch) RetJexes 
Muscle action 

Shoulder abduction (deltoid) 

Elbow flexion (biceps brachii , brachialis, brachioradia lis) 

Elbow extension (triceps brach i i) 

Wrist extension (posterior forearm m uscles) 

Wrist flexion (anterior forearm muscles) 

Finger extension (extensor Jigitorum) 

Finger flexion (flexor digitorum) 

Finger abduction (il1teros�ei) 

Hip flexion. ( i l iopsoas) 

Hip extension (gluteus maximus) 

Hip adduction (add ucror�) 

Hi p abduction (gluteus med ius and mini mus) 

Knee extension (quadriceps femoris) 

Foot inversion and dorsiflexion (tibia lis anterior) 

Foot eversion, with planrar flexion (peronei) 

foot eversion, with dorsiflexion (extensor ciigitorum longus, 

peroneus tertius) 

Foot plantar flexion (gastrocnemius, soleus) 

Toe extension (hallux) (extensor ha l lucis longus) 

Toe extension, exce[>t above (exte nsor digitorum brevis) 

Cord segmt:nts Peripheral nerve(s) 

CS 

C5 
C6 

C7 

C6 (0), 
o 

o 

C8 

T I  
1' 1 2-L3 

S l  

L2-L4 

L5 
L2-L4 

L4 

S I  

L5 

S I (S2) 

1.5 
5 1 ,  S2 

Axillary 

Musculocutanous 
Radial 

Radial 

Radial 

Median, ulnar 

Radial 

Median, uLnar 

Ulnar 

Lumbal' pleXllS (L2-4) ,  femoral 
I nfe rior gluteal 

Obturator 

Superior gluteal 

Femoral 

Deep peroneal (fibular) 

Superficial peroneal (fibular) 

Deep peroneal (fibular) 

Tibial 

Deep peroneal (fibular) 

Deep peroneal (fibu lar) 

" Levels i n  parenrileses repre:;ent din ically :;ignificanr contrib utions in a small portion of tile populatiun. 

Hdlex 

Biceps 

B['achioraJialis 

Triceps 

Patellar (1 .4 ) 

Achi l les 



x 

VI I I  

Segment C6 

IX 

Segment T6 
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IV 

In termediomed ial 
cel l  column 

��-----,I------ VI I  

Nucleus dorsal is  
(Clarke's nucleus) 

�� ___ \- VII  

In termediolateral 
ll-------f-- cel l column 

Intermediomedia l  
cel l column 

FIG. 9·3 Cross sections of  the C6 and T6 spinal cord segments showing the lamination of 

tl1e gray matter. Examples of nuclei located within the laminae are shown. 
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based on commonalities such as cell morphology and 

function , The fo llowing is a brief description of each of 

these laminae, 

La minae I 'rhrough \' I ( Dorsal Uonl). The dorsal 

horn consists of laminae I through VI. Laminae I through 

IV form the head, lam ina V forms the neck, ancl lamina 

VI forms the base of the dorsal horn, Lam ina I is also 

known as the marginal zone of Waldeyer. Most of the 

primary afferent input into lamina I originates from cu

t<lI1eous nociceptors ancl lhermoreceptors via A-delta 

fibers, Additional inpu t is conveyed by C fibers (from no

cicepto rs and thermo receptors) and by a small group of 

thinly myelinated muscle,  jOint ,  and visceral afferent 

fibers (Willis & Coggeshall, 1 991 ) ,  Most of the neurons 

of lamina I are classified as i n terneurons, although there 

are some tract neurons as well, 

Lamina II is known as t he substantia gelat inosa of 

Rola n d I, The many processes, the presence of small 

neurons, and the ab ence of myelinated axons gives this 

layer a gelatinuus appearance o n  close inspectiOn, The 

primary afferen t input into lam ina I I  enters by C afferent 

li.bers from cutaneous nociceptors, thermoreceptors, 

and mecha noreceptors, A few A-delta fibers also termi

nate here , The neurons of lamina I I  are interneurons, the 

dendrites of which arborize within the lamina and also 

project into other laminae, 

Laminae III  ami IV are s i milar and are described to

gether. These laminae (and sometimes the upper part of 

lamina V) are often referred to as the nucleus proprius ,  

The majority of the primary afferent input arrives via 

A-beta fibers, which transmit input from mechanorecep

tors such as pacinian corpuscles, peritrichial endings 

surrounding hair foUicles, ancl Meissner's corpuscles_ 

Although direct afferent input synapses on the interneu

rons within laminae I I I  and IV, the dend ritc:s of these 

interneurons also project dorsally i nto lamina I I ,  Some 

lamina II neurons also project axons ventrally into these 

laminae ancl thus influence laminae III and IV neurons 

and their sensory input.  Thus, considerable interlam inar 

communication occurs, The types of neurons present in 

these laminae include interneurons and some tract neu

rons, 

Lamina V forms the neck of the dorsal horn , PrimalY 

afferent input comes via A-delta fibers from cutaneOllS 

mechanical nociceptors and from group IJI  and IV m us

cle, joint, and visceral afferents (Willis & Coggeshall ,  

1 991) Addit ional input to this lamina is most likely re

ceived via the clend ritic projections located within more 

d orsal laminae, Although many i nterneurons are located 

i n  this lamina, there are some tract and propriospinal 

neuron cell bodies as well .  

Lamina VI i s  t h e  base o f  the dorsal horn a n d  thus 

is anatomically close to motor regions in the ventral 

horn, Th is lamina exists unly in cervical and lumbosacral 

enlargements, Proprioceptive information enters via 

large afferent fibers such as the group Ia f ibers that form 

the primary afferent input.  In addition, many descend

i ng tracts term inate in this area, Numerous in terneu

rons and propriospinal neurons are also present in thiS 

lamina,  

I n  sum mary, the first six laminae of the dorsal horn re

ceive sensory i nformation , Pain and temperature input 

appears to terminate primarily in superficial layers; me

chanical types of stimuli  terminate in the middle region; 

and proprioceptive i nput ends in the base of the dcrsal 

horn near the motor regions, Many of the laminae com

m unicate with each other via profuse dendritic branch

i ng and the axonal projections of their i nterneurons , 

This provides a mechan ism by which incoming sensory 

signals may be mod ified, 

Relationship Hetween the Dorsal Horn and Ihe 

Trlgenunal Nerve. The clorsal horn of the upper two or 

three cervical corcl segments has an interesting relation

ship with the trigeminal nerve, The trigeminal nerve 

(cranial nerve V) provides sensolY innervation to the 

skin of the face ancl to other structures, including the 

paranasal sinuses , the cornea, the temporomandibular 

joint ,  and the oral and nasal mucosae, Cranial nerve V 

(CN V) a lso supplies motor fibers to the muscles of mas

tication and several other small muscles of the heacl , The 

afferent fibers of Cl enter the brain Slel11 at the level 

of the pons and synapse in a n uclear column [ hal ex

tends from the mjdbrain through t h e pons and medulla 

ancl into the u pper cervical cord segmc:11lS,  The portion 

of the nuclear column located in the medulla and upper 

cervical cord segments is known as the spinal trigeminal 

nucleus (Fig, 9-4) Afferent fi bers conveying pain and 

temperature (and some touch) that enter the brain stem 

within CN V (and also in the facial and glossopharyngeal 

nerves) d escend as t he spinal trigeminal tract and 

synapse in this nucleus, As the spinal trigeminal nucleus 

continues from the medu lla i n to the upper two or three 

cervical cord segments, it blends with laminae I through 

IV of the dorsa l horn of those segments (Carpenter, 

1 991 ; Williams et a I . ,  1 989), Afferent fibers conveying 

similar information and traveling in dorsal roots of upper 

cervical nerves also synapse in these same laminae, In 

fact,  some of these cervical dorsal root afferents may as

cend into the rostral medulla and synapse in the spinal 

trigeminal nucleus (Abrahams, 1 989), 

The relationship between the dorsal horn and the 

trigeminal system is clinica l ly significan The region of 

convergence between synapsing sensory fibers of CN V 

and synapsing afferent of upper ce rvical  nerves be

comcs the a natomic ba is for pain referra l ( cervicogenic 

heacl pain or headache) from r he neck to regions inner

vat(: cl by C V (e,g" frontotemporal area), and vice versa 

(Lance, 1 989) 



Trigeminal n .  

Trigem inal gangl ion 

Maxi l la ry ---,----i) 
d ivision 

Mandibular 
d ivis ion 
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Spinal  trigem ina l  
---0'\---_ nucleu s 

r�-+-II---- Spinal trigem ina l  
tract 

Dorsal horn of 
spinal  cord 

FIG. 9-4 Trigeminal  system. The trigeminal nerve fibers conducting pain and tempera

ture enter the pons of the brain stem and descend in the medulla (<IS the spinal trigem

i na l  tract) and into the upper two or three cervical cord segments. They synapse in  the 

adjacent spinal trigeminal nucleus of the med ul la  and dorsal horn of the upper cervical 

corel segments. Note that tile descending fibers are arranged within the medulla such that 

the ophthalmic fibers are ventral, the mandibular fibers a re dorsal, a nd the maxil lary 
fibers are in between. 

Lmninul' \11 through X. Lamina VlI composes most 

of the intermediate region of the gray matter and also ex

tends into the ventral horn (see Fig. 9-3). The shape of 

la m ina VlI varies in d ifferent regions. For exa m ple, in the 

Tl to L2 or L3 segments, l amina VlI includes the latera l  

horn. Most pri mary afferent input into t h i s  lam ina and 

the remaining ven tra l horn is from proprioceptors. 

Other input comes from clescending tracts and pro

priospina l neurons.  Cell bodies of interneurons and pro

priospinal neurons a re numerous in this region . Clearly 

defined nuclei and cell  columns are also within l a mina 

VII. One of these is  the nucleus dorsa lis of Clark (nu

c leus thoracicus). This oval nucleus consists of tract neu

rons and is located in the medial part of la mina VlI in seg

ments C 8 or T I th rough L . It is best defined in the T l O  

to L 2  segm ents (Carpenter & Sutin, 1 983). T h e  axons of 

these neurons ascend ipsilaterally in the s p i n a l  cord 

white ma tter to the cerebellum as the dorsa l spinocere

bellar tract (see Ascending Tracts). Ano ther c e l l  column 

in lamina VlI is  th e i nterme d iol at eral c 11 co l u mn , which 

is located i n  the lateral horn in cord segm ellls  T I lU 1 .2 

or L3 and consists of autollomic motor n uron cell  bod

i s. The axons of these motor neurons are preganglion ic 
sympathetic fi bers that exit in the vent ra l root ,1l1d syn

apse in aULOnomic sympathetic ganglRi.  They are in

volveel with the innervation of smooth and cardiac Ill IIS

cles and glands.  In cord segments S2 to 54 the sacral 

autonomic nuc leus is fou nel , and although there is no 

lateral horn a t  that level ,  this n ucleus is located in a silll

i lar position to that of the intermed iola teral cell colu m n .  

The sacral autonomic nucleus contains cell bodies, tile 

,LXons of w h i c h form pregan > J ioni<.: pa rasy mpa t hetic 

f ibers. These fibers exit via the S2 to 54 ven tral roots, 
synapse i n  a utonomic ga ngl ia, and innervate the smooth 
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muscle and glands of the pelvic and lower abdominal re

gions. An addi tional group of neurons forms the inter

mediomedial nucleus of lamina VII. This is found in the 

medial aspect of this lamina and is considered by some 

authors to be the termination site of visceral afferent 

fibers (Carpenter & Sutin, 1 983). From this description, 

it is apparent that lamina VII is composed of all four neu

ron types: interneurons, tract, propriospinal, and motor 

neurons. 

Lamina VIII  is also located in the ventral horn. In 

spinal cord segments of the cervical and lumbar enlarge

ments, it is found in the medial aspect of the ventral 

horn. In thoracic segments, lamina VIII is located in the 

base of the ventral horn. Input  to the interneurons and 

propriospinal neurons of tllis lamina originates from de

scending tracts and from some proprioceptive afferents. 

Lamina IX is found in the ventral horn and consists of 

well-defined medial, lateral, and central nuclear groups 

of motor neurons (anterior horn cells) (see Fig. 9-3) 
(Williams et a I . ,  1 989). The position and presence of the 

groups val)' at different spinal regions. TIle medial group 

(subdivided into dorsal and ventral parts) is found in al l  

cord segments and provides the axons that innervate th 

axial musculature. The lateral group (subdivided into 

dorsal ,  ventral, and retrodorsal groups) is responsible for 

innervating the muscles of the extremities. These clus

ters of neurons are organized so that the more lateral the 

motor neurons, the more d istal the muscles they inner

vate . Also, the dorsal motor neuronal groups innervate 

the He, or muscles, and the ventral motor neuronal 

groups innervate the 'tensor mu sc\ s . The addition of 

these lateral motor neuronal groups in cord segments 

supplying the extremity m uscles creates a distinctive lat

eral enlargement in the ventral horn. 

The third n uclear group of lamina IX is the central 

group. This group has two major nuclei located in spe

cific cord segments. One nuclear column forms the 

phrenic lluCIt;US, which is found in the C 3 to C 5  seg

ment . The axons form the phrenic nerve, which pro

vides innervation to the diaphragm. The other nucleus is 

the accessory l1ucleus which is located in the upper five 

or six cervica l egments. Axons from this nucleus form 

the 'pinal root of the spinal accessory nerve (CN XI). 

They ascend in the vertebral canal dorsal to the denticu

late ligament and travel through the foramen magnum to 

enter the cranial cavity and briefly join the cranial root of 

CN XI. Subsequently, this nerve exits the cranial cavity, 

and the spinal root fibers branch away to innervate the 

sternocleidomastoid and trapezius muscles. 

Each of these three major groups of lamina IX includes 

alpha motor neurons , which project to extrafusal skele

tal muscle fibers, ancl gamma motor neurons, which in

nervate the contractile portion of the neuromuscular 

spind les located within skeletal muscles. The alpha and 

gam ma motor neurons are tightly packed into pools re-

sponsible for the innervation of a particular skeletal mus

cle. Both types of motor neurons receive input from 

neighboring interneurons, propriospinal neurons, and 

some descending tract fibers. Alpha motor neurons also 

receive the primary afferent fibers from neuromuscular 

spindles that form the sensory arc of the stretch (my

otatic) ret1ex (see Motor Control at the Spinal Level). 

The cell bodies of the alpha motor neurons are large and 

may range from 30 to 70 /-1m in size. As many as 20,000 
to 50,000 neurons may synapse on each motor neuron, 

indicating the tremendous amount of integration occur

ring at this cell. Gamma motor neurons are smaller 

( 1 0  to 30 /Jm) anel have a lower threshold to stimuli 

than alpha motor neurons (Davidoff & Hackman, 199 1 ; 
Williams et aI . ,  1989). In addition to the motor neurons, 

lamina IX includes some interneurons and propriospinal 

neurons (Barr & Kiernan, 1 993;  Carpenter & Sutin, 1 9S3;  
Williams et aI . ,  1989). 

The last lamina to be mentioned is lamina X. This re

gion forms the commissural area between the two 

halves of the gray matter and surrounds the central 

canal. It consists of internemons and some c1ecllssating 

axons. Lamina X receives input from A--delta fibers Lrans
mitting information from mechanical nociceptor and 

from group C visceral afferents (Willis & Coggeshall, 

1 99 1) .  Table 9-4 summarizes the types of neuron cell 

bodies found in each lamina, the primary afferent fiber 

types terminating in each lamina, and the laminae in 

which descending (motor) fibers from higher centers 

synapse. 

Dorsal Root Entry Zone 
Peripheral receptors anel the spinal gray matter are 

linked together through sensol), afferent fibers. 

Stimulated receptors transmit  their information to the 

CNS via peripheral processes. These processes may be 

claSSified according to their velocity of conduction as a 

group A or group C cutaneous fiber or as a group I, II, 

III, or IV fiber from muscle or joint receptors. Peripheral 

processes course with efferent motor fibers in periph

eral nerves, dorsal and ventral rami, and spinal nerves. 

They are processes of pseudounipolar neurons, the cell 

bodies of which form a dorsal root ganglion. This gan

glion is located in the IVF. The pseudoul1ipolar neuron 

also has a central process, which, with many other cen

tral processes, forms a dorsal root. Since each peripheral 

process and central process are components of one neu

ron, this sensory or afferent neuron does not synapse un

til it reaches the CNS. As the dorsal root approaches the 

spinal cord within the vertebral canal, it branches into 

numerous rootlets . Each rootlet becomes a myriad of 

fibers conveying various types of sensol), information. 

As the rootlet fibers enter the dorsal root entry zone, 

they become arranged into lateral and medial divisions 
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Table 9-4 General Su mmary of Input to a n d  Neurons in the La m inae of Rexcd 

L�min" Tract 

I X 

II  

I I I  (X)" 
IV eX) 
v x 
V1 (X) 
VII X 

\Il l !  ( X) 
IX 

X 

Types of neurons prese nt 

Motor Interneuron 

X 

X 

X 
X 

X 

X 
X X 

X 

X X 

X 

Proprios pinal 

X 
X 
X 

X 
X 

'All p:trcJl lilcscs indicate minor contrihution. 

( F ig. 9-5) .  The lateral division contains thinly myel inated 

and unmye l i na ted fibers, which incluue the nociceptive 

(pain) and temperature, or A-delta anu C, fibers. These 

fibers first en ter an area of white matter located at the tip 

of the dorsal horn cal led the dorsolateral tract of Lissauer 

anll then continue into the dorsal horn. Withi n  the dor

solater:ll tr:lct of Lissauer, colbteral branches of the e n

tering fibers are given off, some of which ascend a nd 

some of which descend a few segments before a lso 

synapsing in the dorsal horn. In add ition to the ascend

ing and descending branc\les, the dorsolateral tract of 

I.issauer also contains fibers from the substantia gelati

nosa ( I :1mina II), which Lnterconncct with laminae II of 

other levels .  

Th e medial d ivision o f  t h e  dorsal root entry zone con

tains large-d iam ler a nd intermediate-diam eter fibers 

from such receptors as propri oceptors (e .g . ,  neuromus

cular spindles) and mechanoreceptors (e .g. , Meissner's 

and pacinian corpusc les) . These fibers enter medial to 

T.issauer's tract.  Many ascend in the dorsal white column 

of the spinal cord to the medu l.la of the brain stem before 

synapsing, whereas others enter the dorsal horn from its 

medial aspect to synapse on neurons in deeper layers, in

cluding efferent motor nellrons for the stretch reflex and 

the traer neurons of Cl.a rke's nucleus (located in cord 

segments C8 or T l  through L3). 

When the primary afferents enter the dorsal horn, 

they synapse i n  the gray matter and release neurotrans

mitters . These neurotransmitters include eXCi tatory 

amino acids and neuro peptides. Many primary afferents 

appear to release glutamate (amI/or aspartate). 

Glutamate has been localized in perip hera l  nerves, d o r

sal root gangl ia,  dorsa l roots, and t he dorsal horn. 

Excitatory neuropeptides found in end ings of small-di

ameter primary a fferent fibers i nclude substance P and 

calcitonin gene-related pep tide (CGRP). Substance P ,  u t i

l ized by prim ary a tferents, is synthesized in the dorsal 

root ganglion ancl transported to the dorsal horn in 

Primal), afferent fiber type 

A-delta ,  (C) 

C, (A-delta) 

A-beta 

A-beta 

A-delta, I l l ,  rv 
I ,  I I  
I ,  I I  

(I . II) 

J ,  (Il) 
A-delta 

Term ination of desce nding motor fibers 

(X) 
X 

X 
X 

X 

ex) 

smal l-diameter nociceptive fibers .  The fibers' terminals 

are prevalent in laminae [ a nd II.  CGRY has been located 

in dorsal root ganglion bodies (often local ized a long with 

substance P), in group A-delta and C dorsal root fibers, in 

Lissauer's tract, a ncl in endings of afferent fibers that 

synapse in dorsal horn laminae. A d ditional excitatory 

neuropeptides released by small-diameter afferent fibers 

are less well known and include so matostatin,  cholecys

toki nin, thyrotropin-releasing hormone, ami vasoactive 

intestinal polypeptide (Willis & Coggeshall ,  1 99 1 ) .  

[n su mmary, the pathway for sensory information can 

be generally described as beginning i n  a peripheral re

ceptor and continuing through peripheral nerves, dorsa l  

o r  ventral ra mi,  spinal nerves, dorsa l roots, and dorsal 

rootlets. Within each rootlet a fiber travels in either the 

medial o r  the lateral d ivision. Once in the spina l  corel, 

the fiber's furure course depends on the type of i nfor

mation it is conveying. Most fibers terminate i n  various 

laminae of the gray m atter. The next section describes 

the white m atter of the spinal cord and the continuation 

of sensory i nformation to h igher cen ters. 

White Matter 
The white m a tter of the spinal cord is seen in cross sec

tion to be a distinct region located periphera l  to the gray 

matter. It conta ins myeli nated ancl unmyel inated axons, 

glial cells, anc\ capi l laries. The white matter consists of 

three regions: a dorsal funiculus (column) between the 

dorsal horns, a lateral funicul us (column) between each 

dorsal horn a nd ventral horn, and a ventral fu niculus 

(column) between the ventral horns. Tracts, or fasciculi,  

are present within each of these regions (Fig. 9-6). These 

may be ascending tracts, which convey sensory infor

mation to higher centers, or descending tracts, which 

originate in higher centers and send descending signals 

to the corcl . These descending signals are involved pri

marily with some type of motor Lnformation. Each tract 
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(6 segment 

Ventral horn 

FIG. 9- 5 Dorsal root entry zone. The lateral d ivision fibers uti l ize the dorsolateral traer of 

Lissauer to enter the la minae associated with nociception (pa in) and temperature. ColJater;lI 

branche� of these fibers ascend and descend in Lissauer's tract before they enter the dorsal 

h()rn of nearby segments . The medial  d ivision fibers, which inct ude large-diameter fibers , en

ter the cord med ial to Lissauer's tract, where many ascend and descend. Others enter the me

d ial  aspect of the gray marter to synapse in variolls laminae, such as lamina IX of the ventral 

horn , the locarion of alpha motor neurons. 

contains axons that have a common origin , destination, 

and function.  During a n e urologic examination, the in

tegrity of certain tracts is tested . Therefore familiarity of 

the location of these tracts aids the clinician i n  localizing 

lesions within the eNS. 

Ascending Tract ... Ascending tracts convey informa

tion t h a t  has originated from a stimulated peripheral re

ce ptor l ocated in the skin, muscles, tendons , jOints, or 

visetTa . This stimulated receptor transmits a n  action po

tential via the perip heral and central processes of sen

sory (afferent )  neurons to the eNS. The sensory fi bers 

that convey the JCtion potential from the peripheral re

c e p tors are sometimes referred to asJirst-order neurons, 
since they are the fint neuron in a chain of neurons that 

proceeds to a higher center (Fig. 9-7). On enteri.ng t he 
cord . Ilumerous lirsl-order neuron ... s ynapse on neu rons 

in the gr�ly ma tter of the spina l cord , while others ascend 

a nd synapse i n  n uclear gray matter in the caudal medulla 

of the brain stem. The next neuron of the chain that 

leaves the gray matter of the corel or medulla to ascend 

to higher centers is known as the second-order neuron. 
Along with many others, this neuron makes up a specific 

tract.  If sensory information is perceived consciously, 

the second-order new·on dec ussate !'; a nd su bsequent ly 
synapses with a th ird-order neuron in a nucleus in U,e 

th,llalllus , which is located in the d iencephalon of the 

b rain.  The tbird-o rder 1U!lI }"OI1 is necessary to complete 
the chain to the ce rebl,l l corte . All sensory information 

traveling to the cerebral cortex (except olfaction) syn

apses in the thalamus before terminating in the cortex. 

When consiclering the tracts of the eNS, certain im

portant characteristics should be identified . These in

clude the direction of the tract (i . e . ,  ascending or de-
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spinocerebel lar tract 
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Spino-ol ivary tract 
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FIG. 9-6 Cross section of the spinal cord illustrating the organization of white matter into 

fascicu l i  and tracts. Boundaries usually overlap but are well defined here for i llustrative pur

poses. Ascending tracts are indicated on the left side (green) . Descending tracts are indicateu 

on the right side (J)ettow); the fasciculus proprius is also shown (blue) . 

scending, which is usually indicated by the name), the 

specific type of information the tract is conveying, if the 

tract crosses, and the location of crossing. The ascending 

tracts are discussed first beginning with the most clini

cally and anatomically releva nt .  These major tracts are 

weH defined, and much information has been gathered 

about them . Secondary tracts are then discussed, about 

which limited information is available. They appear to 

supplement the major tracts by conveying similar types 

of information. 

Dorsal column-medial lemniscal system. The first 

system of ascending fibers to be discussed is the dorsal 

column -medial lemniscus (DCML) .  Dorsal column 

refers to the first-order fibers located ipsilaterally (in ref

erence to the side of fiber entry) in the dorsal white col

umn of the spinal cord . Medial  lemniscus refers to the 

second-order fibers located contralaterally in the brain 

stem. The DCML system conveys discriminatory (two

point) touch ,  some light (crude) to uch , pressure, vibra

tion, joint pOSition sense (conscious propriocep tion), 

stereognosis, and graphesthesia. This input provides 

temporal and spatial discri minatory qualities that are per

ceived subjectively. 

The peripheral receptors, which are mechanorecep

tors, have been discussed previously in this chapter. The 

aiferent fibers of these mechanoreceptors are large-di

ameter (group A) fibers; therefore they are located in the 

medial division of the dorsal root entry zone and subse

quently enter the cord just medial to the dorsolateral 

tract of Lissauer. As these fi rst-order neurons enter, they 

bifurcate i nto long ascending and short descending 

bra nches. The descending branches descend as the fas

ciculus interfascicularis in the upper half of the cord and 

as the fasciculus septomarginalis i n  the lower cord seg

ments (see Fig. 9-6). These synapse i n  spinal gray matter 

and are involved in mediating retlex responses. The 

longer fibers ascend ipsilaterally in the dorsal (white) 

column of the cord and continue into the medulla of the 

brain stem (Fig. 9-8). The first synapse oeurs here in the 

nuclei graCilis and cuneatus, which are deep to the tu

bercles of the same name (Fig. 9-9, A). As the first-order 

neurons enter the dorsal white column, each neuron 

comes to lie more lateral to the fibers that entered more 

i nferiorly. For example, i nformation entering via a !tun
bar nerve ascends in the dOl-sal colLUn n  in axons located 

lateral to the axons conveying information entering via a 

sacral nerve. In a cross section of the C3 spinal cord, 
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FIG. 9-7 Neuronal organization of ascending information ro the cerebral cortex.  Note that 

there are three neurons involved. The first-order neuron (blue) cell body is in the dorsal root 

ganglion. The second-order neuron cell body is located in either the gray matter of the spinal 

cord or medulla of the brain stem. Its axon (red) ascends contralateraUy and terminates in the 

thalamus. The third-order neuron (green) courses to the cerebral cortex. 
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FIG. 9·8 The dorsal column-medial lemniscus (DC-ML) system. The cross sections are 

through various locations of the eNS and show the location of the ascending fibers. The as

cend ing fibers are color coded (ve/lolU, sacra l ;  red, lumbar; blue, thoracic; green, cervical) to 

correspond to their cord level of ently. Note the organization of these fibers as they ascend to 

the cerebral cortex. 
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(7)(,- 9-9 A, Dorsal view of the brai n  stem. The cerebellum has been removed to expose the 

floor of  the fourth ventricle, B, Superior surface of the cerehel lum showing the termination 

s i tes (verma] and paravermal zones) of the dorsal and ventral spinocerebellar and cllneocere

bella r tracts. 

fi rst-order neurons conveying information (specific for 

the DC-ML system) from areas of the body innervated by 

sacral nerves are found most medial, followed in a lateral 

sequence by axons conveying information from areas in

nervatecl by l umbar, thoracic, anel cervical nerves,  

At tbe m id thoracic leve l of tbe corel ami above, tile 

dorsal column is divided by the dorsal intermediate sul

cus into a mecl ial  fascic u lus graci l is ami a latera l  fascicu

lus cuneatus,  The dorsal intermediate sulcus extends 

ventrally from the cord 's peripbery to about one-half the 



way into the dorsal column. This sulcus acts as a me

cl1anical barrier preventing medial migration of the 

cuneate fibers (Smith & Deacon, 1984). Thus the fasci

culus gracilis, which is found in all cord segments, in

cludes axons of midthoracic, lumbar, and sacral nerves 

ami therefore generally conveys information from the ip

silateral lower extremity. Smith and Deacon (1984) in

vestigated the dorsal colLUnns of human spinal cords and 

found that the orientation of the fasciculus gracili s  fibers 

varied. In the most caudal part of the fasciculus, the 

fibers were oriented parallel to the medial side of the 

dorsal born, wbereas the upper lumbar and lower tho

racic fibers were parallel to tbe dorsal median septum. 

However, the rema ining fibers were Oliented obliquely 

in a ventromedial-to-dorsolateral fashion. Tbe authors 

also found tbat some overlapping of fibers occurred 

within tbe fasciculus gracilis but little if any between the 

two fasciculi. 

The fasciculus cuneatus includes axons of midtboracic 

and cervical nerves and, in general, conveys information 

from the ipsilateral upper extremity (Fig. 9-8) . In addi

tion to the mediolateral arrangement of fibers in the dor

sal column, the type of modality is orga nized during the 

fibers' ascent such that input from hair receptors is su

perfiCiaL whereas tactile and vibratory information as

cends via deeper fibers (Williams et a I . , 1 989). Smith and 

Deacon ( 1 984) demonstrated that in each of the upper 

thoracic and cervical segments, the cross-sectional shape 

of each fasciculus was different and thus characteristic 

of that particular segment. The authors also believe the 

fasciculi gracilis and cuneatus should be regarded as sep

arate anatomic entities. 

As mentioned, the first-order neurons of the fasciculi 

gracilis ancl cuneatus synapse with second-order neu

rons in the nuclei of the same name i n  the caudal 

medulla. The axons of the second-order neurons deClls

sate (cross) in the caudal medulla, and as they do so, 

they form a bundle of fibers known as the internal arCll

ate fibers (Fig. 9-8) These second-order neurons then 

ascend through the brain stem as a fiber bundle known 

as the medial lemniscus. The lemniscal fibers are orga

nized in the medulla such that information originating 

from the lower extrem ity and transmitted to the spinal 

cord in lumbar and sacral nerves is conveyed by fibers 

that are ventral to fibers conveying information originat

ing from the upper extremity and transmitted to the 

cord in (primarily) cervical nerves. In the pons the fibers 

shift so that the lower extremity information is conveyed 

by fibers located lateral to the fibers conveying informa

tion from the upper extremity. In the m idbrain of the 

brain stem, the lower extremity fibers become located 

dorsolateral to the upper extremity fibers. 

Clinically, it is imperative to recognize that the decus

sation of fibers occurs in the medulla. A uni lateral Ie ion 
(trauma, vascular insufficiency, tumor, etc.) in the m 
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dial l emn iscus of the brain stem p rod uce s contralateral 

Llefic i l s  (e.g., loss of vibration, loss of  joint position 

sense), whereas a lesion in the d ( )rsal col umn oJ the 

'pina l cord p rod uces ipsilateral deficits. 

The medial lemniscus ascends to the ventroposterior 

(lateral part) nucleus of the thalamus and synapses on 

third-order neurons (Fig. 9-8) . The axons of the third

order neurons travel in the internal capsule (a mass of 

axons going to and coming from the cerebral cortex) 

and in the corona radiata to the primary sensolY area of 

the cerebral cortex, which is located in the postcentral 

gyrus and paracentral lobule (posterior part) of the pari

etal lobe (Figs. 9-8, 9-10,  and 9-1 1) .  The DC-ML system 

maintains the spatial relationships of all parts of the boely 

throughout its course in the CNS and allows the surface 

and underlying body structures to be mapped onto the 

primary sensory area of the cerebral cortex. This ar

rangement is referred to as somatotopic organization. 

Anterolateral system. The remaining tracts dis

cussed in this chapter follow a basic plan in which first

order neurons synapse in the spinal cord gray matter. 

One group of tracts conveys nociception (pain) and tem

perature and some light touch. The tracts of this group 

ascend in the a nterolateral quadrant of the spinal cord 

white matter ancl are col lectively called the anterolateral 

system. This system consists of the spinothalamic, spi

noreticular, and spinotectal (spinomesencephalic) tracts 

(Martin & ]essell, 1 99 1 a; Nolte, 1993 ;  Willis & 
Coggeshall, 1 99 1 ;  Young, 1 986) . The first-order neurons 

of all these enter the cord via the lateral division of 

the dorsal root entry zone, pass into the dorsolateral 

tract of Lissauer, and then synapse in spinal cord laminae 

(Fig. 9-1 2) .  

The spinothalamic fibers are divided into paleo

spinothalamic and neospinothalamic tracts. Second

order fibers of both originate in laminae I, IV to VI, and 

even from laminae VII and VIII (Hodge & Apkarian, 

1990; Noback, Strominger, & Demarest, 1 991; Williams 

et aI., 1989; Willis & Coggeshall, 1 991; Young, 1 986) Of 

all of the anterolateral tracts, the neospinothalamic tract 

is the newest phylogenetically and is best developed in 

primates. It conveys sharp or A-delta fiber nociception 

(pain), temperature, light (crude) touch, and pressure. 

(Sometimes [Carpenter, 199 1 ;  Snell, 1992] , perhaps 

unnecessarily [Barr & Kiernan, 1993;  Nolte, 1 993] ' 

this tract is divided into a lateral spinothalamic tract, 

which is thought to convey nociception and tempera

ture, and a ventral spinothalamic tract conveying light 

touch and pressure.) The second-oreler fibers decussate 

in the cord's ventral white commissure within one or 

two segments of entry and ascend contralatcrally 

through the brain stem to the ventral posterior (lateral 

part) nucleus of the thalamus, where they synapse on 

third-order neurons (Fig. 9-1 2, A). The third-order nell-
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FIG. 9- 1 0  Lateral view of the brain showing the primary mo

tor (precentral gyrus), premotor, and primary sensOlY (post

central gyrus) areas of the cerebral cortex. 

rons ascend to the sensory part of the cerebral cortex, 

which is the postcentral gyrus and paracentral lobule 

(posterior part) of the parietal lobe (Figs. 9-1 0  and 9-1 1) .  

The typc o f  pain information ascending in this tract, ex

emplified by a pinprick, is well localized and discrimina

tory. The fibers ascend in the spinal cord in a sonuto
topiC fashion such that the axons conveying in formation 

from sacral nerves are roOSt ,� tJ pe .rli.c.ial and axons 0\ 

veying i n formation from cervica.l nerves lie near the ven

tral hor . 

The paleospinothalamic tract conveys dull ,  achy, or 

slow C-fiber nociception (pain) and also temperature. 

The second-order fibers decussate in the ventral white 

commissure to ascend in the brain stem (Fig. 9-1 2 , A). It 

is generally agreed that the spinothalamic tract sends 

some collateral branches to the reticular formation of 

the brain stem on its course to the thalamus (Barr & 
Kiernan,  1 993 ;  Snell ,  1 992). It is speculated that these 

colla teral branches may originate from the paleo

spinothalamic tract (Young, 1 986). When reaching the 

thalamus, the second-order neurons of the paleo

spinothalamic tract synapse in the i ntralaminar nucleus. 

From this nucleus, third-ordn neurons travel to wide

spread areas of cerebral cortex and even to areas of the 

Cerebel lum 

Paracentral 
lobule 

Medul la  
oblongata 

Med ia l  
frontal gyrus 

Superior col l icu lus 
of the midbra in 

Pons 

FIG. 9- 1 1  Medial view of the brain .  The paracentral lobule, 

wh ich is the continuation of the primary motor arC:l (precen

tral gyrus) and pri mary sensOlY areas (postcentral !,'}'rus) of the 

cerebral cortex, is indicated. The med ial  frontal gyrus (poste

rior region) is the location of the supplementary motor area . 

limbic system, which is involved with emotions and be

haviors necessary for survival .  

The spinoreticular tract originates from second-order 

neurons located primarily in laminae VlI  and V I I I  (J esseLl 

& Kelly, 1 99 1 ;  Willis & Coggeshall, 1 99 1 ; You ng, 1 986) 

The second-order fibers ascend bilaterally to the 

med ullary and pontine reticular formation, with a mi

nority of uncrossed fibers reaching the medtl ila (Fig. 
9-] 2 ,  B). From the reticular formation, neurons project 

to the intralaminar thalamic nucleus and from here to 

widespread areas of cerebral cortex. It is thought that 

the spi noreticular tract conveys dull ,  slow pain and 

other cutaneous information associated with alertness 
a nd consciousness. The brain stem r t ie ular formation is 

part of t he ascending reti ular a - t ivaling ysten (ARAS), 
which functions i n  arousal from sleep and mainrena nc 

of alertness and a ttentiveness. 

The third tract found in the anterolateral quadrant 

consists of a group of fibers that terminates in the 

midbrain and is called the spinomesencephalic tract 

(Fig. 9-1 2 , B) (Jessell & Kelly, 1 99 1 :  Martin & Jessell, 

1 99 1 a; Nolte, 1 993;  Willis & Coggeshall ,  1 99 1 ;  Young, 

1 986). Others refer to this tract as the spinotectal tract 

(Barr and Kiernan, 1993;  Carpenter, 1 99 1) .  This crossecl 
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t ract originates primarily in lami nae I and V and con

veys pain and temperarure information to midbrain 

nuclei slIch as the superior colliculus and to the peri

aqueductal gray ( PAG) of the midbrain (Figs. 9-9, A ,  9- 1 1 ,  

and 9- 1 2 ,  B) The superior coll iculus is thought to 

be concerned with spinovisual reflexes, for exa mple, 

turning the head and eyes toward a stimulus (Williams 

et a I . ,  1 989) . The PAG has been imp licated as being 

part of an endogenous pain control system. The PAG 

is capable of modulating pain circuitry in the dorsal 

horn of the spinal cord via the descending raphe

spinal tract (see Other Descending Fibers). 

Clinically, it is important to remember that conscious 

pain and temperature information ascends contra later
ally in th e an tcrolat ' al region and that the decussation 

of the second-order fibers occurs withjo the ventra l 

wiJ it · com ll1 issun:: within one or two segmtnts of ent� . 
Therefore a lesion in the spinal cord or brain stem pro

d uces a cOD tmlateral loss of pain and tempemt l e .  

Spillocervicotbal�mlic tract. Another tract involved 

with conveying cutaneous sensations sllch as touch, vi

brat ion , and pain is the spinocervicothalamic tract,  first 

rccogniz 'd in 1 955.  First-order neurons terminate in 

the gray marter of the dorsal horn . Axons of tract 

neurons in laminae III to V (Willis & Coggeshall, 1 9 9 1 )  

:lscl:'ncl ipsilaterally i n  the dorsolateral funiculus t o  syn

apse in the lateral cervical nucleus. This nucleus i 10-
cat 'd i n  the white matter lateral to the tip of the dorsal 

horn in the first three cervical cord segments and in the 

lower medulla. Axons of this nucleus decussate and as
o:nd with the medial  It.:mniscus to the thalamus and sub

sequently to the cerebral cortex. Although the lateral 

cervical nuclcu� is prominent in many mammals ,  espe

cially camivores, "nel is l ikely part of an important so
matosensory pathway, its presence ancl importance i n  

humans are controversial .  

Spinocerebellar tract .... The next group of ascend

ing ( fa ·ts are those that terminate in the cerebellum and 

convey unconscious proprioception . Numerous spi

nocerebellar tracts have been imp l icated , a l though all 

their origins a re not well known (Ekerot, Larson ,  & 
Oscarsson, 1 979; Grant & Xu, 1 988; Xu & Gra nt, 1 988). 

The best known of these are the dorsal spinocerebellar 

tract, the cuneocerebellar tract, ancl the ventral spi

nocerebellar t ract .  

DORSAL SJ>lNOCEREBEI.l.AR TRACT. Tile dorsal spillocere

b l iar tract CDSCT) is located on the periphery of the 

lateral fu niculus ventral to the dorsolateral tract of 

Lissa u-T and lateral to the lateral corticospinal tract (see 

Fig. 9-6). It begins in the L2 or L3 segments and ascends 

(Fig. 9-1 3). The cell bod ies of these tract fibers are 
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10calnl in the nucleus dorsalis (thoracicus) or Iarke ' � 

nucleus. This nucleus is loca ted in lamina VII in conI 

segments C8 or Tl through L3 and is best developed 

in the T l O  to T 1 2 segments (Carpenter & Sutin, 1 983) . 

The DS . is believed to carry information from the 

trunk aocl lower extremities. First-order neurons enter

ing at the levels of C8 or T 1  to L3 synapse in Clarke 's nu

cleus. However, first-order neurons entering in dorsal 

roots L4 and inferiorly first ascend in the fascicu lus gra

cilis to reach Clarke's nucleus in the lower thoracic ancl 

upper lumbar segments, where they then synapse. Since 

the second-order neurons oIiginating from Clarke's nu

cleus ascend in the lateral white column as the DSCT, 

the tract itself is onl}' pre en[ at the levels where Clarke ' 

n ucleus is fou nd and superiorly , that is, L3 and above. 

The DSCT ascends into the med ulJa of the brain stem 

and then exits the medulJa via the inferior cerebellar 

p eduncle to terminate in the verma I and paravermal re

gion (spinocerebellum) of the cerebel lum (Figs. 9-9, B, 

and 9- 1 3) .  

CUNEOCEREBELLAR TRACT. The upper l imb eqUivalent 

to the DSCT is the cuneocerebellar tract .  Its first-order 

fibers enter the spinal cord and ascend in tIle fasciculus 

cuneatus into the caudal medulla (Fig. 9- 1 3) .  Here they 

synapse in the lateral or  accessory cuneate nucleus, 

which is lateral to the nucleus cuneatus of the DC-ML 

system. A.'Cons from the lateral cuneate nucleus form the 

cuneocerebellar tract and course with the DSCT, leaving 

the brain stem via the inferior cerebellar pecluncle ancl 

tenlli nating in the vermal and paravermal regions of the 

cerebellum. 

VENTRAL SPINOCEREBELLAR l'RACT. A third tract that is 

involved with lower extremity unconscious propriocep

tion is the ventral spinocerebellar tract (VSCn (Fig. 

9-1 3) .  This tract does not originate in Clarke'S nucleus 

but instead originates from spinal border cells located in 

the p�rip hery of the ventral horn (Grant & Xu, 1 988; Xu 

& Grant,  1 988) and from other neurons l ocated in lami

nae V through VII in cord segments L l  and below 

(Carpenter & Sutin,  1 983;  Noback et aI . ,  1991) .  The ma

jority of the tract fibers decussate in the ventral white 

commissure ancl a re first observed in the lower lumbar 

cord segments (Carpenter & Sutin, 1 983) . They ascend 

in the lateral white column just ventral  to the DSCT. The 

VSCT ascends through the med ulla and into the rostral 

pons and then exits the brain stem via the superior cere

bellar peduncle (Fig. 9-9, A). Before terminating in the 

verma I and paravermal regions of the cerebellum (Fig. 

9-9, B) , the majority of the tract fibers decussate again 

wi thin the cerebel lum and thus terminate in the cerc

bellar hemisphere ipsilateral to the side of the boely 

where the primary afferent fibers originated. The upper 
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extremity equivalent to the YSCT, called the rostral spi.n

ocerebellar tract, rarely is seen in h u mans and is not de

scribed here. 

• • • 

The tracts just discussed are somatotopically orga

nized. The DSCT and YSCT tenninate in the region of 

the cerebellar cortex for the lower l i mbs, and the cu

neoce re bellar tract ends in the upper l imb area of the 

cerebellum. These tracts are involved with muscle coor

d ination d u ring movements and maintenance of pos

ture (Carpenter & Surin, 1 983). The DSCT and cllneo

cerebellar tract neurons receive input monosynaptically 

from neuromuscular spindles and GTOs from individual 

limb m uscles, jOint receptors, and also from cutaneous 

(touch and pressure) receptors (Carpenter & Sutin , 

1983;  Ekerot et aI. , 1 979; Williams et aI . ,  1 989). Rather 

than receiving i nput from an individual mllsc le,  the 



VSCT is thought to convey information from one syner

gistic muscle group acting on each joint (Carpenter & 
Sutin, 1 983) Based on feLine studies, some authors 
(Ekerot et aI. , 1 979) believe the VSCT neurons are ex

cited or inhibited by segmental motor centers. The mo

tor centers are complex interneuronal pools that receive 

input from primary afferents and descending tracts and 
then synapse on local motor neurons. The centers may 

also be involved with pattern generator areas for au to

matic movements such as stepping. Therefore, since the 

VSCT may be relaying information back to the cerebel
lum in response to some descending input into the seg

mental motor centers, the VSCT may aid in monitoring 

the activity of descending paths (Noback et aI. , 1 99 1 ) . 

OTHER PROJECTIONS TO THE CEREBELLUM. In addition to 

the spinocerebellar and cuneocerebelJar tracts, which 

project to the cerebellum with few synapses, other less 

direct tracts also convey proprioceptive information to 

the cerebellum by way of brain stem nuclei. One of 
these tracts is the spino-olivary tract. Second-order neu

rons from the spinal gray matter decussate in the cord 

and ascend to the inferior olivary nucleus, which is lo

cated deep to the olive of the medulla (see Fig. 9- 1 5) .  

From the inferior o l ivary nucleus, the axons project 

tb rough tbe inferior cerebellar peduncle to the con

tralateral side of the cerebellum . Another group of non

descript fibers forms the spinovestibular tract. The ex

act location of this tract is unclear, although it does as

cend ipsilaterally and terminates in the lateral vestibular 
nucleus of the vestibular complex, which is located in 

tbe floor of the fourth ventricle of the brain stem (Fig. 

9-9, A). This nucleus, which projects to the ipsilateral 

side of the cerebellum, also receives a major projection 

from the receptors for balance located in the inner ear. 

• • • 

In summary, unconsciolls proprioception to the cere

bellum is conveyed in the DSCT, cuneocerebellar tract, 
ami VSCT, which lise the fewest synapses and are thus 
the fastest, and also in the spino-olivary and spino

vestibular tracts. Pain and temperature sensations are 

conveyed in the anterolateral quadrant in the spinothal

amic, spinoreticular, and spinomesencephalic tracts, 

which cross in the spinal cord . Discriminative qualities 

of sensation (e.g. , two-point touch) ascend in the DC-ML 

system, which decussates in the lower medulla. Light 

(Clude) touch ascends in both the spinothalamic tract 
and the DC-ML system. 

Clinically, the most importan t  ascending tracts are the 

DC-ML and spinothalamic. These tracts convey informa

tion that can be tested during a neurologic examination,  

sllch as vibration, joint position sense, stereognosis, light 

tOllch, pain, and temperature. Since lesions may disrupt 

these tracts, it is crucial tha t their functions, locations 
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within the CNS, and points of decussation be remem
bered in order to localize the lesion site. 

Descending Tracts. As d iscussed in the previous sec

tion, ascend ing tracts convey sensory information to 

higher centers. Some of this processed information is in

tegrated to enable the human brain to form a conscious 

perception of the environment. Sensory input also is 

used by autonomic centers to help mai ntain homeostasis 

and by motor centers to allow for efficient control of so

matic movement. Continuous sensory input such as vi

sual, auditory, cutaneous, and proprioceptive input 

keeps higher centers informed about such facts as an ob

ject's location in space relative to body position and 

body pOSition (statio nary or moving) in  space.  This in

formation is integrated and assessed and used for pro

gramming and adjusting movements (Ghez, 1 99 1 a). 

Three major motor areas receive this input and are in

volved with controlling movemen ts . They are arranged 

in a hierarchy, and the first is the spinal cord . Neurons in 
the spinal cord form local circuits that are involved with 

reflex and automatic movements. The second motor 

area is the brain stem , which includes nuclear regions 

that receive input from ascending tracts and also infor

mation from the eyes, inner ear, and even higher cen

ters. The brain stem in turn sends information back to 

spinal cord neurons to modulate circuitry and thus to in

fluence the alpha and gamma motor neurons involved 

with postural adjustments and with the con trol of coor

dinated head and eye movements. The third motor area 

is the cerebral cortex. The fron ta l  lobe of the cerebral 
cortex includes three specific motor areas: primary, lo

cated in the precentral gyms and anterior part of the 

paracentral lobule; premotor, located in the region ante

rior to the precentral gyms; and supplementary, located 

in tbe medial fron tal gyrus anterior to the paracentral 

lobule (see Figs. 9- 1 0  and 9-1 1 ) .  These areas project di

rectly to the spinal cord and to brain stem nuclei ,  which 

in turn project to the sp inal cord . The premotor and 
supplementary areas also project to the adjacent primary 
area and , in general ,  are involved with coord inating and 

planning complex motor activities (Ghez, 1 99 1 a) .  Two 

additional higher centers, the basa l ganglia and cerebel

lum, through their projections to the cortex and brain 

stem nuclei, are also involved with planning, coordinat

ing, and correcting motor activities . 

All these motor areas provide control over such ac tiv

ities as maintaining balance and posture and performing 
skilled movements. In general ,  three classes of move

ments can be described. These classes, which may func

tion separately or be combined, are reflex movements, 

which are the Simplest and involuntary; automatic move

ments such as locomotion,  which are rhyt hmic and vol

un tary at their initiation and cessation; and voluntary 

movements, which are performed for a purpose and 
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may be learned and subsequently improved. Voluntary 

movements vary i n  complexity from turning a doorknob 

to playing the piano (Ghez, 1 99 1 a). 

All thTee types of movements are influenced by the 

brain stem and cerebral cortex. These areas produce 

two sets of parallel descending pathways, through 

which they can control somatic moto r  activity by indi
rectly (via interneurons) and directly infl uencing the al

pha and gamma motor neurons that innervate the mus

cles that produce movements. Although most descend

ing tracts are involved with somatic motor control, some 

influence primary sensory afferents and autonomic func

tions. The location of the tracts within the spinal cord 
are described in general terms because their bOLlndaries 

often overlap. 

Corticospinal tract. The largest descending tract is 
the corticospinal tract (CST), which is often referred to 

as the pyramidal  tract (Fig. 9- 1 4) .  This tract transmits in

formation concerning voluntary (especially skillful) mo

tor activity. The vast majority of the fibers (80%) origi

nate in the motor cortex of the frontal lobe (Schoene n, 

1 99 1) ,  although some cell bod ies are located in the p ri

mary sensory cortex. The CST courses through the in

ternal capsule ami continues to descend within the ven

tral (basal) portion of the brain stem (Fig. 9- 1 4) .  I n  the 

medu l la the fibers become very compact and form two 

elevations called the medullary pyramids (Fig. 9- 1 5) At  

the caudal level of the medu lla, 80% to 90% of the fibers 

cross as the pyramidal decLlssation. The crossed fi bers 

become the lateral CST and descend in the lateral white 

column (fu n iculus) of the spinal corel between the fasci

Cli lus proprius and the DSCT. When the DSCT is not 

present, the lateral CST may extend to the periphery of 

the cord . 

The CST is relatively new phylogenetically and found 
only in mammals. It is best developed in humans and be
Come ' ful ly myelinated by rhe:: e::nu of the second year of 
life . In each h u man medul lary pyramid,  there are ap

proximately 1 million axons, and approximately 94% are 

myelinated (OeMyer, 1 959). A..xons with a d iameter of 1 

to 4 )..1m make up about 90% of the tract fibers (Carpenter 

& Sutin, 1 983;  Wi l l iams et a I . ,  1 989). As the tract de

scends in the wh ite matter, the size of the tract becomes 

progressively smaller. In the cervical cord segments, 
5 5% of the fi bers leave the tract and synapse on neurons 

in the gray matter. (It is  tmderstandable that such a large 

percentage of fi bers terminates in these segments, since 

this is the location of the neurons that supply the mus
cles of the upper extremity, i ncluding the hand , which 

can perform highly skilled movements .)  The gray matter 

in the thoracic cord segments receives 20% of the de
scend ing fi bers, ami the gray matter of the lumbar and 

sacral segments receives the remaining 25% of the tract 

axons. The lateral CST, as with the spinothalamic and 

DC-ML tracts, is somatotopically organized. The fi bers 

that synapse in the cervical segments are located most 

media l ,  followed laterally by the fibers that synapse in 

the thoracic, lumbar, and sacral segments, respectively. 

The lateral CST fibers telwinate in laminae IV to VII. 

Some also synapse directly on motor neurons in lamina 

IX. Rat studies have shown that at least some of these 

fibers release the neurotransmitters glutamate ami aspar

tate, which are thought to be excitatory (Carpenter, 

1 9 9 1 ) .  

A small number (abou t  2%) o f  the fi bers that d o  not de

cussate descend ipsilaterally just ventral to the lateral 

CST. These thin fibers synapse in lam ina VII and in the 

base of the dorsal horn (Carpenter, 1 991) .  The larger re

maining group of uncrossed fibers forms the ventral CST 

(Fig. 9- 14).  This tract descends in the ventral white fu
nicu lus and is best seen in cervical segments. Before ter

minating in the intermediate gray and ventral horn (pri

marily lamina VII), most fibers cross in the ventral white 

commissure. Therefore approximately 98% of all corti

cospinal fibers terminate contralaterally. 

Studies by Nathan, Smith, and Deacon ( 1 990) have re

sulted in more information concerning adult human 

spinal cord CSTs. They fonnd that the extent of the area 

occupied by the lateral CST varied as a result of the size 

of the dorsal and ventral horns, the width of the fascicu

lus proprius that surrounds the gray matter, and the 
shape of the cord . In some cases the CST extended 

throughout a wide area of the dorsolateral white col

umn, reaching the cord 's periphery, and even extended 

ventral to a coronal plane through the central canal. In 
cervical regio ns the lateral CST varied from segment to 

segment, whereas in thoracic segments it became more 

constant .  

This variability is important clinically because surgical 

procedures, snch as percutaneous cordotomy and dorsal 
root entry zone coagulatio n, may damage these fibers 

because of the tract's proximity (although the denticll

late l igament provides a landmark) to the anterolateral 

system and to entering dorsal roots, respectively. The 

ventral CST also was described by Nathan and colleagues 

( 1 990) as being located in the ventral white funiculus ad

jacent to the ventral median fissure. Although some au

thors believe it is found primarily in cervical and upper 

thoracic levels (Carpenter, 1 991 ; Nolte, 1 993;  Snell ,  
1 992 ;  WilJiams et a I . ,  1 989), Nathan and his colleagues 

( 1 990) found that it was a distinct tract, and in some 

cases it extended into sacral segments. Curiously, but of 

related interest, they also found that cord asymmetry 

was a common characteristic. In the 50 normal spina l 

cords stud ied , 74% were asymmetric, and in spinal cords 

of 22 patients with amyotrophic lateral sclerosis, 73% 
were unequal. Of the total asymmetric cords, 75% were 

found to be larger on the light side. This asymme try ap

pears to be caused by the size of the CSTs. In cases in 
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which the right side was larger than the left, it was ob
served that a larger number of CST fibers were located in 

the right side. This was because more CST fibers crossed 
from the left pyramid into the cord 's right side than CST 

fibers crossing from the right pyramid into the left side . 

Also, more ventral CST fibers were found on the right 

side of the cord , since a reciprocal relationship exists be

tween the number of ventral CST fibers and the number 
of con tralateral lateral CST fibers. Therefore the larger 

(right) half included the larger lateral CST and also the 
larger ven tral CST. A disproportionately large number of 

uncrossed fibers in spinal cords may explain wby lesions 

in the internal capsule may produce ipsilateral hemiple
gia. Although this asymme try is quite in teresting, it does 

not appear to be related to handedness, and handedness 

does not appear to be related to the fact that fibers de
cussating from left to right do so at a higher level than 

those tha t decussate right to left (Nathan et aI . , 1 990). 

The CST functions to augment the brain stem's con
trol of motor activity and also to provide voluntal)' 

skilled movements. The CST allows movements of man

llal dexterity and manipulative movements to be per
formed, primarily by control of the distal musculature 
of the extremities, through the independent use of indi-



NEUROANATOMY OF THE SPINAl. COR D  279 

HG. 9- 1 5  View of the ventral surface of the brain stem . 1 1, Oculomotor (JJI) nerve; 4, fa

cial  (VIl) nerve; 18, glossopharyngeal (IX) nen'e and vagus ex) nerve ; 1 6, pyram id; anc! 13, 

olive, located beh ind , 6, hypoglossal (Xl!) nerve rootlets. (From Englanci, M.A.  & Wakely , ] .  
[ 1 99 1 ] .  Color atlas of /he brain & spinal cord. S t .  LOll is:  Mosby.) 

vidual muscles of the hand a nd fingers. This type of fine 
motor activity is called fractionation, and the integrity of 

the motor cortex is essential for it  to OCClir. In addition, 
the CST adds precision and speed to fractionation and 

other basic vo luntary movements (Wise & Evarts, 198 1 ) .  

A s  stated previous ly, the CST takes its origin i n  part from 

tbe sensory cortex. These CST fibers descend and pro

viele feedback to sensory relay areas such as the dorsal 

horn and gracile and cuneate nuclei (of the DC-ML sys-

tem) . The corticocuneate fibers have been implicated in 

the primate to function as a means fo r regu lating and ad

justing (modulating) spatial and temporal input to this 

n ucleus before ancl du ring hand movements (BentivogJ io 

& Rustioni, 1 986) . The descending fi.bers also are likely 

to modulate sensory input to motor areas. The variability 

of the CST in mammalian species may indicate its func

tional importance to that species. In the rat the CST 
synapses in the dorsal horn and intermediate zone, 
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indicating it may be part of that  animal's sensory system 

(Miyabayashi & Sh irai ,  1 988). In species in which man

ual  dexterity is nonexistent, such as the pig, the CST is 

not evident in the spinal cord (Palm ieri et a I . ,  1 986) . It is 

best developed i n  humans, providing feedback to sen

sory systems and control ling voluntary skilled move

ments. 

Other descending tracts-getzeral considera

tions. The remaining descending tracts that i ntl uence 

mo tor activity originate in the brain stem and can be di· 

vided into two groups based on their location in the 

cord ' s  white ma tter, their termination in the gray matter, 

and their general functions. The ventral funiculus or veo

tral white column i n cl udes the vestibulospinal  tract, me

dial (pontine) reticulospinal tract,  and tectospinal tract 

(Fig. 9-6). The lateral fu niculus or lateral white column 

includes the rubrospinal tract and lateral (medullary) 

reticulospinal tract (Barr & Kiern a n ,  1 993;  Carpenter & 
Smin, 1 983; Kuypers, 1 98 1 ;  Williams et a I . ,  1 989). 

The tracts of the ventral group, in addition to their lo

cation, a l so have the fol lowing nU1ctional characteristics 

in common; they give off many collateral fibers (col

la terization), which become involved with ma intaining 

posture; they in tegrate axial a ncl limb movements and 

provide input associated with movements o f  an entire 

l imb; a nd they govern head and body position in re

sponse to visual and proprioceptive stimuli .  AJso, they 

terminate in the ventrom edia l gray (e . g . ,  laminae VII and 

VIII) on long and intermediate propriospinal neurons 

(which in turn project bilaterally in the fasciculus pro

prius) a nd on interneurons associated with the motor 

neurons supplying t he axial muscles and proximal mus

cles of the extrem ities. 

The tracts located i n  the lateral fUl1ciculus are located 

near the l ateral corticospinal t ract. They have l i ttle col

la teralization and enhance the nll1ctions of the ventral 

group by p roviding independent flexion-based move

ments of the extremities, especially through their i nflu

ence on the neurons that innerva te the distal muscles of 

the upper extremity. These tracts terminate in laminae 

V, VI, and VII (clorsal part) on short propriospin al neu

rons (which in turn project ipsila tera l ly in the fasciculus 

proprius), numerous interneurons, and on some motor 

neurons (Carpenter & S utin,  1983; Kuypers, 1 98 1 ;  
Schoenen, 1 99 1 ). Each o f  the tracts i n  these two groups 

are d iscussed in cletail in the fo llowing paragraphs. 

Reticulospinal tracts. The re ticulospinal tracts 

(ReSn consist of the lateral (medull ary) ami medial 

(pontine) tracts (Fig. 9-1 6 , A). These tracts originate in 

the medullary a nd pontine reticular formation, respec

tively, and show l ittle if any soma totopiC organization. 

The lateral ReST arises from neurons in the medial two 

thirds of the medu llary reticular formation a nd descends 

bilate ra l ly in the ventral part of the cord ' s  lateral white 

column. The medial ReST originates in the reticular for

m a tion of the med ial pontine t egmentum (core of the 

pons) ancl descends ipsilaterally i n  t he ventra l  white col

umn. These tracts are difficu lt LO evaluate i n  humans, 

and most data have been compiled from fel i ne stu d i es.  

During movements these tracts adjust and regulate re

flex actions. Depending on the area of stimulation in the 

reticular formation, either facilitation or inh ibition can 

be produce d .  

T h e  medial (pontine) ReST facil itates motor neurons 

supplying axial muscles and limb extensors. 'fhe lateral 

(medul lary) ReST monosynaptically inhibits neurons in

nenrating the neck and back muscles. The laterJI ReST 
also polysynaptically inhibits extensor mOlor neurons 

and excites flexor motor neurons, although tlH:re appear 

to be some fibers that excite extensor ancl inhibit l1exor 

motor neurons (Ghez, 1 991 b). The reticular formmion 

integrates l arge amounts of information from the motor 

areas of the cerebral cortex and from other systems in

volved with motor control (e.g . ,  cerebell un), and it  

n111ctions to control and coordinate automatic 111 0\'(;

ments such as locomotion a nd posture. For example, 
when a sta nding cat l iSts its fro n t  paw on the ground 

(corticospinal input), its body weigh t sh ifts to other 

paws to ensure balance while t he movement is occur

ri.ng. However, if the medullary reticul ar formation is  in

operative, the postural correction does not occur al

though the limb movement is attempted (Ghez, 1 99 I b).  
In addition to its  influence on somatic motor activity, the 

ReSTs transm.it information that effects autonomic func

tion. Stimulation of reticular formation neurons in the 

caudal pons and the medu l la produces changes in car

diovascular ancl respiratory functions (Carpenter, 1 99 1 ) 

Vestibulospinal tract. The vestibulospinal tract orig

inates in the lateral vestibular (Deiter's) llucleus located 

in the vestibular area in the flour of the brain stem'5 

fourth ventticle (see Fig . 9-9, A). This nucleus receives 

proprioceptive i nput from the body (spinovestihular 

tract) and the inner ear and information from tht: cere

bellum. The tract fibers clescend ipSilaterally in the ven

tral white column of the cord and synapse in the medial 

gray of the ventral horn (Fig. 9- 1 6, 8). This tract facili

tates the ant igravity muscles of the extremities (lower 

extremity extensors a nd upper extremity tlcxors) 

Rubrospinal tract. The rubrospinal tract originates 

in the red nucleus of the midbra i n .  I t crosses i n  the mid

brain as t he ventral tegmental decllssation and descends 

somatotopica lly in the lateral white column just ventral 

to the lateral CST (Fig. 9-1 6, B). Although the rubrospinal 

tract is  well establ ished in the cat and monkey and 

extends the length of the spinal cord , its extent in the 
human cord is stil l  unclear. Some authors assert its 
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presence throughout the length of the spinal cord 
(Carpenter, 1 99 1 ;  Williams et aI., 1989). However, 
Nathan and Smith ( 1 982) studied the human rubrospinal 
tract from the brains of nine patients and found that the 
tract was small, and when it could be traced into the 
cord, it extended only into the upper cervical segments. 
Stimulation of the red nucleus produces excitation of 
the contralateral motor neurons supplying flexor mus
cles and inhibits contralateral motor neurons supplying 
extensors. Although it is well developed i.n lower mam
mals, its importance probably diminished phylogeneti
cally as the CST became more developed. 

Tectospinal tract and medial longitudinal fas

ciculus. The tract fibers that have just been discussed 
are located throughout the spinal cord and most likely 
influence somatic motor activity in the tnmk in aU fom 
extremities. Two additional clescending tracts located in  
the ventral funiculus also influence skeletal muscle ac
tivity but are not found in all cord segments. These are 
the tectospinal trdCt and the medial longitudinal fascicll
Ius (MLF) 

The tectospinal tract ong1l1ates in the superior col
I .iculus of the midbrain (see Fig. 9-9, A) . The fibers cross 
in the midbrain as the dorsal tegmental decussation and 
descend through the brain stem (Fig. 9-1 6, B) . The ma
jority terminate in the upper four cervical cord segments 
(Carpenter, 199 1 ), although in lower mammals (rat, cat, 
monkey), fibers also terminate in the segments of the 
cervical enlargement (Coulter et aI . , 1 979). This tract is 
involved with orienting an animal toward stimuli in the 
environment (visual, auditory, cutaneous) by reflex turn
ing of the head (and eyes via tectal fibers to cranial nerve 
nuclei) toward the stimulus. It is also involved with the 
head and eye movements used in tracking a moving vi

sllal stimulus. 
The MLF (descending component) originates primar

ily in the medial vestibular nucleus of the vestibular area 
of the brain stem and is sometimes referred to as the me
dial vestibulospinal tract (Barr & Kiernan, 1 993; Nolte, 
1 993). The tract is located in the cord 's ventral white 
column, descends partly crossed (Kelly, 1 99 1 ;  Nolte, 
1 993; Williams et aI . ,  1 989), and terminates in the cervi
cal cord segments. (Ascending fibers of the MLF are in
volved with eye movements and course to brain stem 
motor nuclei of the oculomotor, trochlear, and abducens 
nerves.) Some authors also include the tectospinal, pon
tine reticulospinal, and medial vestibulospinal tracts as 
part of the descending MLF. The tract is responsible for 
accurately maintaining head position relative to eye 
movements in response to vestibular stimuli. 

Other descending fibers. Two other groups of de
scending fibers are located in the spinal cord white mat
ter, although they are not well defined. One of these is a 
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group of fibers that ongmates in  the hypothalamus. 
These fibers descend in the lateral funiculus to synapse 
on preganglionic autonomic neurons located in cord 
segments 1' 1 to L2 (L3) and S2 to s4 (see Chapter 1 0) .  
The other group of  fibers are aminergic (Ghez , 199 1 a) 
and include the raphespinal tract and the cemleospinal 
system. These fibers descend in the lateral white column 
and synapse in the dorsal horn. They are involved with 
the endogenous analgesic system (see Chapter I I) .  

• • • 

In summary (Tables 9-5 and 9-6) , ascending fibers con
veying input from peripheral receptors and descending 
axons from higher centers (e.g., motor areas of cerebral 
cortex, brain stem nuclei) are organized into fairly well
defined, although often overlapping, bundles in the 
spinal cord white matter. Ascending sensory input is ul
timately integrated within the cerebral cortex, and along 
with visual, auditory, and olfactory information, it allows 
the human bra in to form an overall percept ion of the en
vironment. 

The descending tracts can be classified as medial or 
lateral depending on their spinal cord location, function ,  
and site of  termination;  or  they may be classified as those 
that terminate in cervical cord segments (tectospinal and 
MLF) and those that terminate in all cord segments (cor
ticospinal or pyramidal tract, vestibulospinal tract, 
nlbrospinal tract, ReSTs) . Most descending tracts are in
volved with motor control of posture and equilibrium, 
automatic movements, and voluntary purposeful move
ments. These tracts act primarily through interactions 
with interneurons that, in turn, synapse with the motor 
neurons that in nervate the musculature. Although these 
tracts obviously are of major importance in providing 
normal motor activity, neuronal interact ions at the seg
mental level form connections essential for normal mo
tor activity. These segmental connections are influenced 
by descending tracts that allow for a n  increase in the 
complexity of movements. The next section briefly dis
cusses spinal cord segmental control of skeletal muscle. 

MOTOR CONTROL AT TIlE SPINAL LEVEL 
Spinal Motor Neurons and the Control of 
Skeletal Muscle 
Human movement results because the nervous system 
generates a properly timed sequence of contractions of 
skeletal muscles. The contraction of skeletal muscle is 
controlled by the motor neurons of the spinal cord. 
Three types of motor neurons can be found in the cord's 
ventral horn. The largest motor neurons are the alpha 
motor neurons (skeletomotor efferents), which exclu
sively innervate skeletal muscle. The smallest motor 

neurons are the gamma motor neurons (fusimotor et� 
ferenrs), which exclusively innervate the mort' polar 
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Table 9-5 Ascending Tracts 
Information First-order Second-order Third-order 

Tract conveyed ceU bodies ceU bodies Crossed ceU bodies Ternli nation 

Dorsal coitun n - Two-point  touch, Dorsal root Graci l is  and cuneate Yes; internal Ventral posterior Postcentral 

medial Iem- l igh t touch.  ganglia nuclei arcuate fibers (lateral) nu- gyrus 

n iscus joint position CORG) deus of thala-

sense, vibra- m u s  (VPL) 

tion, pressure, 

stereognosis, 

graphesthesia 

S p i nothalamic:  Pai n ,  tem pera- DRG Dorsal horn laminae Yes; in ventral VPL (neo) and Postcentral 

neo and lure,  light white com- intralaminar gyrus (neo) 

paleo touch missure (paleo) thal- and wide· 

am ic nuclei spread cor-

tex/limbic 

system (pa-

leo) 

Spinoreticu lar Pai n  a n d  temper- DRG I ntermediate gray Majority; in Pontine and 

ature laminae ventral w h i te medullary 

comm.issure reticular for-

mation 

S p i nomcsence- Pai n  (and telll- DRG Dorsal horn laminae Yes; i n  ventrJ I Midbra i n :  su-

phal ic  perature) white com- perior col-

(spi notectal) missure liculus and 
periaqueduc-

tal gray 

Dorsal spino- Lower limb and DRe; Clarke's nucleus No Cerebellum via 

cerebellar joint position (n ucleus dorsalis) i n ferior cere-

C u neocerc- U pper limb a n d  DRG lateral cuneate 

b e l lar joint position nucleus 

Ventral spino- Lower l i m b  and [)RG l.amina VII 
cerebellar joint pOSition 

Spino-ol ivaI)' Limb and joint DRG Spinal gray 

position 

Spinovestibular  Lim b  a n d  joint DRG Spinal gray 

position 

regions of muscle spind les (stretch receptors) (Lekse l l ,  

1 945) and control their sensitivity (see Receptors in the 

Motor System), Some motor neurons have been fou nd to 

i nnervate both skeletal muscle and muscle spindles. This 

group of motor neurons is known as the beta motor neu

rons (skeletohlsimotor efferents) (Bessou, Emonet

Demand, & Laporte. 1 965).  
These three types of motor neurons are not segre

gated with in the spinal cord but rather are mixed to

gether into groupings called pools. A given motor neu

ron pool in nervates one particular muscle. The vatious 

motor neuron pools, however, are segregated into lon
gitudinal columns extending for t\\ro to four spinal seg
ments. 

bel lar  pe-

d uncle 

No Cerebellum via 

inferior cere-

bellar pe-

duncle 

Yes; in  cord Cerebellum via 

and recrosses superior 

in cerebellum cerebellar 

peduncle 

Yes Inferior olivary 

IlllCIeUS 

No l.ateral vestibu-

Jar nucleus 

Each mature human skeletal muscle fi ber is innervated 

by one alpha motor neuron. However, a given alpha mo

tor neuron generaUy innervates more than one muscle 
fiber. An alpha motor neuron, together with all the skele

tal muscle fibers it supplies, is termed a motor unit. 
Motor unit sizes nry dramatically. In a small motor unit 
a given alpha motor neuron innervates only a few mus

cle fibers. In contrast, in a large motor unit a given mo

tor neuron may innervate as many as 1 000 to 2000 mus

cle fibers. Muscles of the fingers and the extrinsic eye 

muscles tend to have small motor units, whereas limb 

muscles such as the gastrocnemius tend to have large 
motor u nits . This size difference is significant because 

the smaller the motor unit size, the greater the resoiu-



Table 9-6 Descendlng TraCl 

NEl iROANATOMY OF THE SPI NAL CORD 285 

TraCI Function Origin Crossed Termination 
Corticospinal  Vo l untary (skilled) movement Viator (some sensory) Majority cross ( lateral Intermediate gray and 

cerebral cortex corticospinal tract) 

as pyramidal de

cussation 

venrral horn 

Rubrospinal Facilitates llexor a nd inhibits Red nucleus Yes; ventral tegmen

tal decussation 

Bilateral 

Intermediate gray and 

ventral horn 

Intermediate gray and 

ventral horn 

Ventra l horn 

extensor muscle groups 

T.ateral reticulospinal Facilitates/inhibits muscle Medulla ry reticular 

groups formation 

Medial reticulospina l  FaciJitates/inhibits muscle Pontine reticula r  No 

groups formation 

Vestibulospinal Facilitates antigravity muscles Lateral vestibular No Ventral horn 

nucleus 

Tectospinal Retlex postural movements in Superior col l iculus 

response to visual, aud itory; 

Yes; dorsal tegmenta l  

decussation 

Ventral horn of cervical 

segments 

and somatic sensory stimuli 

Medial longitudinal  

fascicllius 

Raphespinal 

Descending al l to

nomic fibers 

Coordinates head and eye Vestibular nuc lei Bilateral Ventral born of cervical  

segments movements 

Pain inllibition Raphe nuclei No 

No 

Dorsal horn 

IVlodulates autonomic nervous Hypothalamus and Spinal gray matter 

system functions brain stem nuclei 

tion of the movement. That is, small illotor un its provide 

a means of ac hieving fine m otor control .  

The force o f  contraction o f  skeletal muscle fibers is 

controlled by two separate mechanisms_ First ,  muscle 

force can be increased by increasing the frequency of 

motor neuron firing. As a m o tor neuro n  increases its fu-

ing rate, individual muscle contractions summate, and if 
the motor neuron filing frequency is high enough , a par

tial or complete tetanus can OCCllr. This summation 

process in skeletal m uscle reslllts because there is insuf

ficient time between successive action potentials to 

p u mp all rhe calcium ions (Ca ' ') back i nto the sar

coplasmic reticulum before the next action potential oc

curs. Thus, successive Ca + -, p ulses sum mate to m a intain 

saturation Ca " levels in the cytoplasm of the muscle 

cells (myoplasm). Many naturally occurring steady mus

cle contractions are produced by motor neurons firing at 

relatively moderate rates (8 Hz) far below rates tbat 

would produce smooth tetanic contractions. These 

movements are not jerl.l' but ra ther are smooth because 

the motor neurons a nd the muscle fibers they i n nervate 

are activated asynchronously, so these individual m otor 

units do not peak at the same time but average out.  Also, 

during sustained contractions the involved m o tor units 

are rotated so as to minim ize muscular fatigue.  

The second way to increase m uscle force is  by the or

derly recnlitment of alpha motor neurons according to 

size. This is accomplished by increasing synaptic input 

to the motor neuron pool.  Motor neurons with the small

est-diameter axons also have the smaUest cell bodies and 

the lowest threshold to synaptic activation . Thus, weak 

afferent in put to spinal m o tor i1eurons recrui ts only 

the smallest m otor neurons of a pool. As the strength of 

afferent input increases, larger and larger motor neurons 

are recruited. Thi s  recruitment of m o tor neurons ac

cording to size is called the size principle (Henneman, 

Somjen, & Carpenter, 1 965).  This recruitment also ap

plies to voluntary movement.  An important conse

quence of the size principle is that as motor neurons are 

recruited,  progressively greater and greater i ncrements 

of contractile force are added_ This progression of force 

development results because a good correlation exists 

between the size of the motor neuron and the n u mber 

of m uscle fibers it innervates_ Thus large motor neurons 

usually innervate large numbers of muscle fibers, 

whereas small motor neurons tend to innervate only 
small  numbers of muscle fibers_ 

Receptors in the Motor System 

Golgi tendon organs (GTOs) and muscle spindles are the 

two most important mechanoreceptors involved in the 

control of skeletal m uscle_ GTOs are present in virtually 

all skeletal m uscle and are .located at  the junction be

tween the m uscle fibers and tendon and not in the ten

don proper (lami,  1 992)- The GTO is a capsule of con

nective tissue that is  in series with a d iscrete number of 

m u scle fibers. The capsule is about 0 .5  mm long and 

about 0 . 1 mm in diameter (lami, 1 992)_ The number of 

GTOs per m u scle varies widely; however, there are usu

al ly more m u scle spindles than GTOs in a given musclc_ 

Within the capsule a si ngle large afferent fiber (group I b) 

entwines the fascicles of collagen that composc the 

GTO (Fig. 9- 1 7 ,  A).  Not a l l  the coHagen bundles arc 
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ed . ] .  New York: Elscvicr.) 
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innerva ted . The entire GTO is surrounded by a thick 

lamellar sheath, which i s  continuous with the perineural 

sheath of the group I b  afferent.  Group I b  afferents are 

sensitive to changes in muscle tension, particu larly 

when caused by contraction (Houk & Henneman ,  1 967) .  

Thus, GTO afferents function a s  monitors o f  muscle ten

sio n. In this role they can monitor the muscle tension 

produced during ongoing activities and provide the in

formation crucial to maintain muscle output in the face 

of fatigue. 

Muscle spindles are stretch receptors located in the 

fleshy parts of skeletal muscle (Fig. 9-1 7 ,  A). The density 

of spindles seems to be correlated with the degree of 

control required by muscle function. Postural muscles 

have a much lower density of spind les than muscles of 

the digits. Muscle spindles are fusiform or spindle

shaped capsu les contai ning 2 to 1 2  specialized muscle 

fibers called intrafusal fibers (Fig. 9-1 7 ,  A and B) All 

other ordinary muscle fi bers are termed extrafusal 
fibers. Spindles range from 6 to 1 0  mm in length and are 

surrounded by a connective tissue sheath (Hunt,  1 990). 
Within the capsule the i ntrafusal fibers are innerva ted by 

both sensory and motor fibers. 

Three types of i ntrafusal fibers have been identi.fi.ed 

(Fig. 9-17 ,  B) . The nuclear chain fibers compose one 

group. These fibers are smaller than the other two types, 

and the nuclei of these fibers line up in a row. The other 

two types of intrafusal fibers appear similar because 

their nuclei are clumped together and are jOintly known 

as nuclear bag fibers. Two distinct types of nuclear bag 

fibers (static and dynamic) can be identi.fi.ed based on 

physiologic properties, An average muscle spindle con

tains two nuclear bag fibers, one of each physiologic 

subtype, and four or more nuclear chain fi bers (Hunt,  

1 990), 
Muscle spindles contain two types of sensory endings. 

Primary, or annulospiral, endings (group Ia) termi nate 

on each nuclear bag and each nuclear chain fiber. 

Spindles also contain one secondary, or " flower spray, " 

ending (group II) that terminates on the static nuclear 

bag and aU the nuclear chain fibers. The motor innerva

tion of intrafusal fibers by gamma efferents is well docu

mented. In addition to the gamma innervation, beta 

(ske1etofusi.!TIotor) motor neurons (Bessou et ai . ,  1 965),  

as well as sympathetic efferents (Hubbard & Berkoff, 

1 993), have been shown to innerva te i ntrafusal fibers. 

However, the extent, nature, and clinical relevance of 

beta and sympathetic innervation of the muscle spindles 

are not yet weLl tmclerstood ,  

Muscle sp indle afferents are sensitive t o  muscle 

stretch. However, the response of group la and " affer

ents is d ifferent. PrimalY endings (group la) are most 

sensitive to the velOCity of muscle stretch, Therefore a 

grou p  Ia afferent can provide the CNS with informa tion 

about muscle length and thus the position of a jOint, as 

well as how fast the muscle length changed. I n  contrast, 
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group II afferents do not cha nge their firing as a function 

of contraction velocity a nd thus monitor the constant 

stretch (muscle length) applied to the muscle. 

A comparison of muscle spindle afferent discharge 

with GTO afferent d isc harge during passive stretch and 

active muscle contraction highlights the d ifference in 

the information these receptors can relay to the CNS . 

A passive stretch applied to a muscle evokes an in

crease in firing of both spindle (called loading the mus

cle spi ndle) and tendon afferents (Fig. 9- 18 ,  A and B) . 
However, the frequency of firing of the tendon a ffe r

ents is not as great as the frequency of firing of the 

spindJe afferents, I n  contrast, if skeletal muscle is stimu

lated to shorten, the spindle is u nloaded (intrafusal fibers 

go slack) and stops firing while the GTO atferent in

creases its rate of discharge (Fig. 9-1 8 ,  C and D), This 

d ifference in response is caused by c1 itferences in the 

physical a rrangement of the receptor relative to the 

skeletal muscle fibers. GTOs are functionally i n  series 

with extrafusal muscle, whereas spi ndles are in parallel 

with extrafusal muscle. A passive stretch of extrafusal 

muscle elongates intrafusal fibers and stimu lates the in

nervating afferents to i ncrease their firing rate. In GTOs 

the same passive stretch is partially absorbed by the 

compliant extrafusal muscle fibers and only transmits a 

small stretch to the Ib afferents, a nd they fire at a mod

erate rate.  When extrafusal m uscle fibers shorten during 

contraction, I b  afferents further i ncrease their firing be

cause the extrahlsal muscle fibers directly pull on the 

collagen fibers of the GTOs and more effectively activate 

the afferents . In contrast, w he n  extrafusal muscle fibers 

shorten d uring contraction, the i ntrafusal fibers of the 

muscle spindle do not shorten but slac ken, a nd the in

nervating afferents stop firing. 

The in-series location of GTOs means that Ib afferents 

are su bject to any i ncrease in tension, active or passive, 

ami thus generate action potentials in response to both 

active and passive stretch. Therefore, GTOs are tension 

monitors. Muscle spindles are in paral lel with extrafusal 

muscle, and the innerva ting afferents respond when 

the muscle is stretched but stop responding when the 

length of the muscle is shorter (i . e . ,  contracted) than 

the spindle's length.  This is because the spindle does not 

" see" the load.  S p indle afferents are therefore sensitive 

to increases in muscle l e ngth. 

The gamma motor neuron system functions to regu

late the sensitivity of muscle spindles, As discussed ear

lier, when extrafusal muscle contracts, the spindle after

ents are unloaded and stop firing. Thus, during contrac

tion of skeletal muscle, spindle afferents cannot signal 

information about changes i n  muscle length. However, i f  

a gamma motor neuron i s  stimu lated just before con

traction of the skeletal muscle, the spindle does not stop 

responding and can signal any changes in muscle length 

that might occur. Therefore the gamma motor neuron is 

reloading the spindle. 
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response increases when the extrafusal muscle contracts. 

(Mocii.fied from Gordon ] .  & Ghez, C. [ 1 99 1 ) .  Muscle receptors 

and spinal reflexes: The stretch reflex. In  E.R. Kandel, ] . H .  

Schwartz, & T . M .  Jessell [Eds . ] ,  Principles of neural science 
[ 3 rd ed . ) .  New York Elsevier.) 



Two types of gamma motor neurons exist. ( ; a m ma dy

namic motor ncurons innerv�Jte the dynamic type of nu

clear bag fiber. Gamma s ta tic motor neurons i nnerv:lle 

nuclear chain and static nuclear bag fibers .  This differ

ence in innerv�ltion fu nctions to a lter spindle sensitivi ty 

selectively d uring the various p hases of a stretch.  The 

gamma dynamic fibers regulate spinclle sensitiv ity during 

the dynamic p hase of stretch (while t he muscle length is 

changing), ancl the gamma static fibers regulate spindle 

sensitivity during the static phase of a stretch when the 

muscle has lengthened but is not undergoing any further 

c hange in length. If a gam ma dynamic fiber is  stimulated 

before and during the stretch of skeletal muscle fibers, 

group Ia a fferents show a great increase in d ischarge fre

q uency d uring t he dyna m ic p hase of stretch and also a 

s l ight elevation of response during the static phase of 

stretch . I n  contrast, stimulation of a gamma static fiber 

causes the greatest response elevation during the static 

phase of stretch . 

The fu nctiona l role of gamma efferents is to preserve 

muscle spindle sensitivity over the wide range of mus

cle lengths that occurs when a muscle is shortening d ur

i ng a volun tary contraction. This function was first 

demonstrated in preparations where single afferents 

anel e1lerents were dissected apart. Recordings from Ia 

alfere n ts show that during active contractions of extra

fusa! muscle, the spindles were un loaded,  a nd I.a dis

c harge d ropped off. However, if  gamma motor neurons 

were stim ulated at the same time tbe muscle was made 

to contract, the Ia response d id not decline and the spin

d le was reloaded.  Thus the spindle is capable of contin

ually signal ing cha nges i n  muscle length. Gamma m o tor 

neurons for spindles of a particular muscle lie within 

the alpha motor neuron pool for that muscle . Most de

scending motor commands for vol untary and postural 

movements activate not only ap propriate alpha motor 

neurons, but also gamma motor neurons.  Thus, both 

groups of motor neurons are activated s i m u l taneously, 

and this pattern of activation is called alpha-gamma co

activa tio n .  

SpinaJ Reflexes 
Spinal reflexes are a mong the simplest motor actions a nd 

have relatively simple neural circuits .  These reflexes are 

t ypically used by descend ing influences to generate 

more complex motor actions. Spinal  reflexes are also a 

valuable cl inical  tool , since they serve as a means for as

sessing the integrity of sensory ancl motor pathways and 

the genenll level of spinal  cord excitabil ity. Group Ia af

fe rents from muscle spindles are involved in the stretch 

refle , or myotatic ref1ex. The stretch reflex i s  composed 

of two components. A phasic component is identified as 

short and intense and is clinically referred to as a tendon 

jerk. The static component of a reflex is less intense , is 
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longer lasting, and is i nvolved i n  maintain ing post ure 

a nd controlling muscle tone.  

The centra l  connectioJls responsibk for a s l retch rl·· 
flex are relatively si mple. Group la affe r nts make d i rect 

monosynapti c  connection with a l p ha motor n e urons 

that innervate t he samc muscle from w hich thc l a a lfer
ent originated (fig. 9- 1 9 ,  A). The Ia affcrcnls abo m a k<: 

d i rect monosynaptic connection wit h a l p h a  motor n ' u

rons,  which innervate muscks rhat ar<: sync rgistic 
Direct excitatOlY connections ()f la atf<:rents a n: : t lso 

made on local i n h i bitOlY i nte rne urons (la in h ib i tory in

terneurons) that inh ibit  alpha motor neurons contro l l i ng 

m uscles that are antagonistic to t hose from which the la 
fiber originated (Fig. 9- 1 9, A) In h i b it ion of ant agonistic 

motor neurons at the same time t h e  homonymous ( ago

nist) and synergists are excited is cal led reC ip rocal  i n hi

bition .  

The Renshaw cell i s  a second type o f  i n h ihitory i n ·  

ternellfon i n  t h e  ven t ral h o rn  (Fig. 9- 1 9, 8) . R<:n sh aw 

cells receive excitat()[y i n p u t  from col lateral branches of 

spinal motor n e u rons and in h i b i t  all neighboring m o t or 

neurons of the pool,  including the one that act ivat ed t he 

Renshaw cell Th is inhibition is te rmed reclIrrellt, or 

feedback, inhibition and tends to shorten th e motor out· 
put from a pool of motor neurons. Renshaw cel l s  a lso 

con nect with a n d  inhibit  Ia inh ibitory i n terneurons and 

gamma motor ne urons. The resulting decrease i n inh i bi

tion (disinhibition) of the antagonist motor neurons 

probably functions t o  shorten the d u ration of l a  affeien t  

mediated retlex responses .  Descendi ng pat hways from 
supraspinal centers and also from segmen t a l alkrents 

provide botb excitation and i nh ibition directly onto 

Renshaw cells (David hoff & l Iack ma n ,  1 9<) I ) . These 

complex inputs suggest that Renshaw cdls are control

l ing the excitabil ity of motor neurons and are prohably 

important in ongoing post ural adj ust!1l<:n ls and mi nor 

changes in musde length (Brooks, 1 986) 
Group Ib allerents from (;TOs a l so m ediate a rctkx. 

All connections in t his reflex arc made by Ib interneu

rons that i nhibit  alpha motor neurons to the same m lls

cle and to the synergists and excite the motor neurons to 

the antagonists (Fig. 9-1 9 ,  C) .  This inverse myotatic re· 

flex cannot he clUDonstrated c l in ical ly .  I lowever, a 

crossed-cord component of the rd1ex called Ph illipson's 

rd1ex is  excitatOlY and can he observed. ote the my

otatic reflex d iscussed previously does not hav<: a 

crossed-corel component.  The Ib inh ibi tory int<:rn<:uwns 

also receive c o nvergent excitatol1' input from many 

sources (Fig. 9- 1 9, C) includ ing low-threshold cuta neuus 

afferents,  group Ia affere n ts and juint receptors, �IS well 

as several h igher centers (fami ,  1 992) .  TIlliS, Ib afferenLs 
share these central i nterneurons, and the Ib inh ibit ion of 

motor neurons is a ided by a l l  t hese other i n pub TI is co

processing of sensory input and descending motor com

mands represents a spinal mecha nism tJl:lt helps (() 
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A,  Ia afferent fiber from the spindle enters the dorsal horn 

and makes d irect synaptic connection with an alpha motor 

neuro n  that goes back to the muscle. The Ia afferent a lso 

make� synaptic contact with a Ia inhibitory interneuron that 

in h ibi ts the alph a  motor neuron that innervates the antago
nist. This i nhibition is called reC iproca l inllibition. B, Rensbaw 

cell is another type of inhibitory in terneuron that  is part of 

guide l imb and hand movements during exploration, al
lowing for precise adjustments of muscle tension once 

physical contact is made with an object. 

A diverse group of somatosensory receptors, includ

ing A-beta afferents mediating nonnoxiotls stimuli and 

A-delta and C afferents mediating noxious stimu l i ,  e l iCits 

a withdrawal reflex consisting of ipsilateral flexion and 

contralateral extension (Fig_ 9-20) (Gordon ,  1991) .  This 

t1 exion retlex is protective anel involves the coordinated 
activity of many muscles at multiple joints. All central 
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the myotatic reflex circuitry. A colla tera l branch of a n  alpha 

motor neuron makes excitatory synaptic contact with the 

Renshaw ceil ,  wh ich then in h.ibits the motor neuron from 
which it gained its activation. This nega tive feed back sl10ftcns 
th e motor neuron's response Other motor nel lrons of the 

same pool are also in ll ibi ted . The Renshaw cel l also inh ibits the 

la inhi bitory interneuron. Thus the motor neurons of tile an

tagonist are ll isLnh.ibited . (�, Excitatory; &, i.nhibitory . )  

connections involve polysynaptic pathways, and reCip
rocal inhibition is the rule.  Thus a group A-delta afferent 

activates an exci tatory interneuron that causes excita

tion of motor neurons to ipsilateral flexors. Tbis same af

feren t  also activates an inhibitOlY interneuron, which in

hi bits motor neurons to ipsilateral extensors. The 
crosseel extensor reflex also is  polysynaptic, and the in
temeurons involved excite contralateral extensor motor 
neurons a nd reciprocally inhibit tlexor motor neu

rons. Thus a flexor reflex acts to remove the stimulated 
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FIG. 9-19. cont'd. C, lb afferent fiber from a GTO activates 

a lb inhibitory interneuron that inhibits the motor neuron to 

the homonymous muscle. The motor neuron to the antagonist 

is simul taneously excited. The lb inhibitory interneuron re

ceives both descending input and input from other peripheral 

receptors. (6, Excitatory; . , inhibitory.) 

surface from the noxious stimuli, whereas the contralat

eral component helps to stabiJize posture. 

Muscle Tone and the Role of Stretch 
Reflexes 

Muscle tone is the resistance of a muscle to active or pas

sive stretch. Skeleta l muscle has its own inherent resis

tance to stretch because skeletal muscle fibers have in

trinsic elasticity, as do tendons and muscle connective 

tissue. The myotatic reflex also functions to resist the 
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active or passive s tretch of extrafusal muscle and works 

together with the elastic elements of muscle to resist 

stretch. In a deeply relaxed individual, resistance to pas

sive movement of a limb is moderate and uniform at all 

speeds of movement and thus solely caused by the elas

tic properties of the muscle itself (Brooks, 1 986). When 

an individual becomes more active or is agitated , stretch 

reflexes are activated and thus are under supraspinal 

control .  Automatic adjustments in muscle tone are ac

complished by the stretch reflex. Low levels of muscle 

tone are generated by nonsynchronolJs activation of 

small motor units. Increased stretch of extrafusal musc le 

results in increased motor recruitment. Here the stretch 

reflex is acting as a feedback system that is attempting to 

maintain a set muscle length . 

Posrural maintenance is accomplished largely through 

reflex adjustments of antigravity muscles. Important ex

amples of these mllscles are extensors of the lower ex

tremities. If the floor or platform on which an individual 

is standing is suddenly moved, appropriate compen

satory movements are made to stabilize the individual 

upright posture. These stabilizing movements are ac

complished by stretch reflexes under descending con

trol (Nashner, 1 976). 

Lesions at variolls levels of the neural axis can dramat

ically alter muscle tone. In such cases a l imb tested with 

relatively slow joint rotation may show normal tone. 

However, with more rapid rotation, increased tone may 

occur. This hypertonia usually results because of distur

bances in the ganuna motor system. If a lesion removes 

major descencling inhibition onto the gamma system, the 

sensitivity of muscle spindles increases ancl myotatic 

reflex responses may become quite exaggerated. The 

resulting hypertonia or spasticity is obsenTed in both 

phasic and static components of stretch reflexes. 

Clonus, a series of alternating contractions and relax

ations, is often associated with hypertonia. These alter

nating contractions are caused by exaggerated fusimotor 

activity that increases the excitability of the stretch re

flex. Thus a stimulus elicits a stretch reflex that repeats 

because the stretch imposed by the muscle returning 

to the resting position elicits a second response, and 

so forth. 

Hypotonia is abnormally low muscle tone. Spinal tran

section results in spinal shock, or atonia , as a result of 

the loss of all spinal reflexes. The acute phase lasts for 

several weeks before reflexes return. This loss of reflex 

activity is probably caused by the drastic reduction of de

scending input to the gamma motor system. However, 

when reflex activity returns, it may show signs of spas

ticity and clonus because of the loss of normal descend

ing corticospinal inhibition of the gamma system. 

Hypotonia may a lso develop with cerebellar disease. 

This effect may also be a result of decreased gamma 

motor neuron output. This explanation of cerebellar 
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hypotonia has been basecl on clata from lower-primate 

experiments (Gilman, 1 969) but has yet to be assessed in 

humans. 

Spinal Control of Locomotion 

Locomotion is a rhythmic behavior that functions to 

move an animal (human or otherwise) from one location 

to another. For locomotion to occur, a tonic (nonpat

terned) descending message from supraspinal centers 

must be translated into a patternecl alternating stepping 

of the legs. The step cycle of an individual limb, in its 

simplest form, can be divided into two phases. During 

the swing phase of stepping, the foot is off the ground 

and moving forward . The stance phase represents the 

part of the stepping cycle when the foot is on the 

ground ancl the leg is moving backwarcl with respect to 

the body. The repetitive swing and stance phases of the 

two limbs tend to overlap slightly, and forward progres

sion occurs in what appears to be a totally automatic 

fashion. 

The repetitive motor pattern observed in a wal king an

imal is produced by a neural oscillator, or central pattern 

generator, which resides in the spinal cord . This was 

first demonstrated in spinal cats. In  these animals all clor

sal roots were severed , and they were treated with L

dopa or clonidine to stimulate descending noradrenergic 

pathways involved in turning on locomotion at the 

spina l level. Cats so treated were made to walk on a 

treadmill and showed a near-normal walking pattern 

(Grillner & Zangger, 1 975). These same studies showed 

that each limb had a separate control center, since a 

right limb held in midcycle would stop stepping al

though other limbs would continue stepping normally 

(Gril lner, 1 975). 

The control center, or central pattern generator, rep

resents a collection of interconnected neurons that are 

capable of producing a patterned motor output without 

the need of sensory feedback for its pattern or mainte

nance. Also, alpha and gamma motor neurons have been 

found to be coactivated during locomotion, and thus 

spindle afferents increase their discharge during step

ping (Severin, OrJovsky, & Shik, 1 967). Thus, spindle af

ferents continually can signal information about muscle 

length and limb loading throughout the stepping cycle. 

Sensory feedback during locomotion may not be nec

essary for the basic rhythmic motor output, but it is es

sential for normal stepping movements. This is because 

afferent input about stepping is used to make corrective 

adjustments to the central pattern generator so that the 

motor output is adapted to the particular demands of an  

individual's environment.  Afferent input arising from 

muscle spindles is capable of modulating the step cycle. 

The swing phase of stepping can be inhibited in cats if a 

leg is held during the stance phase (Grillner, 1 975).  
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However, if the leg is slowly moved backward, a swing 

occurs when the held leg is in the position where swing 

would occur during normal walking. 

Two conditions llIust be fulfilled for swing to occur: 

the hip joint must be extended, and the leg extensor 

muscles and spind les must be unloaded . Both of these 

conditions are fulfilled at the end of the stance phase 

when the other limb has touched down. The muscle 

spindles signal the unloading of the limb by decreasing 

their output, which allows the central pattern generator 

to switch from stance to swi.ng. This type of sensory 

feedback is important to normal walking. It prevents 

a premature swing by the central pattern generator if, 

at the end of stance , there is still a significant load 011 
the extensors. Therefore this feedback system preserves 

an individual's balance. Stretch receptors can also rein

force motor output; this would be necessary when car

rying a heavy load or walking uphill .  Thus, srretch re

flexes are important  in normal evel1,day activities such 

as walking. 

The central pattern generator for locomotion is not 

only acted  on by afferent input, but it can also a lter rhe 

way sensory feedback is channeled through the spinal 

cord . An illustration of this is seen during locomotion in  

the  response of  a l imb to  touch. During stepping, i t  is 

possible that a particular reflex is useful during one 

phase of the step cycle and not useful during a nother 

phase. In  such cases the central pattern generator should 

make adjustment in the excitability of the rd1ex to make 

certain the motor output produces the most appropriate 

behavior. Phase-dependent reflex reversal to cutaneous 

stimulation of a cat hind limb is an example of this type 

of interaction (Forssberg, Grillner, & Sjostrom , 1 975).  If 

a chronic spinal cat is walking on a treadmill and the dor

sum of the foot is touched during the swing phase of 

stepping, a short latency activation of flexor muscles for 

all joints of that limb is observed. Thus the animal lifts its 

leg over an encountered obstacle. However, the same 

stimulus appl ied during the stance phase of stepping re

su lts in a dramatic increase in extensor activity. This 

functions to thmst the limb backward , and then the limb 

is l ifted over the obstacle by subsequent flexor activity. 

This latter response is called the stumbling correctil'e 
reaction and illustrates that the same stimulus has been 

channeled through the CNS circuitry differently during 

different phases of the stepping cycle . 

CLINICAL APPUCATIONS 

Neuroanatomy is the foundation on which cunical neu

rology is based. A cl inician makes a neurologic assess

ment of a patient with back and extremity pain based on 

his or her knowledge of spinal cord anatomy and on the 

results of the neurologic examination performed. The 
examination typically includes testing motor functions 
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influenced by the descending tracts and sensory func

tions conveyed primarily by the spinothalamic tract and 

DC-ML system. The derivation of an anatomic d iagnosis 

of a d isorder atlecting the nervous system is essential to 

the development of an accurate pathologic or etiologic 

d iagnosis (Adams & Victor, 1 989). The purpose of this 

section is to highlight the application of neuroanatomy 

to the localization of pathologic conditions causing signs 

and symptoms in a particular patient .  Clinical neurology 

is a subject unto itself, and therefore the following para

graphs are intended to exemplify briefly the clinical ap

plication of only portions of the material discussed in 

this chapter. 

Damage to areas of the body resulting in loss or alter

ation of function is referred to as a lesion. Lesions of the 

spinal cord can occur in many ways. One means is by 

trauma. Spinal cord trauma occurs in approximately 

8000 to 1 0,000 individuals per year in the United States. 

The most common cause is automobile accidents (32%), 

followed by falls (26%), gunshot wounds (9%), and 

recreational activities such as diving accidents (8%). 

Direct injury to the cord (knife , bullet), compression by 

vertebral fragments, compression secondary to hemor

rhage and coagulation, damage to vessels, or stretching 

of the cord can be caused by trauma. Regions most often 

affected are the cervical and thoracolumbar j unction, fol

lowed by the thoracic and lumbar segments (Meyer et 

ai . ,  1 99 1 ) .  

Other nontraumatic examples that can cause lesions 

are vascular insufficiency, tumor, infections, demyelinat

ing diseases (e .g. , multiple sclerosis), or degenerative 

diseases (e.g. , amyotrophic lateral sclerosis, Friedreich 's  

ataxia) . Patients with lesions of the spina l cord or related 

nerves may have strictly motor deficits, strictly sensory 

deficits, or a combination of the two. Disorders may also 

be either acute or chronic. In the following section the 

examples are presented in a fairly "cut and dried "  man

ner. However, in a clinician's office a lesion may not al

ways present as a " textbook" case . 

Motor Assessment 

Lower Motor Neurons. This section discusses the 

motor aspect of lesions, that is, lesions affecting de

scending tracts and the somatic motor neurons of the 

CNS. Two types of motor neurons are referred to clini

ca lly. One type is caJ led the lower motor neuron (LMN) 

and includes the alpha and gamma motor neurons. As 

noted in the section on gray matter, the ceIl bodies of 

LMNs reside in lamina IX of the cord 's ventral horn. 

Because of their location, LMNs are also referred to as an

terior horn cells. Their axons leave the cord in the ven

tral root, enter a spinal nerve, and continue in peripheral 

nerves to skeletal muscles. In general, LMNs can be de-

fined as the only neurons that innervate skeletal muscle 

and are thus the final common pathway to the muscle. 

Without intact LMNs, the skeletal muscle cannot work 

properly, or even at all .  These neurons are found in 

spinal nerves originating from the spinal cord and also in 

those cranial nerves emerging from the brain stem that 

innervate skeletal muscles located in the head region. It 

is important to realize that LMNs are found in the CNS 

(i . e . ,  cell bodies in the ventral horn of the cord or motor 

nuclei of the brain stem) and in the PNS (i .e . ,  axons in 

peripheral nerves). Therefore a lesion of an LMN can oc

cur anywhere along the entire neuron: at the level of the 

CNS and its cell body and more distally in the PNS , af

fecting the axon. Lesions of LMNs produce various signs 

and symptoms based on the LMN being responsible for 

the contraction of muscle. Because of its developmental 

origin, a skeletal muscle becomes innervated by more 

than one cord segment, and any one cord segment can 

innervate more than one muscle. Therefore, to eliminate 

completely a muscle's innervation at the CNS level, a le

sion must encompass all cord segments involved. 

However, a lesion of only one peripberal nerve cl istal to 

the brachial or lumbosacral plexuses may be all that is 

necessary to eliminate the innervation of a muscle of the 

extremities. 

A lesion of LMNs produces characteristic signs, in

cluding the following: 

• Muscle weakness 

• Absent or diminished muscle tone. Tone is the amount 

of a muscle 'S resistance to stretch and is tested by pas

sively flexing or extending a patient 'S  jOint. In LMN le

sions there is a decreased resistance to passive move

ment referred to as flaccid paralysiS. 

• Spontaneous contraction of muscle fascicles (fascicu

lations). This is caused by spontaneous discharging of 

the dying motor neurons and is visible as muscle 

twitching under the skin (spontaneous contractions of 

muscle fibers also occur but are evident only through 

electromyographic [EMG] recordings). The contrac

tions peak approximately 2 or 3 weeks after denerva

tion (Noback et aI . ,  1991) .  

• Severe neurogenic atrophy caused by denervation of 

the muscle 

• Absent or decreased myotatic/stretch/deep tendon re

flexes (areflexia or hyporeflexia , respectively). This 

depends on the number of LMNs that remain intact to 

an individual muscle. One means of testing the health 

of a skeletal muscle, its sensory and motor fibers, and 

the general excitability of the CNS at a segmental level 

is through the muscle stretch reflex. Tapping a tendon 

elicits a stretch reflex that may be nonexistent, d imin

ished , normal, or exaggerated . If an LMN lesion in

volves the nerve fibers innervating the muscle being 

tested,  the reflex response of that particular muscle is 



nonexistent (areflexic) or dimi nished, depending on 

how much of the muscle 's  innervation (by LMNs) is 

affected . For example, a lesion of an entire peripheral 

nerve or all the cord segments and roots forming that 

peripheral nerve results in areflexia,  while a lesion of 

j ust some of the cord segments and roots results in hy

poreflexia. 

( ppt..r \lotor '\t..uro"" .  The other type of motor 

neuron is the u pper motor neuron (lJMN). UMNs a re 

clinically referred to as neurons that  influence LMNs. 

Often MNs are considered to be the descending corti

cospinal fibers. In the context of this chapter, UMNs also 

include the ve�tibulospinal ,  rubrospinal ,  and reticulospi

nal tracts. Since UMNs arc descending tracts, it is appar

ent that ·M s, unlike LMNs, remain in the CNS and that 

UM s extend from the location of their cell  bodies 

to tbe termination of their axons. Therefore they are 

located in the cerebral cortex, internal capsule, brain 

stem , and white matter of the spinal cord . 

Lesions of the spinal cord probably i nterrupt a num

ber of descending tracts (UMNs) and produce c haracter

istic signs that are evident after the acute effects are 

gone. These include the fo llowing 

• Muscle weakness 

• Slow d isuse atroph y 

• Diminished or absent superficial (cutaneous) reflexes. 

An example of t llis type of rcflex is the abdominal re

flex. Stroking lateral to medial in a diamond-shaped 

pattern around the umbilicus normally causes the um

bilicus to move toward the stimulus. This is mediated 

b the T8 to '1' 1 2  nerves to the abdominal musculature. 

Another superfiCial reflex is the cremasteric reflex, 

which is tested by stroking the inner thigh. This re

sults in elevation of the ipsi lateral testicle and is medi

ated by the L1 and L2 nerves. This retlex is e licited 

best in infants. A third reflex is the plantar reflex. 

Stroking the lateral sole of the foot and under the toes 

produces a curling under of the toes and is mediated 

by the S 1 and S2 nerves. These reflexes are under the 

influence of UMNs.  

• Pathologic reflex.  The most common pathologic reflex 

is the Babinski sign (extensor toe sign). Providing an 

uncomfortable stimulus to the lateral sole of the foot 

and continuing uncler the toes produces dorsiilexion 

of the big toe and fa nning of the other digits. This is a 

withdrawal response normally suppressed by the CST 

(Daube et a I . ,  1 986; de Groot & Chusid, 1 988). 

• Spastic paralYSis. This type of paralysis is characterized 

by hypertonia (increased resistance to passive move

men t especially evident in the antigravity muscles, i . e . ,  

upper extremity fkxors and lower extremity exten

sors). During passive movement of an extremity, the 

resistance sudden ly d isappears. This action is similar 
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to the opening of a pocket knife ancl is referred to as 

the " clasp-knife" phenomenon . 

It is speculated that  afferents from the GTOs 

(proprioceptors located in muscle tendons) a re stimu

lated , causing i nh ibition and release the muscle. In ad

dition to hyperton ia, myotatic (stretch) reflexes are 

exaggerated (hyperreflexia) . Lesioning MNs elimi

nates descending inhibitory input to LMNs. However, 

the components of the stretch reflex (la afferents and 

a lpha motor neurons) a nd gamma motor neurons are 

s ti l l  intact. This a llows the gamma motor neurons to 

discharge at a higher rate. The spasticity produced 

by UMN lesions is caused by lesions in descend

ing tracts, such as the reticu lospinal tract (Bucy, 

Kepwlger, & Sique ira, 1 964; deGroot a nd C husid , 

1 988; N olte, 1 993) ra ther than the corticospinal 

fibers. In addition, Lesions of the cortical fibers pro

jecting to the reticular formation (e . g . ,  within the 

internal capsule) can cause dysfunction of the reticu

l ospinal tract (d eGroot & Chusid , 1 988; Lance, 1 980; 

Nolte,  1 993).  

The lack of involvement of the CST i n  producing 

spasticity is supported by experimental evidence. 

Selective lesions placed in the medul lary pyramids of 

monkeys resulted in weakness of d ista l musculature 

and impairment of skil led movements of the hands but 

did not resul t  in spasticity (Barr & Kiernan, 1 993;  

Ghez, 1 99 1 a ;  Kuypers, 1 98 1 ;  Nolte,  1 993). However, 

isolated case stud ies report that lesions in the pyrami

dal tract of hu mans cause increased tone. This may be 

because the lesions included reticu lospina l fibers that 

l ie close to the pyramidal  fibers (Lance, 1 980; Pau lson, 

Yates, & Pa ltan-Ortiz, 1 986). 

• Clonus. This is  another abnormal muscle activi ty 

sometimes seen with UM N lesions. C lonus is the rapid 

a lternating contraction and re laxation of antagonistic 

muscles. For example,  forcefu l  and mainta ined dorsi

flexion of t he ankle joint results in continued rapid 

tlexion and extension of tbe foot (see Muscle Tone 

and the Role of Stretch Reflexes). 

Certain aspects should be eva luated when assessing 

the motor system. These i nclude reflexes, muscle 

strength, muscle tone , muscl e  bulk,  movements, and 

posture . Whenever possible, sides of the body should be 

compared , and proximal muscle groups shou ld be com

pared with distal muscle groups. LMN lesions may be re

stricted to ind ividual  m uscl e  groups, whereas UMN le

sions may affect entire l imbs. Both resul t  in voluntary 

paralysiS for different reasons. ParalYSis of all four ex

tremities is known as quadriplegia ,  paralysis in both 

lower extrem ities is paraplegia, one-sided paralysis is 

hemiplegia, a nd paralysis of one extremity is monople

gia. The presence of UMN lesion signs localizes the le

sion to the CNS. However, LMN lesion signs may n:sult 
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from a ksion i n  the P S or C S. I n  determining the lo

cation of the ksion, knowledge of the p eri phera l nerve 

and cord segment Lnnervalion of muscles is  Lmpera tive 

(sec Tab le  9-3 and Peri pheral I erves). 

Sensory Assessment 

Eva luat i ng the sen 'o!")' systems i nvolves testing the in

tegrity of the OCML system and the spinothalamic tract .  

Sensol1' mod a l ities that may be tested include pain,  tem

perature ,  t ouch, Vibration, and conscious propriocep

tion . Pain (nocicepti on), w hich ascends contrala teral ly  

in the spi notha lamic tract ,  i s  tested by pinp ric king the 

skin in a dermaLOmal pattern. Light (crude) touch,  which 

can Ix eva l ua ted by brushing a wisp of colton across tile 

ski n ,  ascends i n  both the spinothalamic tract amI the 

DC-ML sy:-.lem. Testi ng for i ts  presence gives general in

formation abollt C S i ntegrity. Vibration i s  tested by 

p lac ing a vi brating tun i ng fork over variolls bony promi

nences , stich as t he malleoli  or ole '[anon process. This 

i nfo rmati on ascends i psilaterally in the cord ' s  dorsal col

u m n .  Conscious proprioception is evaluat d by the cli

n ician tlex ing or extending the patient ' s big toe or finger 

and asking the patien t  to identU'y Lf the d igit is up or 

dow n .  D uring each part of the examination, the patien t ' S  

eyes a r c  'Iosed , More di scriminative sensations, inc l ud

ing two-poi n t  touch , stereognosis, ancl grapllesthesia, 

also ascend i n  the nCMI. system . These are com plexJy 

i ntegrated i n  Lll<:: parictal lobe of t he cerebral cortex. The 

ana lysis by the cortex p rod uces <.liscriminatol1' capabi l i

t ies t hat arc i mportant in t he dai ly activities of huma n  ex

iste nce. 

Two-point touch is tested on t. he patient 'S  fingertips 

by stimulating two poi nt.s on the skin s imultaneously. 

The two points should be recognized within 2 to 3 mm 

of e�lch other. Graphesthesia i s  tested by tracing num

bers or letters on the s k i n  of the back of the patien t ' s  

hand a n d  hav i ng t h e  patien t identLfy the m .  Stereognosi s  

is t 'sted b y  plac i ng a c o m m o n  object i n  the hand and 

ask ing for its identification. The patient's eyes should be 

closed duri ng t hese tests. Whenever pOSSible, symmetry 

m ust be considered while evaluat ing these systems. As 

w it h  motor assessment ,  knowledge of the i n nerva tion of 

the area tested, as w e l l  as knowledge of the ascen d ing 

t racts involved, is imperati ve. Periphera l nerve and der

matomal palte rns of i n n e rvation (see Figs. 9-1 ami 9-2) 
differ and must he distinguished . 

Lesions 

Discussing the pathologiC con d it ions of the CNS is 

beyond the scope of t hi � chapter. Therefore the follow

i ng d iscl Ission genera l l  ' describes specifiC lesions with 

the sok intent of em phasizing t he key concepts in this  

chapter. 

Lesions of the Dorsal and Ventral Roots. De

pend i ng on the extent of injury to a dorsal root , varioLls 

symptoms are present. Cutaneous afferents i n  t he dorsal 

root are desti ned to i nnervate a specific strip of skin 

(dermatome). Therefore a lesion at this site produces 

symptoms that are local ized in a dennatomal d istribution 

rather than a periphera l  nerve d istri bution (see Figs. 9- 1 
and 9-2). Because derma tomes overl ap each other, sec

tioni ng (rhizotomy) one dorsal root produces different 

sym ptoms than sectioning m;U1Y dorsa l roots. For exam

ple,  sectioning one dorsal root produces hypest hesia 

(sl ightly dimini shed sensation) or paresthesia (abnormal 

spontaneous sensation such as " t ingling" or " p ins and 

need ks" typically experienced as when the foot " falls 

asleep"). Cutting several consecutive dorsal roots pro

duces anesthesia except in the outermost derma tomes; 

that i s ,  !esioning the L2 to L4 dorsal roots causes loss of 

al l  sensation only in the 1.3 dermatome. Some i nj uries 

may not be as severe, and lesions instead may calise pres

sure or irritation to the root (radL'(). Pressure may pro

d uce paresthesia and h ypesthesia i n  a dermatomal pat

tern whereas irritation a nd subsequent i nflammation (or 

pressure resulting in ischemia) may result in rad icular 

(root) pain located in a d ermatomal area (see Chapters 7 

and l l ) .  
In addit ion to the cutaneous effects seen, lesioiling 

dorsal roots a lso d isturbs motor function, p roduc i ng ob

servable motor deficits.  The destruction of a l l  dorsal 

roots involved with the i nnervation of an extremity. for 

exa mple, resu l ts in hypotonia and arel1exia, -'ven though 
the LMNs are i ntact. This occurs because the afferents of 

the stretch rdlex are des troyed . Sensory afferents,  s uch 

as from touch receptors a nd prop riocep tors,  also pro

vide feedback regarding motor activi ty,  which is  essen

tial  for movements to occ Llr p roperly . In fact, the ex

trem ity is frequentl), regarded by the indi v i d ua l  as 

useless without this input, a lt hough it can b . volunt a rily 

moved . Experi mental lesions of this  nature on primates 

show that the animal does not lise the extremity for 

clim bin g , walking, or grasping (Carpenter, 1 99 1 ) 
Tabes dorsalis,  a form of neurosyphilis, affects the elor

sal roots a nd a lso causes degeneration of the dorsal 

white columns. Ini tially, radicular pain and paresthesias 

are present, followed la ter by in1pai.rment of s 'nsation 

anc! reflexes, hypotonia ,  and loss of proprioception . Loss 

of proprioception results i n  sensol)' ataxia a nd an ataxic 

gait ,  described as bei ng broad based with the feet slap

ping the ground.  Visual cues become importan t  in main

taining balance. This loss of propri oception is t'videnced 

by tl1e pat ient's i nabi l i ty to st;lI1d with the feet together 

and eyes closed without sway ing or fal ling.  This i:-. re

ferred to as a Romberg sign ami is i ndicative of damage 

to the dorsal colum n .  

Ventral root lesion signs rentct t h e  loss or disrup

tion of the i nnerva ti on to effect ors. Destroying LMN 



fibers produces lJ\1 N lesion signs whereas destroying 

autonomic efferents in the 1'1 to L2 (L3) and S2 to S4 
roots affects visceral function (see Chapter 10) .  Pressure 

applied to the roots results in d iminished reflexes and 

muscle weakness. 

Cord Transectio n .  A complete transection through 

the spinal cord isolates the spinal cord from higher cen
ters and other cord segments .  It may produce a para

plegic or quadrip legic patient depending on the lesion's 
location. Initially, and lasting for approximately 1 to 6 

weeks, a phenomenon called spinal shock ensues in 
which all neural functions below the lesion level cease. 

This includes loss of somatic motor and sensory func

tions, such as reflexes and tone, and loss of autonomic 

functions, including autonomic reflexes and thermoreg

ulation. 

After the period of spinal shoc k, UMN lesion signs ap

pear, such as the Babinski sign and muscle spasms. At 
firs t, bilateral flexor muscle spasms predominate. In the 
lower extremity the flexors of the hip, knee, and foot 

may contract, producing the "triple-flexor response of 

Sherrington . "  In some severe cases the neurons become 

so hyperexcitable that the flexor response may occur in 
response to minimal cutaneous stimuli (e .g . ,  pu lling the 

bedsheet across over the lower extremities of a patient) 

or even without any obvious stimulus. After several 

months of flexor spasms, extensor tone gradually re

turns, and in most patients, extensor muscle spasms pre
vai l  (Carpenter, 1 99 1 ;  Noback et aI. , 1991)  and are ob

served in conjunction with other UMN lesion signs. 
Permanent loss of VOluntary autonomic control pro

duces profound effects on the sexual activity and the 

bladder and bowel activities of these patients (see 

Chapter 10). 

A hemisection of the left or right side of the spinal 
cord destroys several clinically important areas and pro

duces a Brown-Sequard syndrome. Although most often 

a lesion is partial or incomplete, this syndrome is vel1' 

instructive fo r applying concepts of neuroanatomy. In 

destroying a left or right half of the cord, numerous 

structures that are tested during a neurologic examina

tion are involved. These are O M Ns (located i n  the white 

matter), LMNs (located in the ventral horn), the clini

caUy important ascending tracts (the dorsal column of 

the DC-ML and the spinothalamic tract), and the entry 

zone of afferent fibers and the dorsal horn (Fig. 9-2 1) .  

Thus the fol lowing signs and symptoms (some of  which 

are ipSilateral to and some contralateral to the side of 

the lesion) are seen at and below the level of the lesion 
(Fig. 9-22) . 

Motor assessment of cord hemisection 

• Lower motor neuron lesion signs (e .g. , fasciculations 
and flaccidity) are seen in the ipsilateral muscles in-
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nervated by the nerves originating in the lesioned cord 
segments. 

• Upper motor neuron lesion signs (e.g . ,  hyperreflexia, 
Ba binski sign) are seen in the ipSi latera l muscles in

nen'ated by the nerves originating from cord segments 

below the level of the lesion .  Note that for UMN lesion 

signs to occur, the LMNs must be functioning. 

Sensory assessment of cord hemisection 

• Signs resulting from the loss of DC-ML functions are 

present ipsilaterally and below the level of the lesion .  

This includes loss o f  discriminating abi lities (two-point 
touch, stereognosis, graphesthesia) and impaired joint 

position sense and vibratOl1' sense. (Some patients 

with dorsal column lesions also experience increased 

sensitivity to pain, temperature, and even tickl ing 

[Nathan, Smith, & Cook, 1 986] .)  

• Because of the interruption of the spinotha lamic tract 

in the anterolateral quadrant, pain and tem perature 
sense is lost on the contralateral side from approxi

mately one or two segments below the level of the le

sion. 

• On the ipsilateral side and at the level of the lesion, 
anesthesia is present in a dermatomal pattern . In addi

tion, because of tbe overlapping of adjacent der

matomes, hypesthesia and paresthesia are present ip

silaterally in dermatomal areas ad jacent to the lesioned 

segments. Also, at the level of the lesion and depend
ing on the num ber of cord segments involved, there is 

usually some contralateral impairment of pain and 
temperature because of the interruption of the decus

sating fibers that originate from the contralateral side. 

• Little or no impairment of light (crude) touch exists, 

since this moclality ascends in both the spinothalamic 

and the DC-ML tracts. 

In localizing the site of the pathologic conditions, the 

UMN lesion signs are indicative of a CNS lesion , and the 

characteristic features of ipsilateral loss of discriminatOl1' 

touch ,  vibration, and joint position sense and contralat

eral loss of pain and temperature suggest a hemisection 

of the spinal cord . 

S} ringoJll)c.· lia_ Syringomyelia is the progreSSive de
struction of the central parts of the spinal cord as a result 

of the formation of a cavity (syrilLx) in the region of the 

central canal (Figs. 9-23 and 9-24). As the cavity enlarges 

ventrally (into the ventral white commissure), it disrupts 

the decussating spinothalamic fibers (Fig. 9-24). Th.is re

sults in bilateral segmental loss of pain and temperature, 

with other sensory modalities spared . This condition is 
called sensory ciissociation. The lesion may extend into 
the ventral horn, at which time it affects LMNs, produc

ing atrophy, impaired reflexes, and weakness. The 

syrinx may even extend into adjacent white matter, 

affecting descend ing tracts. The lesion may not be 
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FIG. 9·21 Brown-Sequard syndrome. Hemisection of the 

spinal cord (diag()nal lines) located in cord segments T6 

through 1'8. The corticospinal tract (green) , spinothalamic 

tract (red), dorsal column fihers (blue), and lower mowr neu· 

rons (yellow) have heen lesioned i n  those cord segments. The 

degenerating fibers are shown (dashed lines). 
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symmetric and may vary in size from one segment to the 

next. Syri ngomyelia occurring in cervical segments and 

atIecting the upper extremities is most common, and 

half of patients affected also have associated Arnold

Chiari malformation (inferior displacement of the cere

bellar tonsils) (Adams & Salam-Adams, 1 99 1 ) . 

Amyotrophic lAteral Sclerosis. Amyotrophic lat

eral sclerosis (ALS, or Lou Gehrig's disease) is a progres

sive and degenerative motor neuron disease. It atIects 
LMNs in the ventral horn, producing LMN signs in the af 
fected muscles (atrophy, fasciculations, weakness, etc . ) .  

I t  also causes degeneration o f  upper motor neurons, and 

a Babinski sign may be present, as well as hyperretl exia 

and paralysis. Both types of motor neurons may be af 
fected bilaterally. In addition to affecting skeletal mus

cles of the ..:xtremities a nd tnmk, ALS causes degenera

tion of LMNs of the cranial nerves that in nervate muscles 
of the face, pharynx, latynx, and tongue and may lead to 

seriolls problems of swallowing a nd breathing. A d is

tinctive characteristic of tbis disease is tbat sensory hll1c

tions are not impaired . 

Combined Systems Disea. .. e. Combined systems 

disease is the combined bilateral ciegeneration of the 

dorsal white columns and the lateral white columns of 

the spinal cord . I t  is relatively rare and is llsually associ

ated with pernicious anemia (subacllte combined de

generation). Perniciolls  anemia is caused by the inabil ity 
to a bsorb vita min B ' 2  because of a lack of in trinsic factor. 
Combined systems disease begins with paresthesias in 

the hands and arms, followed by sensoty ataxia as the 

dorsal columns of the lumbosacral cord become in
volved. As the disease progresses, UM lesion signs 
appear, such as the Babinski sign and hyperreflexia. 

Peripheral nerves also may be involved; however, the 

symptoms are masked by those produced by the CNS le

sions. Combined systems disease is treatable by the ad

ministration of weekly doses of vitamin B I 2  (cobalamin) 

(Adams & Salam-Adams, 1 991) .  

AG. 9-22 Regions of the body aJfected l)y a hemisection 

(Brown-Sequard syndrome) of cord segments T6 through '['8 as 

i ll ustrated in Fig. 9-2 1 .  The T7 dermatome (red) is a zone of 

anesthesia. Because of the overlapping hetween adjacent der

matomes, an area of hypesthesia and paresthesia exists (stijJ
pled at-etl) on both sides of the T7 dermatome. Loss of pain 

and temperature s nse (blue) occurs con tra latera l ly  below the 

level of the lesion. Impaired joint position sense and vihratory 

sense and loss of d iscri minatory abi l ities occur ipSilatera l ly  he
low the level of the l esion (light green) . Upper motor neuron 

lesions signs (diagonal lines) are present in muscles inner

vated by neurons originating in cord segments ipsilatC'ral to 

and below the level of the lesion. Lower motor neuron signs 

are present in muscles innervated by nemons originat ing in the 

Jesioned cord segments. 
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FIG . 9-l3 Magnetic resona nce i mages showing caviration of the spinal cord resu lt ing in sy

ringomyel ia ,  A, Horizontal sectio n ,  B, Midsagittal sec tion, 

,\cq uired lmmunodeftciency Syndrome. Acquired 

im munodeficiency synd rome (AIDS) is caused by the hu

man immunodeficiency virus type I (HIV-I),  In addition 

to systemic disorders, AIDS patients may also have neu

rologic com ponents, In fact ,  H IV-I has been located i n  

t h e  brains, cerebrosp inal fluid (Sharer, 1 992),  and spinal 

corels (Eilbott et a I . ,  1 989; Weiser et a I . ,  1 990) of AIDS 

patients, Researchers have reacheel general agreemen t a t  

th is time that the monocyte/macrophage ce.1 1  l ine is in

fected , The pathologic condition seen in the spinal cord 

is referred to as vacuolar myel opathy and is character

ized by vacuoles infi l trated by macro phages in the do rsal 

a ncl  la teral white colu mns, When first described by 

Goldstick, Manclyhur,  & Bode ( 1 985), the h istopatho

logic resemblance to combined systems disease was 

noticed , However, Petito anel col leagues ( J  985) fo und 

that the 20 patients they studied had no defiCiency in 

cobala m i n  (vita min B , J ,  Although variable, patients with 

vacuolar myelopathy have spasticity and leg weakness 

(often paraplegi a), ataxia, incontinence, and sensory 

deficits (Adams & Salam-Adams, 1 99 1 ;  Sharer, 1 992), 

Postmortem stud ies have shown that the average inci

dence of vacuolar myelopathy in HIV-l patients is 20'% to 
30%, Chi lclren with the HI V-l i nfection rarely exhibit this 
conclition (Sharer, 1 992), 
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Loss of pa in  and 
temperature senses 

FIG. 9- 2"1 Pain and temperature deficit seen i n  a "shawl-li ke" distribution tha t is character

istic of syringomyeli a .  The purple a nd orange areas correspond to the lesioned fibers illus

trated in B. B, Three spina l  cord cross sections. The top cross section represents spinal cord 

segments where cavitation has resulted i n  syringomye lia.  The diago n a l  l ines indicate the I e

sioned area, which includes the ventral white comm issure, where pain and temperatu re fibers 

from both sides of the body decussate. These lesioned fibers (dashed lines) are colorecl pur

ple and orange. Ascending information entering the spinal  cord below the lesion ascends in 

axons (red, green, yellow, blue) that are not disrupted. 
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The autonomic nervolls system (ANS) functions to 

maintain homeostasis by providing the optimal internal 
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environment for the ceBular components of the organ

ism during normal and stressful periods. The ANS ac

complishes this task through its control of visceral func

tion, and it is generally considered to be a motor system 

consisti.ng of fibers that innervate the smooth muscle, 

cardiac muscle, and glands of the body. However, so

phisticated neuroanatomic techniques, such as immuno

cytochemistry and axonal tracing methods, have pro

duced data indicating that visceral control involves 

much more than the efferents of the sympathetic and 

parasympathetic divisions of the ANS. Recent infonna

tion suggests that other structures ancl regions are inti

mately associated with these efferents. These include 

visceral afferent fibers and the reflexes they may initiate, 

the widespread influence and variety of chemical media

tors, and the central autonomic circuit!)', which is in

volved with the integration and dissemination of visc ral 
input. Therefore, each of these topics is generally de

scribed along with the origin and course of the sympa

thetic and parasympathetic efferent fibers to present a 

composite picture of the ANS. The chapter concludes 

with examples of pathologies that affect the ANS. 

AUTONOMIC EFFERENTS-SYMPATHETIC, 
PARASYMPATHETIC, AND ENTERIC 
DMSIONS 

The ANS is composed of a sympathetic division and a 

parasympathetic division. These two divisions are dis

cussed here, followed by a description of a third division 

of the ANS .  This third division is the enteric nervous sys

tem, which is a complex network of neurons located 

within the wall of the gut. 

The ANS can best be described after certain charac

teristics common to both the sympathetic and the 

parasympathetic divisions have been reviewed. The 

parasympathetic and sympathetic innervation of auto

nomic effectors (organs, vessels, glands) is organized 



differently than the innervation of skeletal muscle (Fig. 

10-1). Although the axons of alpha and gamma motor 

neurons course directly to skeletal muscles, the innerva

tion of ANS effectors requires a chain of two neurons 

(Fig. 10-1). These two neurons are called the pregan

glionic and postganglionic neurons. The cell body of the 

preganglionic neuron is always located in the central 

nervous system (eNS); either in the spinal cord or in the 

brain stem (Fig. 10-2). The axon is thinly myelinated and 

immediately leaves the eNS within a specific ventral root 

of the spinal cord or within certain cranial nerves exiting 
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the brain stem. The cell body of the postganglionic neu

ron is located in an autonomic ganglion that may be 

found in numerous places outside the eNS (Fig. 10-2). 

The preganglionic neuron synapses with the postgan

glionic neuron within thiS ganglion. The axon of the 

postganglionic neuron is unmyelinated and innervates 

the effector. Both the preganglionic and the postgan

gliOniC neurons frequently travel in components of the 

peripheral nervous system (PNS) (spinal nerves, cranial 

nerves) and are intermingled with afferents and somatic 

motor neurons of peripheral nerves. Most effectors are 

Thoracic segment 

To skeletal m. To smooth m. 
and glands 

0--GangliOn 

To smooth m. and glands �GangliOn 

To cardiac m., 
smooth m., and 
glands 

To skeletal m. 
Bra in stem 

FIG_ 10-1 The general organization of autonomic preganglionic (solid line) and postgan

glioniC (dashed line) neurons (right) compared to somatic efferent neurons (left). A, 
Sympathetic output and somatic output from the spinal cord. B, Parasympathetic output and 

somatic output from the brain stem. 
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AG. 10-2 The parasympathetic and sympathetic divisions of 

the autonomic nervous system. Preganglionic neuron cell bod

ies are located in the brain stem and sacral cord segments 

(parasympathetic or "cranio-sacral" division) and thoracic 

and upper lumbar cord segments (sympathetic or "t11oraco-

I

nferior � 
hypogastric A 

plexus 

lumbar" division). The aXOIlS of these neurons synapse with 

postganglionic neurons, which conrse to the smooth muscle, 

cardiac muscle, and glands of the body. The postganglionic 

neurOn cell bodies may be located in distinct autonomic gan

glia, or in or very near the wall of the innervated visceral organ. 



innervated by both sympathetic and parasympathetic 

fibers (Fig. 1 0-2 and Table 1 0-1) .  These fibers produce 

antagonistic but coordinated responses in the effectors. 

Descending input from higher integrative centers such 

as the hypothalamus and areas of the brain stem reaches 

the cell bodies of preganglionic fibers to regulate and ad

just their activity. This descending input is a part of sev

eral specific visceral reflex pathways and is also used by 

higher centers to institute widespread bodily changes. 

Sympathetic Division 

The general function of the sympathetic nervous system 

(SNS) is to help the body cope with stressful situations. 

The response is usually the rapid release, and subse

quent use, of energy. This is best exemplified by the re

action of the body to a dangerous situation. In this in

stance, sympathetic involuntary responses occur, in

cluding increased heart and respiratory rates, cold and 

clammy hands, wide-eyed stare, and dilated pupils. 

Blood is redistributed by means of vasoconstriction and 

vasodilation from such areas as the abdominal and pelvic 

organs and skin, to more important tissues such as the 

brain, heart, and skeletal muscles. The level of blood glu

cose increases, as does blood pressure. Activity of the 

gastrointestinal (GI) and urinary systems is less impor

tant during this stressful situation, and therefore the 

smooth muscle of these organs is inhibited. Because of 

this overall response, the sympathetic division is often 

referred to as the fight-or-flight division of the ANS. 

Prq�angli()nk "i}lllpathetk Neurons_ The cell bod

ies of the preganglionic sympathetic neurons are located 

in the spinal cord in all thoracic segments and in the up

per two or three lumbar segments (Fig. 1 0-2). Because of 

the distribution of these preganglionic cell bodies, the 

sympathetic division of the ANS is often referred to as 

the thoracolumbar division. These preganglionic neu

rons comprise a heterogeneous population within the 

spinal cord. The dendritic arrangement of these neurons 

ranges from simple to complex arborizations. The cell 

bodies are of different shapes, and their size falls in a 

range between the size of smaller dorsal horn neurons 

and larger somatic motor neurons. Of the total membra

nous surface area of these neurons, the cell body of each 

composes a maximum of 1 5%, which likely indicates the 

importance of the dendritic surface area of that neuron 

(Cabot, 1 990). 

The cell bodies of the preganglionic neurons are 

found in four nuclei within the intermediate gray matter 

of the spinal cord (Cabot, 1 990). The largest group of 

these cell bodies is the intermediolateral (IML) cell col

umn that forms the lateral hom. Throughout this column 

are clusters of 20 to 1 00 neurons that are separated by 

distances ranging from 200 to 500 /-1m in the thoracic 
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Table 10-1 Functions of the Sympathetic and 

Parasympathetic Divisions 

Strucrure 

Eye 

Pupil 

Ciliary muscle 

Heart 

Rate 

Force of ventricu

lar contraction 

Lungs 

Bronchi 

Glands 

Skin 

Sweat glands 

Arrector pili 

muscle 

Glands of head 

Lacrimal 

Salivary 

Arteries 

Skin 

Coronary 

Bronchial 

Abdominal 

Skeletal muscle 

Gastrointestinal tract 

Motility/tone 

Sphincters 

Secretion 

Liver 

Gallbladder 

Urinary bladder 

Detrusor muscle 

Sphincter (non

striated) 

Sex organs 

Adrenal medulla 

Sympathetic 
function 

Dilates 

Relaxes (slightly; far 

vision) 

Parasympathetic 
function 

Constricts 

Contracts (near 

vision) 

Increases Decreases 
Increases Decreases 

Dilates Constricts 

Increases secretion 

(cholinergic) 

Contracts 

Stimulates se

cretion 

Reduces secretion Increases se-

cretion 

Secretion reduced Secretion in-

and viscid creased and 

watery 

Constricts 

Constricts (alpha Dilates 

receptors) and 

dilates (beta re-

ceptors) 

Constricts 

Constricts 

Constricts (alpha 

receptors) and 

dilates (beta re

ceptors) 

Inhibits Stimulates 

Constricts Relaxes 

Inhibits Stimulates 

Breaks down glyco-

gen (glycogen

olysis) 

Relaxes Contracts 

Little or no role in Contracts 

micturition 

Relaxes 

Contracts smooth Erection 

muscle (ejacu-

lation) 

Vasoconstriction Vasodilation 

Stimulates secretion 
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region and 100 to 300 /-1m in the lumbar region. The ceU 

bodies are approximately 1 2  to 13 /-1m in diameter and 

histologically are similar to motor nellfons (Harati, 

1993). The diameters of the axons range from 2 to 5 /-1m, 

and their speed of conduction is about 3 to 1 5  m per sec

ond. These fibers are often classified in the B group (see 

Chapter 9). At the T6 and T7 levels, the mean number of 

these cells is about 5000, but it has been shown that the 
number decreases with age at the rate of about 8% per 

decade CHarati, 1993). 
The other three nuclear groups of preganglionic neu

rons have been described by Cabot (1990) and are the 

lateral funiclliar area (located lateral and dorsal to the in
termediolateral group), the intercalated cell group (lo

cated medial to the IML column and possibly the same 

cluster of neurons l)'pically referred to as the interme
diomedial group), and the central autonomic nucleus 
(located lateral and dorsal to the central canal). In longi

tudinal sections the combination of these groups forms 

a ladderlike structure in which the paired IML cell 

columns form the sides of the ladder and the intercon

nected central autonomic nucleus and intercalated cell 

group form the rungs (Fig. 10-3). Although the anatomic 

characteristics of these four nuclei have been described, 

the functions still remain unclear. 

Postganglionic Sympathetic Neurons. According 
to the general rule of organization of the ANS, two neu
rons are necessary for the impulse to reach the effector. 

One is the preganglionic neuron, which has Just been 

briefly discussed. The second neuron in the pathway to 

an autonomic effector is the postganglionic neuron. This 

neuron's axon is classified as a group C fiber (see 

Chapter 9). It is generally described as unmyelinated, 

with a diameter ranging from 0.3 to 1 .3 /-1m and a slow 
conduction speed ranging from 0.7 to 2 . 3  m per second 
(Carpenter & Sutin, 1983). The cell body is located out
side the CNS in an autonomic ganglion. Unlike a sensory 

ganglion of cranial nerves and a dorsal root ganglion of 

spinal nerves where no synapses occur, an autonomic 

FrG_ 1 0-3 The location of the four groups of symparl.1etic preganglionic neurons within 

the �pjnal cord gray matter. In the middle of the spinal cord, the horizontal plane shows 

the "ladderlike" arrangement of these neurons (1Lr, lateral funicular nucleus; IML, inter

mediolateral nucleus; IC, intercalated nucleus; CA, central autonomic nucleus; db, dorsal 

horn; {lb, ventral horn: ce, central canal.) (From Cabot, J,B. r 1990]. Sympathetic preganglioniC 

neurons: Cytoarchitecture, ultrastnlCture, and biophysical properties. In A.D. Loewy ami 

K.M. Spyer [E(lsj, Central regulation afautonomic/unctions. New York: Oxford University 

Press.) 



ganglion is the location of the synapse between the 

preganglionic neuron and the postganglionic neuron. 

Preganglionic fibers disseminate their information by 

diverging and synapsing on numerous postganglionic 

fibers. This principle of divergence is based on studies of 

the superior cervical ganglion of mammals. Results of 

different studies show preganglionic to postganglionic 

ratios of 1:4 (Loewy, 1990a), 1:15 to 1:20, and 1: 176 

(Williams et aI., 1989). (Tl1e parasympathetic division 

has also been found to exhibit divergence, but to a lesser 

degree.) This divergence may allow the effects of sym

pathetic stimulation to be more widespread tl1rougi1out 

the body and to be of greater magnitude. 

The autonomic ganglion in which the synapse occurs 

may be one of a chain of ganglia (referrecl to as the sym

pathetic chain, sympathetic tmnk, or paravertebral gan

glia) located near the vertebral bodies of the spinal col

umn, or it may be a prevertebral ganglion (see Fig. 10-2) 

found within one of the autonomic nerve plexuses. 

These plexuses surround the large arteries in the ab

dominal and pelvic cavities. Regarclless of location, the 

ganglion is encapsulated by connective tissue. The con

nective tissue capsule is continuous with the epineu

rium of the bundle of entering preganglionic neurons 

and the bundle of exiting postganglionic neurons. With

in the capsule are multipolar postganglionic neurons. 

These neurons consist of cell bodies that bave diameters 

ranging from 20 to 60 /-lm and dendrites that branch in a 

complex pattern. Surrounding the cell bodies ancl den

drites are satellite cells that are similar to those found in 

the dorsal root ganglia. Other cells, referrecl to as small 

intensely fluorescent cells (SIFs), are present singly or in 

clusters. These latter cells release the neurotransmitter 

dopamine and may function as interneurons connecting 

the preganglionic and postganglionic cells (Carpenter & 
Sutin, 1983; Harati, 1993; Williams et aI., 1989). 

S)mpathclic Trunk. Two sympathetic trunks are lo

cated in the body, each of which lies on the anterolateral 

side of the vertebral column (Fig. 10-4). They both ex

tend from the base of the skull to the coccyx. Because 

they lie next to the vertebral column, the ganglia of the 

sympathetic tnll1ks are also called the paravertebral gan

glia. Inferiorly the two trunks join in the midline ancl ter

minate on the anterior surface of the coccyx as the gan

glion impar. 

Each sympathetic trunk shares important anatomic re

lationships with surrouncling structures. In the neck it 

lies between the carotid sheath and the prevertebral 

muscles, which cover the transverse processes (TPs) of 

the cervical vertebrae. It is found anterior to the heads of 

the ribs in the thorax, anterolateral to the bodies of the 

lumbar vertebrae in the abclomen, and medial to the an

terior sacral foramina in the pelvis (Williams et aI., 

1989). As the name sympathetic chain ganglia implies, 
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this structure consists of 22 ganglia that are linked to

gether by connective tissue surrounding ascending and 

descencling fibers. The total number of ganglia does not 

correspond exactly to the number of spinal nerves be

cause some of the ganglia have fusecl with one another. 

This fusion is most evident in the cervical region, where 

there are only three cervical ganglia. The thoracic por

tion of the sympathetic trunk includes 10 to 12 g:Jnglia 

(70% of the time there are 1 1), the lumbar region ex

hibits 4 ganglia, and 4 or 5 ganglia appear in the sacral 

region of the trunk. The union of the two sympathetic 

trunks forms the one coccygeal ganglion. 

The preganglionic fibers exit the spinal cord in the 

ventral roots of cord segments T 1  to L2 or L3 to reach 

the postganglionic neurons. Therefore, at these particu

lar levels, the ventral roots include both preganglionic 

sympathetic fibers and fibers to skeletal muscle, that is, 

alpha and gamma motor neurons. The preganglionic 

fibers continue into the spinal nerve, and at the division 

of the spinal nerve into its dorsal and ventral rami (pos

terior and anterior primary divisions, respectively), the 

myelinatecl preganglionic fibers exit, forming the white 

(myelin is a white substance) ramus communicans, and 

then continue into the sympathetic trunk. (There are 

only 14 or 15 white rami because tl1ere are only 14 or 15 

spinal cord segments [Tl to L2-3J that prOVide pregan

glionic sympathetic fibers.) 

The sympathetic system innervates autonomic effec

tors throughout the entire body. In general, coni seg

ments Tl through T6 are involved with sympathetic ill

nervation of autonomic effectors in the head, neck, up

per extremities, and thorax. The cord segments from 

apprOximately T7 through L2 or L3 innervate the effec

tors in the lower extremities, abdominal cavity, and 

pelvic caVity. RecaU that the sympathetic trunk is the lo

cation where synapses occur between preganglionic and 
postganglionic sympathetic fibers. Since the sympathetic 

trunk extends rostrally, adjacent to cervical vertebrae to 
reach the base of the skull, and cauclally, adjacent to the 

sacrum to reach the coccyx, this trunk provides the 

means by which preganglionic fibers may ascend or de

scend to reach spinal nerves formed above or below the 

levels of Tl through L2 or L3. Once the preganglionic 

fibers pass through the white rami communicantes and 

enter the sympathetic trunk, they may proceed in differ

ent directions. 

Autonomic fibers innervating peripheral blood vessels 

(including those in the skeletal muscles and in the skin), 

sweat glands, ancl arrector pili muscles of hair follicles 

travel in spinal nerves and subsequently peripheral 

nerves, to innervate the appropriate effectors. These ef

fectors are locatecl in the area of distribution of each of 

the peripheral nerves. After entering the sympathetic 

trunk, preganglionic fibers associated with these effec

tors do one of three things (Fig. 10-5): ascend to synapse 
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HG. 10-4 The sympathetic chain ganglja 

(trunk) and its anatomic location in the cervical 

regjon and in the thoracic, abdominal, and 

pelvic cavities. (For the sake of clarity, the left 

sympathetic trunk in the cervical and thoracic 

regions has been omitted.) 
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FIG. 10-5 A diagrammatic scheme showing the options of sympathetic neurons. A, This shows that 

once preganglionic fibers (yellow) have entered the chain, they may: ascend to higher levels and 

synapse with postganglionic .fibers that may enter gray rami (blue) or travel on blood vessels (dark 

green); synapse in numerolls ganglia with postganglionic neurons that leave the chain as cardiac 

branches (black); synapse at the level of ently with postganglionic neurons that enter gray rami (blue). 

Continued. 

A 
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FIG. 10·5, cont'd. B, This shows that once preganglionic fibers (yellow) have en

tered the chain they may: synapse at the level of entry with postganglionic neurons that 

enter gray rami (blue); descend to lower ganglia and synapse on postganglionic neurons 

that enter gray rami (blue); pass through the chain (purple) without synapsing and 

travel to prevertebral ganglia, where they synapse with postganglionic neurons, the ax

ons of which course to effectors in the abdominal and pelvic cavities. 



with postganglionic neurons in ganglia above T1 (for 
cervical nerves); synapse with postganglionic neurons at 

the level of entry into the trunk, that is, T1 to L2 or L3 

for those corresponding nerves; or descend to synapse 

with postganglionic neurons in ganglia below L2-3 (for 

lumbar and sacral nerves). From the sympathetic trunk 

the postganglionic fibers course through gray (these are 

unmyelinated fibers) rami communicantes (usually lo

cated proximal to the white rami), enter the spinal nerve 
at the location of its division into dorsal and ventral rami, 

and continue to the Al'iS effectors. Therefore the dorsal 
and ventral rami and subsequently formed peripheral 

nerves include sensolY afferent fibers, motor neurons to 

skeletal muscle, and postganglionic sympathetic fibers. 
The ventral roots of T1 to L2-3 cord segments are unique 

in that they contain motor neurons to skeletal muscle 
and also preganglioniC sympathetic fibers. 

Sytll pat lu. tic Preganglionic ,llld Poslj.pngL Ollie.: 

Iiht rs. Sympathetic preganglionic fibers sending nerve 

impulses to effectors in the head enter the sympathetic 

trunk, ascend to the superior cervical ganglion, and syn

apse with postganglionic neurons. The postganglionic 
fibers course with large blood vessels to reach effectors 

located in the head region (Fig. lO-5, A). Such effectors 

include glands, the smooth muscle of blood vessels, and 

the smooth muscle of the eye. Some pregangliOniC fibers 

sending impulses to smooth mLlscle, cardiac muscle, and 
glands of the thorax ascend on entering the trunk and 
synapse at rostral levels, whereas others synapse with 
postganglionic fibers at the level of entry. These post

ganglioniC fibers leave the chain as branches that merge 

with other nerve fibers , including parasympathetic vagal 
fibers, to form plexuses innervating the heart and lungs. 

Abdominal and pelvic effectors are innervated in a dif

ferent manner than the effectors of the head, thorax, and 

cutaneOLlS regions. Preganglionic fibers enter the sympa

thetic trunk via white rami communicantes but do not 
synapse in the chain ganglia. Instead, they pass through 
the chain ganglia and emerge as a collection of fibers 

called sympathetic splanchnic (referring to the viscera) 

nerves. These nerves course inferiorly in an anterome

dial direction, pass throllgh the diaphragm, and end in 

various prevertebral ganglia. Here they synapse on post

ganglioniC neurons that then continue to the effectors of 

the abdominal and pelvic cavities (Fig. lO-5, B). The sym

pathetic prevertebral ganglia are enmeshed in plexuses 

of sympathetic and parasympathetic fibers and are lo
cated near large arteries found in the abdominal cavity. 

Examples are the cel.iac, superior mesenteric, aorticore

nal, and inferior mesenteric ganglia. 
On entering the sympathetic tnll1k, a pregangl ionic 

neuron may either ascend or descend and, in each case, 

subsequently synapse in more than one ganglion. A pre

ganglionic neuron may also synapse at the entry level 
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and send collateral branches up or down to other gan
glia. However, less than 2% of the neurons send a branch 
both up and clown (Cabot, 1990). In all cases described 

thus far, a preganglionic neuron has synapsed with a 

postganglionic neuron. However, a notable exception is 

the innervation of the medulla of the adrenal gland. The 

adrenal medulla develops from the same embryonic 

neural crest as postganglionic neurons. Although the 

medullary chromaffin cells do not resemble postgan
glioniC neurons in appearance, they do function in a 

similar mal1l1er. PreganglioniC neurons innervate the 
medulla directly, which in turn releases epinephrine and 

some norepinephrine into the blooclstream. These neu

rotransmitters Circulate throughout the body, stimulat

ing effectors and assisting in the overall sympathetic re

sponse. A summary of the various sympathetic nerve 

pathways is provided in Fig. lO-6. 

SpCt ihc Ikgi()n� of lhl S) mpathelic Trunt. 

Cervical sympathetic trunk. The fusion of the eight 
cervical ganglia results in three distinct ganglia in the re

gion of the neck (Figs. 10-4, 10-7, A, and 10-8). These are 

known as the superior, middle, and cervicothoracic 

(stellate) ganglia. (Twenty percent of the time the T1  

ganglion is  separate, and then the cervicothoracic gan

glion is referred to as the inferior cervical ganglion 

[Harati, 1993],) The superior ganglion (Figs. lO-7, A, 10-

8, and lO-9, A) is the largest of the three and lies high in 
the neck adjacent to vertebrae C2 and C3,  anterior to the 
longus capitis muscle and posterior to the cervical part 

of the internal carotid artery. It is also in the vicinity of 

the internal jugular vein and the glossophalyngeal, va

gus, spinal accessory, and hypoglossal cranial nerves 

(Williams et aI . ,  1989). The proximity of the ganglion to 

these nerves may account for the autonomic effects seen 

when these nerves are lesioned in this location (Cross, 

1993b). The ganglion is formed by the fusion of the first 

four cervical ganglia, is 2.5 to 3.0 cm long, and includes 

more than 1 million neurons (Carpenter & Sutin, 1983; 

Harati, 1993; WiJJiams et aI. , 1989). Postganglionic fibers 
leaving this ganglion course to various regions. Some as

cend as perivascular plexuses on the internal and exter
nal carotid arteries. A large branch (internal carotid 

nerve) from the superior cervical ganglion ascends with 

the internal carotid artery and divides into branches that 

form the internal carotid plexus (Fig. 10-7, A) (Williams 

et aI . ,  1989). This plexus continues to travel with that 

artery, and within the cranial cavity the fibers innervate 

the autonomic effectors. In addition, some are sympa
thetic vasoconstrictor fibers and innervate cerebral 

branches of the internal carotid artery. Other post

ganglioniC fibers leave the ganglion as medial, later�!I, 

and anterior branches and course directly to effectors. 

The lateral branches include gray rami that join the 
first four cervical spinal nerves. They travel with those 
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FIG. 10-6 Flow chart of pathways of the 

preganglionic and postganglionic sympathetic 

neurons. 

spinal nerves to effectors in the areas of d istribution 
of the nenTes. The medial branches include laryngopha

ryngeal and cardiac branches. The anterior branches 

travel with the common and external carotid arteries. 

Fibers continue with branches of the external carotid 

artery to innervate such structures as the facial sweat 
glands by traveling with terminal branches of the tri

geminal nerve (cranial nerve [CN] V) (Williams et aI . ,  

1 989). 

The middle cervical ganglion (Figs. 1 0--7,  A, and 1 0-8), 
formed by the fusion of the C5 and c6 ganglia, is the 

smallest (0 .7  to 0.8 em), and sometimes may be absent. 

It lies adjacent to the c6 vertebra and near the infeIior 
thyroid artery, which is a branch of the thyrocervical 
trunk.  Postganglionic fibers include gray rami that enter 

the C5 and c6 spinal nerves (sometimes the fourth and 
seventh), thyroid branches, and the largest sympathetic 
cardiac branch. The ganglion is continuous with the 

cervicothoracic ganglion by anterior and posterior 

branches. Although there is variation to this connection, 
typically the posterior branch splits around the vertebral 

artery as it descends to the cervicothoracic gang.lion; the 

anterior component descends and loops around the first 
part of the subclavian artery before connecting with the 

I Ascend in sympathetic chain and 
.. synapse: postganglionic fibers via carotid 

blood vessels->Effectors in head 

Synapse in cervical and upper thoracic 

� 

ganglia: postganglionic fibers via 
cardiac branches-> Effectors in thoracic 
cavity 

Pass through sympathetic chain and exit 
as sympathetic splanch nic nerves and 

...... synapse in prevertebral ganglia in the 
abdomen and pelvis; postganglionic 
fibers via blood vessels-·Effectors i n  
abdominal  a n d  pelvic cavities 

cervicothoracic ganglion. This loop is called the ansa 

subclavius (Fig. 1 0-9, 8). 
The cervicothoracic (stellate) ganglion (Figs. 1 0-7, A, 

and 10-9 , B) is formed by the fusion of the seventh, 
eighth, and first thoracic ganglia. It is approximately 2.8 
em long and is located between the base of the TP of C7 

and the neck of the first rib. Some postganglionic fibers 

travel in gray rami communicantes to enter the C7, C8, 

and T1 spinal nerves, whereas others form a cardiac 
branch. Some other fibers form branches that course on 
the subclavian artery and its branches. One of these is  

large, and because i t  ascends with the vertebral artelY 

(Fig. 1 0-7 , A, and 1 0-9, B), it is frequently called the ver
tebral nerve (see Chapter 5 and Fig. 5- 1 9).  This nerve is 
joined by other branches and forms the vertebral plexus. 

This plexus travels into the cranial cavity on the artelY 

and continues on the basilar artery, where it joins the in
ternal carotid artery p lexus. Some consider the vertebral 

plexus to be the major continuation of the sympathetic 

system into the cranium (Williams et aI . ,  1 989). 

Although the cenTicaL sympathetiC chain has no white 

rami communicantes associated with it, numerous gray 
rami are present. As many as three gray rami may con
nect with each of the C5 to C8 spinal nerves (Carpenter 
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FIG. 0·7 A, The cervical sympath etic trunk and the continuation of autonomic fibers to ef

fectors in the head. Note the relationship of the superior cervical ganglion to the vagus and 

glossopharyngeal cranial nerves and the internal carotid artery. Gray (not white) rami com

municantes course from the cervical chain to the cervical spinal nerves. Leaving the cervi

cothoracic ganglion is the vertebral nerve and plexus that travel with the vertebral artery. 

Fibers of some postganglionic neuron cell bodies located in the superior cervical ganglion ini

tially form th e internal carotid nerve, which travels with the internal carotid artery, and sub

sequently branches to form the internal carotid plexus. Fibers of other postganglionic neuron 

cell bodies located in the superior cervical ganglion course with branches of the external 

carotid artery. Note that postganglionic fibers leave the blood vessels and travel with branches 

of cranial nerves. On the way to their destination, the sympathetic fibers may pass through, 

but do not synapse in, parasympathetic ganglia (e.g., Ciliary and pterygopalatine). 

Continued. 
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FIG. 10-7. cont'd. 8, The thoracic sympathetic trunk shows that gray (medial) anel white (lateral) rami com

municantes are present. Thoracic autonomic plexuses (e.g., cardiac, pulmonary, and esophageal), which are 

formed by postganglionic sympathetic fibers and vag:ll preganglionic fibers, are shown. Cardiac nerves and 

greater and lesser splanchnic nerves are also illustrated. 
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FIG. 10-7, c()nl'd. C, The 1 1 Imb�r and pelvic sympathetic 

trunks and autonomic plexlises. The psoas major muscle has 

been reflected laterally to show the lumbar chain more clearly. 

The left and right pelvic sympathetic trunks can be seen unit

ing on the anterior surface of the coccyx to form the ganglion 

impar. Gray rami communicantes connecting the sympathetic 

tnlllk with spinal nerves are present at all levels. Also notice 

& Sutin, 1 983). Also, cervical gray rami may pierce the 
longus capltls and scalenus anterior muscles as they 

course to the cervical spinal nerves (Williams et aI . ,  
1989) . 

Thoracic sympathetic trunk. Eleven small ganglia 

are lIsually (70% of the time) found in the thoracic sym-

the major autonomic plexuses found in the abdominal and 

pelvic cavities. Sympathetic prevertebral ganglia located in the 

abdominal cavity (such as the celiac, superior mesenteric, and 

inferior mesenteric) are also shown. In the pelvic cavity the 

superior hypogasttic plexus continues as tile left and right hy

pogastric nerves that , with parasympathetic fibers, form the 

left and right inferior hypogastric (pelvic) plexuses. 

pathetic chain (Figs. 1 0-7, B, and 1 0- 1 0) .  Each ganglion 
inc ludes 90,000 to 1 00, 000 neurons (Harati , 1993). The 

thoracic chain lies adjacent to the heads of the ribs. In 

this region of the chain, white rami communicantl:s, as 

well as the gray ram i  commlU1icantes, are clearly evident 

(Fig. 1 0- 1 0 ,  B). The white rami Ije more distal (lateral) 

than the gray rami, and two or more rami may be 
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FIG. 1 0-8 A, The left 
�ide of lhe neck showing 

the cervical sympa thetic 

trunk. The veins and the 

superior portion of the ex

ternal carotid artery have 

been resected . 
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connected to one spinal nerve. Postganglionic fibers 

originating from all thoracic ganglia enter the thoracic 

spinal  nerves and travel with them to effectors. Some 

postganglionic fibers from the T1 to T5 ganglia form 

direct branches to the aortic, cardiac, and pulmonal1' 

pl exuses of the thorax. Other branches of the T5 to T 1 2  

ganglia are associated with the three splanchnic nerves 

involved with t he sympathetic llulervation of the ab

dominal and pelvic viscera. These splanchnic nerves 

consist of pregangl ionic fibers, 

The greater splanchnic nerve (Figs. 1 0-7, B, and 

1 0- 10 ,  A) is formed from preganglionic fibers exiting 

from the T5 to T9 or Tl 0 gangl ia .  It courses to the 

medulla of the adrenal glan d ,  to the celiac ganglion ,  and 

sometimes to the aorticorenal ganglion. In the gangl ia, 

the pregangl ionic fibers of the greater splanchnic nerve 

synapse on postganglionic neurons.  The lesser splanch

nic nerve consists of p reganglionic fibers from the T9 
and T l O  or T 1 0  and T l l ganglia and is p resent 94% of 

the time. It courses into the abdominal cavi ty to synapse 

in the aorticorenal ganglion (which i s  the detached 

I nternal 
carotid a .  

i!IIl"���I(..-w,------------- Occipital a .  

C3 ventral 
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Scalenus 
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lower part of the celiac ganglion), The third spla nchnic 

nerve is the lowest or least splanchnic nerve and is pre

sent 56% of the time. This nerve is sometimes called the 

renal nerve and emerges from the T 1 2  ganglion to ter

minate in many smaU ganglia located in the renal plexus 

(Harati, 1 993; Wi lliams et aI. , 1 989). From these prever

tebral ganglia,  postganglionic fibers participate in the 

formation of the various perivascular plexuses as they 

travel to abdominal  effectors. 

Lumbar sympathetic tntnk. The thoracic sym· 

pathetic tnmk passes posterior to the medial arcuate 

ligament (or sometimes through the crura of the di

aphragm) to become continuous with the lllllbar sym

pathetic trunk found within the abdominal cavi ty .  The 

trunk consists of fou r  interconnected lumbar ganglia 

(each of which conta ins 60,000 to 85,000 neurons 

(Harati, 1 993» and lies adjacent to the anterolateral as

pect of the lumbar vertebrae and the medial margin of 

the psoas major muscle (Figs. 1 0-7 , C, and 1 0- 1 1) .  The in

ferior vena cava, right ureter, and l umbar lymph nodes 
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lie antelior to the right sympathetic trunk. The left sym

pathetic trunk l ies posterior to the aortic lymph nodes 

and lateral to the aorta. These relationships are of im

portance surgically because lumbar ganglia may need to 

be removed (lumbar sympathectomy) to treat certain ar

terial diseases of the lower extremities (Moore, 1 980). 

\X!hite rami communicantes are associated with the 

upper two or three ganglia. The gray rami are long as 
they course along the sides of the vertebral bodies to 
j oin each lumbar spinal nerve (Fig. 1 0- 1 1). The majority 

of these postganglionic fibers are thought to use the 

femoral nerve, the obturator nerve, and their branches 
to reach the adjoining blood vessels and cutaneous ef

fectors, In a manner similar to the lower thoracic gan

glia, some preganglionic fibers pass through the l umbar 
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FIG. 10-8, coot'd. B, The 

com m on carotid artery has bee n 

reflected laterally to expose the 

vertebral artery. Notice t he re

lationship of the s ympathetic 

trunk to the longus colli anu 

capitis musc les and n ote the 

gray ra mi coursing betwee n the 

two muscles. 

ganglia to form ILlmbar splanchnic nerves. In general, 

each lumbar splanchnic nerve corresponds to its gan
glion of the same number, although the second lumbar 

splanchnic nerve receives additional fibers from the 

. third ganglion, and the third lumbar splanchnic nerve 

also receives a contribution from the fourth ganglion. 
The four splanchnic nenJes course into the abdomen 

and become part of the abdominal plexuses: the first 
splanchnic nerve courses w ithin the celiac, aortic, and 
renal plexuses; the second splanchnic nerve contribu tes 
to the i nferior part of the aortic plexus; the thire! 

splanchnic nerve travels within the superior hypogastric 
plexus (Figs. 1 0-7, C, and 1 0-1 1) ;  the fourth splanchnic 

nerve contributes to the lowest portion of the superior 

hypogastric plexus (Williams et aI . ,  1 989), The lumhar 
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FiG. 10-9 A, Lateral view of the 

superior aspect of the deep region 

of the neck near the base of the 

skull showing the superior cervical 

ganglion. The internal carotid nerve 

(postganglionic fibers) is coursing 

with the internal carotid artery into 

the carotid canal. 
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Longus 
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portion of the sympathetic trunk passes inferiorly, pos

terior to the common iliac vessels, and becomes contin
lIOUS with the pelvic portion of the trunk. 

Pelvic sympatbetic trunk. The pelvic chain consists 

of four or five ganglia that lie on the anterior aspect of 
the sacrum. Each side unites to form the ganglion 

impar on the anterior aspect of the coccyx (Figs. 1 0-7, C, 
and 1 0-1 2).  Postganglionic fibers leave the chain in 

gray rami to enter the sacral spinal nerves and the 

coccygeal nerve. Fibers destined for blood vessels in 
the leg and foot course primarily with the tibial nerve 
to connect subsequently with (and supply) the pop

liteal artery and its branches. Other fibers travel with 
the pudendal and gluteal nerves to the internal pudendal 
a rtery and gluteal arteries. In addition, some fibers from 
the first two ganglia send postganglionic branches into 
the inferior hypogastric p lexus. 

Plexuses of the Autonomic Nervous System. The 

autonomic plexuses that have been previously men

tioned are a network of autonomic fibers (both sympa
thetic and parasympathetic) and ganglia found in the 

thoracic, abdominal, and pelvic cavities. They surround, 
and are usually named after, the large blood vessels with 
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which they travel. The plexuses supply the autonomic 
effectors within the thorax, abdomen, and pelvis. The ef
fectors and their specific innervation are discllssed later 
in this chapter. 

The cardiac, pulmonary, celiac, and hypogastric 
plexuses are the major plexuses (Williams et ai . ,  1 989), 
although secondary plexuses may emanate from each 
one. The cardiac plexus consists of cardiac branches 

from cervical and upper thoracic ganglia mixed with car

diac branches of the vagus nerve (Fig. 1 0-7, B). A con
tinuation of the cardiac plexus forms secondary coro

nary and atrial plexuses. The pulmonary plexus is an ex
tension of fibers of the cardiac pleJl.'l.IS that course with 

the pulmonary arteries to the lungs. Therefore the car
diac and pulmonary plexuses consist of the same sym
pathetic and vagal branches. 

The celiac plexus is the largest autonomic plexus (Fig. 
1 0-7, 0. It is located at the level of the T 1 2  and 11 ver
tebrae and surrounds the celiac artery and the base of 

the superior mesentelic artery. This plexus is a dense fi
brous network that interconnects the paired ceHac gan
glia. Mingling with the celiac plexus and ganglia are the 

greater and lesser splanchnic nerves and also branches 
of the vagus and phrenic nerves (Williams et aI . , 1 989) 
Numerous subsidiary ganglia and fibers extend from the 



Vertebral a. 
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celiac plexus and course along abdominal blood vessels 

to autonomic effectors. Examples of these plexuses in

clude the hepatic, splenic, superior mesenteric (to small 

and large intestines) , renal, inferior mesenteric (to 

lower GI tract) , and aortic (intermesenteric) . The latter 

three plexuses also include lumbar splanchnic nerves. 

Anterior to the bifurcation of the aorta, the superior hy

pogastric plexus (Fig. 10-7, C) is formed by the third and 

fourth lumbar splanchnic nerves and fibers of the aortic 

plexus. As the superior hypogastric plexus descends 

into the pelvic cavity, it divides into left and right hy

pogastric nerves that continue caudally to form the infe

rior hypogastric (pelvic) plexuses (Fig. 1 0-7, C) . Within 

the pelvis, pelvic splanchnic parasympathetic fibers 

join each inferior hypogastric plexus. Extensions of 

the inferior hypogastric plexus, which include the mid

dle rectal and vesical plexuses, continue along the 

branches of the internal iliac artery to innervate auto

nomic effectors of the pelviS. The ANS i nnervation of 
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FIG. 10-9, cont'd. B, The stellate 

ganglion, middle cervical ganglion, 

and the ansa subclavius . The infe

rior thyroid artery has been re

sected. Coursing from the superior 

aspecr of the stellate ganglion is the 

vertebral nerve, which travels with 

the vertebral artery. 

the most clinically important effectors of the pelvis is 

discussed later in this chapter. 

Parasympathetic Division 

The parasympathetic division is generally concerned 

with conserving and restoring energy. It is coordinated 

with the sympathetic division in the dual and antagonis

tic innervation of autonomic effectors (see Table 1 0-1).  

However, there is no parasympathetic innervation of au

tonomic effectors located in the extremities and body 

wall (sweat glands, arrector pili muscles, peripheral 

blood vessels) . Since the sympathetic division has been 

nicknamed the flight-or-fight division, the parasympa

thetic division could appropriately be named the rest

and-digest division. In contrast to the widespread con

trol by the sympathetic system, the parasympathetic di

vision controls effectors at a more local level. This 

relates to the overall pattern of organization of the 



B 

322 NEl lROA NATOwfY OF THE SPINAL CORD, t TONOMIC !'\ERVOllS SYSTEM, A N D  PAl ' PATHWAYS 

Greater 
splanchnic n .  

Thoracic 
gangl ion 

In tercostal 
n. ; posterior 
intercostal a ,  

and  v. 

Inferior 

A 

Vagus n .  

Ram i 
commun icates 

FIG. 1 0- 1 0  A, The thoracic sympathetic trunk B, A closer 

view of the left thoracic sympathetic trunk. Both white and 

gray rami communicantes are shown in relationship to the in-
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tercostal nerve, artery. and vei n .  The greater splanchnic nerve 

(preganglionic fibers) is coursing inferiorly and medially from 

the sympathetic trunk into the abdominal cavity. 
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FIG. 1 0- 1 1  The left lumbar sympathetic trunk. A, Notice the relationship of the sympathetic 

tflUlk with the psoas major muscle and the vertebral bodies and discs. Lumbar splanchnic 

nerves are coursing from the sympathetic tll.Ulk to the superior hypogastric plexus. The 

greater and lesser splanchnic nerves pass through the diaphragm to synapse in the celiac gan

glion and aorticorenal ganglion. The celiac trunk, superior and inferior mesenteric, and renal 

arteries have been resected . The inferior vena cava has also been resected. 

parasympathetic division of the Al'fS. Compared with the 

sympathetic d ivision, the parasympathetic d ivision has a 

lower ratio of preganglionic to postganglionic neurons, 

anc! the location of the parasympathetic ganglia is near, 

or frequently within,  the wall of the effector organ. 

The parasympathetic division is also referred to as the 

craniosacral d ivision. As with the thoracolumbar (sym

pathetic) division , this name refers to the location of the 

cell bodies of pregangl ionic neurons (see Fig. 1 0-2). 

These cell bodies are located in autonomic nuclei of the 

brain stem (cranio) and in the second, third , and fourth 

sacral cord segments (sacral). The parasympathetic ef

ferents of the sacral cord course within the ventral roots 

and subsequently form pelvic splanchnic nerves. These 

nerves do not use the sympathetic trunk. Axons of the 

cell bodies located in the brain stem leave the brain stem 

in the oculomotor, facial, glossopharyngeal, and vagus 

cranial nerves. Although numerous branches of various 

Continued. 

cranial nerves i nclude these parasympathetic efferents, 

only the major branches are described. Since this chap

ter is devoted to autonomic effectors , the somatic func

tions of the fOLlr cranial  nerves are not discussed . 

Cranial Portion of the Parasympathetic Division 
Oculomotor nerve. The oculomotor nenre (CN III) 

emerges from the ventral surface of the midbrain of the 

brain stem (see Chapter 9, Fig. 9- 1 5) .  The origin of the 

autonomic efferents is in  the Edinger-Westphal nucleus, 

which is located in the midbrain ventral to the cerebral 

aqueduct of Sylvius. These preganglionic fibers course 

within the oculomotor nenre to the Ciliary ganglion, 

where they synapse with postganglionic neurons (Fig. 

1 0-1 3) .  This ganglion is less than 2 mm long and conrains 

3000 multipolar neurons (Harati, 1 993). I t  is located in 

the orbit just anterior to the superior orbital fissure. 

Postganglionic fibers course in the short ciliary nenres to 
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n t. 10 1 1 , (out'd. B, The l umbar sympathetic trunk at the level of the L4 and L5 ven:e

brae. The left common i liac artery has been reflected . The psoas major muscle has also been 

reflected.  Notice the long gray rami commu nicantes. In this specimen, a transforaminal l iga

ment spanning the IVF is present. Note the relationship of the 1-5 ventral ramus and gray ra

mils communicans to this l igament. 

the eye and travel between the choroid and sclera of the 
eye wall. Here the fibers innervate the smooth muscle of 
the iris (sphincter pupi llae) and ciliary body (ciliary mus
cle). The sphincter muscle of the iris functions to con

strict the pupil during the pupillary light reflex and dur
i ng the accommodation-convergence reflex. Contraction 

of the ciliary muscle occurs dllling the accommodation
convergence reflex. The result of this contraction is a 
thickening of the lens, which improves near vision .  

Facial nerve. The facial nerve (CN VII) also contains 
preganglionic fibers. The cell bodies of these fibers are 
located in the superior salivatOlY nucleus. This nucleus 
is located in the caudal part of the pons near the facial 
motor nucleus. The fibers emerge from the pon

tomedul l ary junction in the nervus intermedius portion 

of CN VII (see Chapter 9 ,  Fig. 9- 1 5) .  Some of the fibers 
travel in the chorda tympani nerve, which in turn joins 

the lingual branch of the mandibular division of the 
trigeminal nerve (CN V). These preganglionic fibers con
tinue to the submandibular (sublinguaI) gangl ion, where 
they synapse with postgangl ionic neurons (Fig. 1 0- 1 3).  

The postganglionic fibers are secretomotor and course 
to minor salivary glands, as well as to the larger sub

mandibular and sublingual sa!ivalY glands. (It has also 
been reported that stimulation of the chorda tympani 
nerve results in vasodilation in the saliv;uy glands 

[Williams et aI. , 1 989] .) In addition to the preganglionic 
fibers en route to the submandibular ganglion, other se

cretomotor preganglionic fibers from the lacrimal por
tion of the superior salivatory nucleus course in the 
greater petrosal nerve to t he pterygopalatine ganglion 
(Fig. 1 0- 1 3) .  This ganglion is about 3 mm long and con
tains 56, 500 compactly arranged neurons (Harati, 1(93), 
It is located in the pterygopalatine fossa behind and be

low the orbit. Postganglionic fibers exit from here and 

travel in the zygomatic nerve (a branch of the maxillary 
division of t he trigeminal nerve) and terminate in the 

lacrimal gland.  Other secretomotor branches of the 
pterygopalatine ganglion course to the glands and mu
cous membranes of the palate and nasal mucosa. 

GlossophmJ'ngea/ nerve. The glossophalyngeal 
nerve is CN IX. Preganglionic neurons that course in this 
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FI(,. 10- I !  The pelvic sympathetic trunk and ganglia. The left and right trunks join at the level of the coc

cyx to form the g3ngli.on impar. The supelior hypogastric plexus and hypogastric nerves are also present. 

nerve originate in the inferior saliva tory nucleus, which 
is located caudal to the superior saliva tory nucleus. CN 

IX emerges as three to (ive rootlets from the dorso-oli

vary sulclls on the lateral side of the medulla of the brain 
stem (see Ch apter 9 ,  Fig. 9-1 5). The preganglionic fibers 

travel in the lesser petrosal nerve to the otic ganglion, 

where they synapse with postganglionic neurons (Fig. 
10-14,  A) .  The postganglionic fibers are secretomotor, 

and the axons of these neurons travel in the auricu

lotemporal nerve (a branch of the mandibular division of 

the trigeminal nerve) to reach the parotid gland that they 
innervate. Evidence shows that stimulation of the lesser 

petrosal nerve results in vasodilation in the parotid 

gland, as well as serous secretion (Williams et a I., 1 989). 

• • • 

Regarding these three cranial nerves and their ganglia ,  
it i s  of interest to note that sympathetic postganglionic 

fibers coursing to their effectors may pass through (but 

not synapse in) the parasympathetic ganglia. They may 

also travel along with branches of various cranial nerves. 

Parasympathetic fibers may also "hitch a ride" with cra

nial nerves other than III, VII, and IX . 

Vagus nerve. The vagus nerve (CN A) also conveys 

parasympathetic fibers. In fact 75% of the total parasym

pathetic efferents are ca rried by the vagus nerve. This 

nerve is closely related to the gl ossopha ryngeal nerve 
both anatomically and functionally. Just caudal to the 

glossopha ryngeal nerve the vagus nerve emerges as 8 to 

1 0  rootlets from the dorso-olivary sulcus of the medulla 
(see Chapter 9, Fig. 9-1 5). Most preganglionic fihers 

(some of which are extremely long) arise from the dor
sal motor nucleus, which is a column of cell bodies to

cated in the medulla of the hrain stem. (It is also specu

lated that some preganglionic fibers destined for cardiac 

muscle originate in [or very near] the nucleus ambiguus 

[Barr & Kiernan, 1 993; Loewy and Spyer, 1 990; Noback 
et a I . ,  1 99 1 ;  Nolte, 1 993; Williams et aI . , 1 989] ,  which is 
located in the medu lla ventral to the dorsal motor nu

cleus. However, the nucleus ambiguus is involved pri

marily with supplying skeletal muscles via CNs IX, X, 

and Xl.) All the pregangl ionic fibers travel in the vagus 

nerve and its numerous branches (Fig . 1 0- 1 4, B). Some 

mingle witll sympathetic fibers to form the extensive au
tonomic plexuses of the thoracic and abdominal cavities. 

The long preganglionic fibers are destined to synapse in 
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FI(y. 1 0· 1 3  The course of parasympathetic fibers in the ocu

lomotor n erve (red) (cranial  nerve III) and the facial  nerve 

(green) (cranial nerve VU). Oculomotor preganglionic neuron 

cell bodies are found in the m i dbrain in the Edinger-Westphal 

nucleus. Their axons (solid line) synapse with postganglionic 

neurons in the ci l iary ganglion located in the orbit.  

Postganglionic axons (dashed line) travel to the smooth mus

cles of the eye (sphincter pupillae and ci l iary). Facial nerve pre-

small ganglia located within plexuses nea r the effector 

organ or in ganglia within the wall of the organ itself. 

Some of the specific branches that conduct pregan

gl ioniC parasympathetic fibers are the following: in the 

thorax-cardiac , pulmonary,  and esophageal branches 

that join the plexuses of the same name; and in the ab

domen-gastriC and intestinal branches that join in the 

( k5��==::f'7'ii:::n 

Ci l ia ry 
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nucleus 

Trigem inal 
gang l ion 
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ganglionic neuron cell bodies are found in the caudal pons in 

the superior sal ivatory nucleus.  Their axons (solid line) 

synapse with postganglionic neurons in the pterygopalatine 

ganglion and submandibular ganglion. From these gaogJia, 

postganglionic axons (dashed line) trave! to the lacrimal 

gland ,  nasal mucosa l ,  and subl ingu<ll and submaodibul<lr sali

vary glands. 

celiac plexus (and its subsidiary plexuses) en route to 

the stomach, small intestine, ascending colon and most 

of the transverse coJon, accessory glands, and kidneys. 

As can be seen, the vagus nerve has an extensive area 

of distribution. However, note that the vagus nerve does 

not supply autonomic effectors of the head .  These are 

innervated by eNs I ll ,  VII , a nd IX. Although vagal effer-
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FIG. ] o- ] '!  A, Tile course of parasympathetic fibers within the glossopharyngea l  nerve (cra

nial nerve rx) to the parotid gland. Preganglionic neuron cell bodies are fou nd in the inferior 

sal ivatory nucleus in the rostral medulla. Their axons (solid line) synapse with postganglionic 

neurons (dashed line) in the otic gang l ion. 

ents are important, the atlerent fibers conveying sensory 

information in the vagus nerve olltnumber the efferent 

fibers (Williams et a I . ,  1 989) . 

�acral Portion of t he Pan!s) mpathctic Dn ision. 
As can be noted from the previous discllssion, most ef

fectors innervated by parasympathetic fibers are served 

by cranial nerves. The remaining effectors, for example, 

the smooth muscle and glands of the pelvis , not inner

vated by the vagus nerve are innervated by the sacral 

portion of the craniosacral parasympathetic d ivision.  

The origin of these preganglionic fibers is in the sacral 

autonomic nucleus of lamina VII of sacral cord segments 

two, three, ami four (Fig. 1 0- 1 5) .  The pregangl ionic 

fibers exit the cord in the ventral roots of these cord seg

ments ami leave the ventral rami as pelvic splanchnic 

Continued. 

nerves. These fibers course through the hypogastric 

plexuses, which are formed by both parasympathetic 

and sympathetic fibers. They synapse in ganglia within 

those plexuses or in  ganglia within the wall of the effec

tor organ . In general ,  these fibers innervate part of the 

transverse colon, descending colon, sigmoid colon, rec

tum, bladder, and reproductive organs. In audition, 

these parasympathetic fibers convey important sensory 

information (Barr & Kiernan, 1 993; WiUiams et ai . ,  1 989) 
that provides reflex control of normal bladder, colon, 

and sexual organ function. 

Enteric Nervous System 

Extensive research on the enteric nervous system has fi

naUy led most authors to recently consider it to be a 
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FIG. 10- 14, cont'd. B, The course of parasympathetic fibers within the vagus nerve (cranial 

nerve X) to smooth muscle, cardiac muscle, and glands. Preganglionic neuron cell bodies are 

found in the dorsal motor nucleus located in the medulla. Their axons (solid line) synapse 

with postganglionic neurons (dashed line) that are in or very near the wall of innervated tho

racic and abdominal visceral organs. 
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PIG. J I l- 1 5  The parasympathetic fibers originating from the spinal cord. The lumbar verte

bral bodies have been removed to expose the sacral cord segments and cauda equina. The pre

ganglionic neurons originate in the 52-54 cord segments, course within ventral roots of the 

cauda equina, and exit through their corresponding TVFs. They branch from ventral rami of 

52-4 spinal nerves, form pelvic splanchnic nerves, and travel to ganglia (where they synapse) 

near or within the walls of the pelvic viscera. From the ganglia, postganglionic neurons travel 

to the smooth muscle and glands of the pelvic viscera. 
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third d ivision of the ANS, although it was first recog

nized as such by Langley in 1 9 2 1  (Gershon, 1 98 1 ) .  In 

1 899 it was first acknowledged that motil ity of the GI 

system was under autonomous control by an intrinsic 

nervous system, when well-coordinated and purposeful 

motility still occurred independently after severing 

nerves to the GI system (Gershon, 1981) .  Since that t ime 

the concept that an intrinsic group of neurons exists in 

the wal l  of the gut has been ful ly  accepted.  This group 

of neurons extends from the esophagus to the rectum, 

and i t  regulates GI vasomotor tone and motil ity and 

helps to regulate secretion and reabsorption. All of these 

activities are necessary for maintaining homeostasis. 

However, extrinsic postganglionic sympathetic fibers 

from prevertebral ganglia and preganglioniC parasympa

thetic fibers via the vagus and pelvic splanchnic nerves 

provide input into these enteric neurons. This input can 

adjust and regulate and in some emergency situations 

override this intrinsic system (Dodd & Role, 1 991 ; 

Loewy, 1 990a). 

The enteric nervous system is found within the four 

layers of the wall of the GI tract and is considered to con

ta in as many neurons as the spinal cord itself, about 1 00 

million (Barr & Kiernan,  1 993;  Camilleri, 1 993;  Noback, 

Strominger, & Demarest, 1991) ,  The enteric system con

sists of two plexuses of neuron cell bodies and their 

processes (Fig. 1 0- 1 6) .  One of these is the myenteric 

plexus of Auerbach, which is located hetween the inner 

circular and outer longitudinal  smooth muscle Jayers of 

the muscularis externa. This plexus regulates the motil

ity of the GI tract. The second plexus is the submucosal 

plexus of Meissner, which is found in the submucosa of 

the GI  tract. The submucosal p lexus mediates the ep

ithelial functions of secretion and absorption Oanig, 

1 988; Loewy, 1 990a ; Taylor & Bywater, 1 988) . 

Recently it has become apparent that these p lexuses 

are more than just large, extensive parasympathetic gan

glia as previously thought. A closer look at  these areas re

veals that they also receive input from sympathetic post

ganglionic fibers, as well as preganglionic parasympa

thetic fibers (Fig. 1 0- 1 7), In add i tion ,  they consist of cell 

populations different from, and more complex than,  

other autonomic ganglia, Each plexus contains clusters 

of neurons that are interconnected , and each cluster 

is made up of a heterogeneous population of neurons 

(Barr & Kiernan ,  1 993;  Camilleri, 1 993;  Loewy, 1 990a). 
Generally, three types of neurons, which form complex 
circuits, have been classified.  These are motor neurons, 
i nterneurons, and sensory neurons (Fig. 1 0- 1 7) .  The mo

tor neurons provide the innervation to the smooth mus

c le ,  vasculature, and secretory cel ls and receive input 

from sensory neurons and interneurons.  The interneu

rons aid in forming the circuitry necessary for process

ing sensory input. They then project to the motor neu

rons .  The sensory neurons have dendri tes that project 

into the mucosal layer (near the lumen). This allows 

them to act as mechanoreceptors (in response to 

stretch) , thermoreceptors, and chemoreceptors (e.g . ,  

detecting pH and glucose concentration) (Camilleri, 

1 993;  Dodd & Role, 1 99 1 ;  Janig, 1 988), The axonal 

process of the sensory neuron synapses with interneu

rons and motor neurons. 

The sensory neurons also appear to have a broader 

function that involves the sympathetic system. These 

neurons are involved with reflexes mediated by post

ganglionic sympathetic fibers. Postgangl ionic sympa

thetic neurons project to numerous effectors in the GI 

system, including b lood vessels, the smooth muscle of 
the sphincters, the myenteriC plexus (concerning motil

ity), the submucosal plexus (regulating secretion and ab

sorption), and even the organized lymphatic tissue of 

the GI wa ll Oanig, 1 988) . The axons of the sensory (en

teric) afferent neurons project from the myenteric 

plexus to sympathetic prevertebral ganglia (Fig. 10- 1 7) .  

From here, postganglionic sympathetic fibers course 

back to the myenteric p lexus, resulting in reflex sympa

thetic inhibition on regions of the GI wall .  Numerous 

data support this intestino-intestinal reflex, and it  is 

likely that similar reflexes exist to control other areas of 

the gut, including the stomach and colon Oanig, 1988) . 

The functional relationship betvveen the sensol), affer

ent fibers and the sympathetic system becomes some

what more complex when it is noted that sympathetic 

prevertebral ganglia receive additional input from the 

CNS via preganglionic sympathetic fibers (splanchnic 

nerves) and from collateral branches of visceral afferent 

fibers that are conveying information to the spinal cord 

(Fig. 1 0- 17) . Therefore the sympathetic ganglia may 

serve a variety of functions related to GI activity. 

Sympathetic fibers controlling the vasculature may use 

these ganglia simply as a relay station where pregan

glioniC fibers cause the firing of postganglionic vasomo

tor fibers. However, the ganglia may also serve as an in

tegrative center for collecting CNS input from pregan

glioniC fibers, as well as peripheral input from sensory 

neurons in the GI wall .  Neither of these alone is capable 

of causing the postganglionic neurons to reach their fir

ing threshold . Therefore the continual activity of sensory 

neurons from the gut, in essence, determines the firing 

threshold of the postganglionic neurons. As long as this 

activit)' is at a high enough level, the spatial summation 

of these afferent fibers, together with the input from pre

ganglioniC sympathetic fibers, al lows CNS information to 

reach the effectors. The necessity of summation to allow 

for proper GI function demonstrates the importance of 

sensory input to the p revertebral sympathetic ganglia. 

This input provides a means by which the prevertebral 

gangJia can regulate a nd adjust (modulate) incoming in

formation from the CNS that is destined for the GI tract 

Oanig,  1 988) . 
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FIG. 10- 16 A cross-section tllfough the wall of the gut showing the myenteric plexus (lo

cated between the two layers of smooth muscle) and the submucosal plexlis (located within 

tile submucosa layer) of tile enteric nervolls system. Each p l exus consists of small ganglia that 

are interconnecte d .  

Perhaps of equal importance is the speculation that 

the prevertebral ganglia are involved in the circuitlY that 

protects the GI tract from potential or real injury. GI vis

ceral afferents, the cell bodies of which are located in 

dorsal root ganglia,  have been shown to transmit infor

mation from mechanoreceptors and receptors sensitive 

to molecules such as bradykirtin and hydrogen chloride. 

As they course to the spinal cord ,  these afferent fibers 

send collateral branches into the prevertebral ganglia. 

This input to the prevertebral ganglia and to the spinal 

cord provides the sensoty limb for viscerovisceral ,  vis

cerosympathetic, and viscerosomatic reflexes (discussed 

later in this chapter) ,  as well as for visceral sensation .  

The collateral branches synapsing i n  the ganglia are 

thought to cause a lowering of the firing threshold of the 

postganglionic fibers . This would allow spatial summa

tion of the sensol)' afferent fibers and preganglionic 

fibers to occur more readily, thereby facil itating, for ex

ample, the motor limb of the intestino-intestinal reflex 

(/anig, 1 988). 

In summary, the enteric nervous system not only in

dependently controls the GI tract, but also has an im

portant functional relationship with extrinsic auto

nomic fibers .  By modulating the enteric nervous system, 

parasympathetic p reganglionic fibers stimulate gut mo

tility and secretion and a lso relax the GI sphincters. The 
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sympathetic postganglionic fibers not only synapse on 

cells of the enteric plexus, but also presynaptically 

inhibit preganglionic parasympathetic fibers (Barr & 
Kiernan,  1993;  Gershon, 1 98 1) and thus fu nction to in

hibit Gl motil ity and secretion and a lso constrict the 

sphincters. 

INNERVATION OF AUTONOMIC EFFECTORS 

Innervation of Peripheral Effectors 

Cutaneous Effectors. Cutaneous autonomic effec

tors include blood vessels, sweat glands, and arrector 

pili muscles . Unlike most autonomic effectors, these 

are innervated by only the sympathetic d ivision.  Pre

ganglionic fibers originate from cell bodies located in  

the intermediolateral cell column of the  T1 to  L2  or 

L3 cord segments, leave via ventral roots, and after tra

versing the white rami communicantes, synapse in the 

sympathetic chain ganglia. Postganglionic fibers, which 

include vasoconstrictor fibers, sudomotor fibers (to 

sweat glands), anel pilomotor fibers, travel in gray rami 

to join the spinal nerve on its course to i ts dermatomal 

area of supply. (However, the area of skin innervated by 

sympathetic fibers has been found to be wieleI' than the 

dermatomal d istribution of the somatic fibers [Ogawa & 
Low, 1 993] .)  More specifically, superior and middle cer

vical ganglia send postganglionic fibers to the head and 

neck; the stellate (cervicothoracic) ganglion (in con

junction with a small contribution from the middle gan

glion) supplies the upper extremities; thoracic ganglia 

supply the trunk; and lower lumbar and upper sacral 

ganglia furnish postganglioniC fibers for the skin of the 

lower extremities (fanig, 1 990; Wi lliams et a I . ,  1 989) . 

Because sympathetic efferents i lU1ervate cutaneous ef

fectors covering the entire body, nearly all  spinal nerves 

are likely to contain postganglionic sympathetic fibers .  

The sympathetic innervation of these cutaneous effec

tors is controlled primarily by the hypothalamus, and 

stimulation of these effectors is important for ther

moregulation. 

Blood Vessels Supplying Skeletal Muscles. During 

muscle activity, vasodilation (and subsequent increased 

blood tlow) is primarily a resu lt of local muscle tissue ef

fects, for example, decreased oxygen in the contracting 

muscle and release of vasodilator substances. However, 

sympathetic fibers a lso innervate these blood vessels and 

cause vasoconstriction (in some lower animals, sympa

thetic vasodilator fibers also exist) (Guyton,  1 99 1 ) .  The 

adrenal medulla (innervated by preganglionic sympa

thetic fibers) is also involved in the regulation of blood 

flow to skeletal muscles by causing vasoconstriction (via 

the neurotransmitter norepinephrine, which binds to 

vasoconstrictor alpha receptors) and some vasodilation 
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(via the neurotransmitter epinephrine, which binds to 

vasodilator beta receptors) (Guyton,  1991) .  

The origin of preganglionic neurons for the  upper ex

tremity blooel vessels is the intermediolateral cell col

umn of the T2 to T6 or T7 (primarily T2 anel T3) cord 

segments. The axons enter the sympathetic chain gan

glia through white rami communicantes and synapse 

predominantly in the stellate (cervicothoracic) ganglion 

(Williams et a I . ,  1 989) . PostganglioniC fibers leave the 

ganglion within gray rami to join spinal nerves and , sub

sequently, ventral rami destined to form the brachial 

plexus. The C8 and T l  ventral rami receive the greatest 

contribution of fibers, and therefore the lower trunk of 

the brachial p lexus conveys most of the peripheral sym

pathetic efferents. The lower trunk provides fibers to nu

merous terminal branches of the brachial plexus, in

cluding the median, ulnar, and raelial nerves. As the post

ganglioniC neurons travel with these nerves, they supply 

branches to the accompanying brachial ,  ulnar, and rad ia l  

arteries, respectively (Will iams et aI . , 1 989) . The lower 

extremity muscular arteries are supplied by sympathetic 

fibers originating in the T I O  to L2 or L3 cord segments. 

These preganglionic fibers enter the sympathetic chain 

and synapse in the lumbar and sacra l gangLia .  Post

ganglioniC neurons traverse the gray rami,  join spinal 

nerves, and then enter ventral rami  of the lumbosacral 

plexus. Some postganglionic efferents course with tile 

femoral nerve to supply muscular branches of the 

femoral artery, whereas others travel with the tibial 

nerve to innervate the tibial vascular tree (Williams et a I . ,  

1 989) . 

Surgical denervation of the peripheral vascula ture can 

be accomplished by cutting the sympathetic chain or re

moving sympathetic ganglia (sympathectomy) or by cut

ting preganglionic fibers at the appropriate location 

(Williams et a I . ,  1 989). This provides a treatment for re

lief of vasomotor spasms that occur in such d isorders 

as Raynaud's disease and i ntermittent claudication.  

Sympathectomy has also been performed to influence 

vasomotor tone in hypertensive patients. 

Innervation of the Heart and Lungs 

Sympathetic Innervation. As with most autonomic 

effectors, the heart and lungs are innervated by both the 

sympathetic and parasympathetic divisions of the ANS. 

Sympathetic preganglionic neurons to both the heart 

and the lungs originate in the T1 to T4 or T5 cord seg

ments, enter the sympathetic chain, and synapse. The 

preganglionic sympathetic fibers associated with the in

nervation of the heart synapse in the thoracic ganglia 

that correspond to the spinal corel segments of origin.  

Many also ascend to synapse in aLI three cervical gan

glia.  PostganglioniC fibers leave the ganglia as cardiac 
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branches (nerves), which form part of the cardiac 

plexus (Fig. 1 0-7, B). Sympathetic innervation of the 

heart results in cardiac acceleration and increased force 

of ventricular contraction. Coronary blood flow is pri

marily controlled by autoregulation of the coronary ar

teries in response to increased and decreased cardiac ac

tivity and subsequent metabolic needs of the muscle tis

sue. However, the coronary arteries are well innervated 

by sympathetic fibers and , although of minor i mpor

tance fu nctionally, these fibers on stimulation cause ei

ther vasoconstriction or vasod ilation depending on 

which receptor (alpha or beta, respectively) is activated 

(Guyton, 1 99 1 ). Atlerent information from the heart 

travels in all cardiac branches except the branch associ

ated with the superior cervical ganglion (Williams et a! . , 

1 989). 

Postganglionic sympathetic fibers to the lungs origi

nate from the T2 to T5 sympathetic chain ganglia and 

pass through the cardiac plexus. However, they con

tinue into this plexus and course along the pulmonary 

arteries to form the p ulmonary plexus. These postgan

glioniC efferents provide bronchodilation and vasocon

striction to the lungs. 

Parasympathetic Innervation. Parasympathetic in

nenration to the heart and lungs is provided by the va

gus nerve (CN X). Cardiac pregangliortic fi bers origi

nate in the brain stem medulla . Although most para

sympathetic visceral efferents originate in the dorsal 

motor nucleus, there is controversy as to whether effer

ents to the heart originate solely in the dorsal motor 

nucleus or " in "  (BaiT & Kiernan, 1 993;  Nolte, 1993; 

Williams et aI . ,  1 989) or " in the region of' (Loewy & 
Spyer, 1 990; Noback et a I . ,  1 99 1 )  the nucleus ambiguus.  

Regardless of origin, the preganglionic fi bers descend 

within the vagus nenre into the thoracic cavity as car

diac branches and become part of the cardiac plexus 

(Fig. 1 0-7, B) . They synapse in small cardiac ganglia 

located in the cardiac plexus and in the walls of the 

a tria. Postganglionic parasympathetic fibers cause a de

crease in ventricular contraction and cardiac decelera

tion. AJthough autoregulation of coronary a rteries is the 

primary mechanism of controlling coronary blood flow, 

a few parasympathetic fibers innervate these arteries 

and, on stimulation, result in a slight vasodilation 

(Guyton , 1 9 9 1 ) .  

Vagal preganglionic fibers that innervate the lung aid 

the sympatlletics in forming the pulmonary plexus. The 

preganglionic parasympathetic fibers synapse in small 

ganglia adjacent to the lung hilum. Postganglionic fibers 

continue into the lung to stimulate bronchoconstriction, 

vasod ilation, ancl glandular secretion (Wi lliams et a I . ,  

1 989) . These actions help t o  maintain the integrity o f  the 

epithelial lining of the bronchial tree. 

Innervation to the Head 

In general preganglionic sympathetic celJ bodies for the 

head (and neck) are located in the T 1 to T3 (and some in 

T4 and T5) spinal cord segments. These fibers enter the 

sympathetic chain and ascend to the superior cervical 

ganglion, where they synapse. PostgangliOniC fibers 

leave the ganglion and travel with branches of the 

carotid arteries to gain access to autonomic effectors in 

the head (Fig. 1 0-7, A). These fibers are vasomotor and 

secretomotor to sweat glands of the face. One large 

branch (the internal carotid nerve) leaving the ganglion 

branches to form the internal carotid plexus, which trav

els on the internal carotid artery into the cranial caVity. 

Some fibers (vasoconstrictors) of the pleX1.lS continue to 

the cerebral arteries, where they meet additional sympa

thetic fibers of the vertebral plexus. Other fibers leave 

the artery and travel to their destination by " hitching a 

ride "  on cranial nerves in the region . While sympathetic 

efferents employ arterial transportation , parasympa

thetic fibers to the head emerge from the brain stem as 

a part of the oculomotor, faCial , and glossopharyngeal 

nerves. These nerves innervate glandular tissue and 

smooth muscle. 

Althougl1 there is dual  innervation to the lacrimal, 

mucosal ,  and salivary glands, the secretomotor fibers are 

parasympathetic (sympathetic fibers produce vasocon

striction). Parasympathetic fi bers that innervate the 

lacrimal gland , nasal and palate mucosal glands. and ma

jor salivary glands (sublingual and submandi bular) travel 

with the facial nerve. Preganglionic neurons originate in 

the superior salivatory nucleus located in the brain stem . 

Those en route to the lacrimal and mucosal glands 

synapse in the p terygopalatine ganglion, and those des

tined for the salivary glands synapse in the submandibu

lar ganglion. Parasympathetic efferents innervating the 

parotid salivary gland course in the glossopharyngeal 

crartial nerve. These preganglionic fibers originate in the 

inferior saliva tory nucleus of the brain stem and course 

to the otic ganglion. After synapsing, the postgangl ionic 

secretomotor fibers travel to the parotid gland (Figs. 

1 0- 1 3  and 1 0- 1 4, A).  
The ANS is also intimately invol ved with the innerva

tion of effectors located in the region of the orbit .  Tbese 

include the smooth muscle (Mii Uer's) of tbe eyelids, 

blood vessels of the eye. and the smooth muscle of the 

iris and cil iary body. This irulervation is responSible for 

some of the functions that can be assessed d uring a neu

rologic examination. Regulation of blood flow to the eye 

is extremely important in maintaining an adequate nutri

ent supply to the retina. Retinal arterioles are au toregu

lated , but chorOidal arterioles are autonomically inner

vated.  Sympathetic activation causes vasoconstriction, 

whereas parasympathetic stimulation, via the faCial 

nerve, is vasodilato1)! (Loewy, 1 990b) . 



The upper eyelid contains skeletal muscle (levator 

palpebrae superioris), which is innervated by somatic ef

ferents of the oculomotor nerve. It (and the lower eyelid 

to a lesser extent) also contains smooth muscle fibers 

(MlIller's) (Williams et aI . ,  1 989). The smooth muscle is 

innervated by sympathetic fibers. Since ptosis (droop

ing) of the upper eyelid is an important ind icator of dam

age to the sympathetic nervous system, knowledge of 

the two innervations is necessary for diJferentiating a le

sion involving the oculomotor nerve from a lesion of the 

sympathetic system. 

Other smooth muscle fibers in this region are the in

trinsic muscles of the eye , that is,  the sphincter and dila

tor pupillae muscles of the iris and the Ciliary muscle of 

the cilia!), body. The iris acts as a diaphragm and regu

lates the amount of light entering the eye . The di lator 

muscle is innervated by sympathetic postganglionic ef

ferents that have left the internal carotid plexus to travel 

with the ophthalmic fibers of the trigeminal nerve. The 

parasympathetic innenTation supplies the sphincter mus

cle fibers and is the motor arc of the pupilla!)' light re

flex. The origin of the parasympathetic preganglionic 

fibers is the Edinger-Westphal nucleus of the midbrain .  

The fibers emerge from the brain stem in the superficial 

aspect of the oculomotor nerve and travel to the ciliary 

ganglion located in the orbit (Fig. 1 0- 1 3). After synaps

ing, postganglionic fibers innervate the sphincter muscle 

fibers of the iris. When these fibers are activated to cause 

pupilla!)' constriction, there is an accompanying inhibi

tion of the innervation to the di lator muscle (Loewy, 

1 990b). During alert but resting periods, a constant sym

pathetic tone is sustained through hypothalamic input, 

and at  the same time, parasympathetic fibers are i nhib

ited (Cross, 1 993b). 

An add itional smooth muscle, the ciliary muscle, is 

also involved in the normal function of the eye . This 

muscle controls the tension of the suspensory ligaments 

attached to the lens. Parasympathetic and some sympa

thetic fibers innervate the Ciliary muscle. However, con

trolling the regulation of the curvature and thus the re

fractive power of the lens via this muscle is essentially a 

parasympathetic function. This innervation allows fo

cusing to occur wIlen an object is close to the eye (ac

commodation). Of the total number of preganglionic 

fibers leaving the Edinger-Westphal nucleus, 94% travel 

to the cil iary muscle, whereas the remaining fibers sup

ply the iris (Cross, 1 993b) .  The accommodation-conver

gence reflex is necessary during near vision to correct 

for an unfocused image on the fovea (region of the retina 

associated with the most acute vision). The reflex re

sponse (mediated by CN 1 II) results in an increase in lens 

curvature, pupillal)' constriction, anc! convergence of 

the eyes. 

Knowledge of the innervation of the eye is important 

because pathologic conditions affecting the autonomic 
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innervation can occur and because these eye functions 

can be tested in a neurologic examination. Pathologic 

conditions caused by d ismption of parasympathetic 

fibers include the Argyll-Robertson pupil  (associated 

with neurosyphilis), internal ophthalmoplegia, l ight-near 

dissociation, and Adie's pupil (Cross, 1 993a). An exam

ple of a condition attributed to a lesion in the sympa

thetic system is Horner's syndrome (see the previous dis

cussion). 

Innervation of the Bladder 

The bladder functions to store and evacuate urine. 

Control of bladder function occurs by a complex inte

gration and coordination of bladder afferent fibers , 

sympathetic and parasympathetic efferent fibers, so

matic efferent fibers (Fig. 1 0- 1 8) ,  pontine micturition 

centers, and hypothalamic and cortical areas (Abdel

Azim, Su Ll ivan, & Yalla, 1 99 1 ;  Brad ley, 1 993;  Carpenter 

& Sutin, 1 983 ;  de Groat & Steers, 1 990). Sympathetic 
preganglioniC neurons originate in cord segments TI l or 

T 1 2  through L2 and synapse i n  corresponding ganglia 

a nd in small ganglia in the superior and inferior hy

pogastric p lexuses. Postganglionic fibers course in the 

vesical plexus (anterior fibers of the inferior hypogastric 

plexus) to the bladder. Since the majority of these fibers 

a re vasomotor (a few inhibit the smooth muscle [detru

sor] of the bladder waU), it is speculated that sympa

thetic efferents have no essential role in micturition. 

Other sympathetic fibers richly supply (especial ly in the 

male) and stimulate the nonstriated muscle in  the neck 

of the bladder (sphincter vesicae). Although this inner

vation may serve a minor function in maintaining urinal), 

continence, its major role is to contract these muscle 

fibers during ejaculation (Carpenter & Sutin , 1 983 ;  Snell, 

1 992;  Williams et a I . ,  1 989). 

The more important autonomic efferent supply to the 

detmsor muscle of the bladder is the parasympathetic in

nenTation. The parasympathetic fibers originate in S2 to 

S4, pass into the cauda equina, emerge from the 52 to S4 

pelvic (ventral) sacral foramina, and form pelvic splanch

nic nerves (Figs. 1 0- 1 5  and 1 0- 1 8). These nerves travel 

within the inferior hypogastric plexus and continue d is

tally into the vesical plexus. These preganglionic fibers 

synapse with postganglionic neurons located in ganglia 

within the vesical p le»'llS or within the bladder wal l .  The 

postganglionic fibers provide excitatory innervation to 

the detrusor muscle. (A few fibers supply and inhibit the 

nonstriated sphincter veSicae.) 

Another important muscle involved with normal blad

der function is the striated (voluntary) urethral sphincter 

muscle. The somatic motor neurons that innervate this 

muscle originate in Onut's nucleus, which is located in 

the ventral horn of 52 to 54. These neurons course 

through the S2-4 ventral roots, spinal nerves, ventral 
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rami, and travel in the pudendal nerve to reach the skele

tal muscle fibers of the sphincter. 

Sensory input is also important for micturition to oc

cur. Afferents course in the pudendal nerves, sympa

thetic nerves, and parasympathetic nerves. The most im

portant afferent fibers are the group A-delta and C fibers 

that convey information from stretch receptors in the 

bladder. As they approach the spinal cord , they travel in 

the pelvic splanchnic nerves and enter the sacral cord 

segments. This input is necessal)' to initiate the voiding 

response. To achieve efficient emptying, detrusor mus

cle contraction must be coordinated with relaxation of 

the stdated external urethral sphincter muscle .  Sensory 

information from the bladder ascends to higher centers, 

including the micturition centers of the pons. This cen

ter is also modulated by the cerebral cortex (frontal 

lobe) and diencephalic (primarily the hypothalamus) 

structures, which may also pro ject directly to the spinal 

cord (Bradley, 1 993;  de Groat & Steers, 1 990). These 

connections between the spinal cord and brain stem 

form a spinobuJbospinal retlex , which is instrumental 

for sustaining detrusor muscle contraction and relaxing 

the striated sphincter d uring micturition.  Additional de

scending cortical input allows for voluntary control of 

voiding and allows o ne to start and stop m icturition on 

demand. Spinal cord lesions may disrupt the spinobul

bospinal reflex, but spinal cord neurons can reorganize 

to allow group C afferent fibers to initiate a spinal reflex 

that produces an automatic reflex bladder (de Groat e t  

aI . ,  1 990). This type of reflex results i n  voiding when

ever the bladder is ful l .  

Innervation of Sexual Organs 

The i nnervation of sexual organs, which is Simi lar to that 

of the bladder, consists of sympathetic, parasympa

thetic, and somatic fibers (de Groat & Steers, 1 990; 

Sefid, Oates, & Krane, 1 99 1 ;  Stewart, 1 993), This sec

tion is primarily concerned with the innervation of m a le 

sexual organs, although innervation to homologous fe

male organs is somewhat similar .  

The sympathetic preganglionic fibers take origin from 

approximately the Tl O to L2 cord segments (Fig. 1 0- 19). 

The route of these fibers varies. Some preganglionic 

fibers synapse with postganglionic neurons in the sym

pathetic chain. The axons of these postganglioniC neu

rons enter into the hypogastric nerves and continue into 

the inferior hypogastric (pelvic) plexus. Other pregan

glionic fi bers travel in tbe superior hypogastric plexus 

and synapse in ganglia scattered in the inferior hypogas

tric plexus (Sefiel et a I . ,  1 99 1 ) .  In both cases the post

ganglionic fibers coursing within the inferior hypogas

tric plexus continue d istally into the prostatic plexus 

(Williams et aI . ,  1 989). These fibers then leave the 

plexus as the cavernous nerve and innervate erectile tis-
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sue of the penis and smooth muscle in the seminal vesi

cles, prostate gland, vas deferens, and the nonstriated 

sphincter in the bladder neck.  Parasympa thetic pregan

glionic fi bers originate from S2 to S4 and course in 

the pelvic splanclmic nerves (Fig. 1 0- 1 9) .  The pelvic 

splanchnic nerves synapse in ganglia in the inferior hy

pogastriC (pelvic) plexus. Postgangl ionic fibers, in con

j unction with postganglion ic sympathetic fibers, con

tinue to (and are the primary innervation ot) erectile 

tissue, as well as gland u lar tissue in the seminal vesicles, 

prostate, and urethra . 

The somatic nervous system is also involved with sex

ual function. The pudendal nerve contains sensory fibers 

that course from the peniS to sacral cord segments. It 

also contains motor fibers that travel from the spinal 

cord to the bulbocavernosus and ischiocavernosus skele

tal muscles. The motor neurons originate in Onuf's nu

cleus, which is located in the ventral horn of the 52 to s4 

cord segments. The erection phase of sexual function 

can be in itiated by stimuli such as visual, auditOl)" imag

inative, and tactile. Evidence from spinal cord - injured 

patients indicate that there are two types of erection re

flexes: psychogenic and reflexogenic. in healthy individ

uals, both types of reflexes probably act synergistically. 

Reflexogenic erections are sacral spinal re.flexes consist

ing of afferent fibers in the pudendal nerve activating 

sacral parasympathetic efferent fibers (a small num ber of 

afferent fibers ascend in the dorsal columns to h igher 

centers). Psychogenic erections begin in supraspinal 

centers, including the limbic system and the hypothala

mus. The hypothalamus has been impl icated as the inte

gration center for the erection response (de Groat & 
S teers, 1 990; Stewart, 1 993). 

Fibers from these supraspinal centers descend 

through the brain stem and the lateral white column (fu

niculus) of the spinal cord to synapse on lower thoracic 

and lumbar preganglioniC sympathetiC neurons and the 

sacral preganglioniC parasym pathetic neurons. Tile para

sympathetic fibers initiate the erectil e response by «( US

ing dilation of the arteries within the erectile tissue. 

However, the sympathetic fibers contri bu te to this retlex 

because they can also in itiate a psychogenic erection 

(possibly through the use of different neurotransmitters) 

when the parasympathetic preganglioniC neurons are le

sioned (de Groat & Steers, 1 990; Seftel et a l . ,  1 99 1 ) .  

Emission and ejaculation are also a paft o f  sexual func

tion. Cortical modulation occurs, but the mechani.sm is 

complex and u nclear. Emission is sympa thetical ly con

trolled by neurons originating in the Tl 0 to L2 or L:3 cord 

segments (see previous d iscussion for the route of these 

sympathetiC preganglioniC and postganglionic fibtTs). 

This event includes the smooth muscle contraction of 

the vas deferens, seminal vesicles, prostate gland , :lnd 

nonstriated sphincter vesicae (to preven t  retlux ( )f se

men into the bladder during ejaculation) resulting in the 
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deposition of semen into the prostatic urethra. The 
process of ejaculation consists of propelling the semen 

from the prostatic urethra through the membranous and 
penile parts of the urethra and out the urethral ori.fice. 

During this evem the bulbocavernosus and ischiocaver

nosus skeletal muscles, which are innervated by the pu

dendal nerve, contract. The coordination of emission 

and ejaculation probably occurs by the integration of 

sensory afferent fibers, descending supraspinal input, 

and motor efferents in an ejaculation center located in 
the T1 2 to 1.2 cord segments (Sette I et aI. ,  1 99 1 ) .  

VISCERAL AFFERENTS 

General Considerations 

Although the ANS is considered by some to consist pri

marily of an efferent limb, visceral afferent fibers have 

an important relationship with the efferent fibers. 
Visceral afferent fibers, which have been known to ac
company autonomic efferents since 1 894 (Cervero & 
Foreman, 1990), function to provide information regard

ing changes in the body's internal environment. This in
put becomes integrated in the CNS and may participate 

in reflexes via autonomic and somatic efferents. These 

reflexes, such as the regulation of blood pressure and 

the chemical composition of the blood , aid the ANS in 

the control of homeostasis. However, visceral afferent 

fibers also mediate some conscious feelings, such as the 

visceral sensations of hunger, nausea, and distention. 

Although receptors of visceral afferent fibers do not re
spond to stim uli such as cutting or burning (as cuta

neous receptors do) , a pathologic condition or excessive 
distention produces visceral nociception. The continual 

barrage of impulses via visceral afferent fibers on the 

CNS is the probable cause of an individual's  feeling of 

well-being or of discomfort. 

Visceral afferent fibers convey i nformation from pe

ripheral receptors called interoceptors. These endings, 

which may be encapsulated or free nerve endings, are of 
variable shapes, such as knobs, loops, or rings (Williams 
et a I . ,  1 989). They are found in the walls of the viscera, 
glands, blood vessels , epithelium, mesentery, and serosa . 

Some are described as mechanoreceptors and include 

numerous pacinian corpuscles. These are located in the 

abdominal mesenteries. Other mechanoreceptors are 

found in the serosal covering of the viscera and also in 
the blood vessels, and they may be stimulated by move

ment or distention. Still others, found in smooth muscle 

such as that of the bladder, monitor both contraction 

and distention (Willis & Coggeshall ,  1 99 1 ) .  Nociceptors 

of two types have been located in the heart and GI tract. 

Both respond to mechanical, thermal, and chemical stim

uli. One group is comparable to the cutaneous A-delta 

fiber type, whereas the other group is similar to the cu
taneO llS C-fiber type (\'V'illis & Coggeshall, 199 1 ). In ad-
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dition, chemoreceptors and baroreceptors are special in
teroceptors that are located speclficaUy in the aortic 

arch and the bifurcation of the left and right common 
carotid arteries. 

The visceral afferent fibers are similar to somatic af

ferent fibers in that just one neuron extends from the re

ceptor into the eNS. The visceral afferent fibers are 

found in both the sympathetic and the parasympathetic 

divisions (the enteric nervous system afferent fibers have 
already been discussed) and travel with the autonomic 
efferents. The vast majority are unmyelinated, with the 
exception of those from the pacinian corpuscles located 

in the mesentery (see previous discussion). The cell bod

ies of visceral afferent fibers that travel with parasympa

thetic efferents in the glossopharyngeal (eN IX) and va

gus (eN X) nerves are located in the inferior (petrosal) 

ganglion of CN IX and the inferior (nodose) ganglion of 

eN X .  The dorsal root ganglia of the second, third , ancl 

fourth sacral roots hOllse visceral afferent cell bodies of 

fibers that travel with pelvic parasympathetic efferents. 
Cell bodies of afferent fibers aSSOCiated with sympathetic 

fibers are located in the dorsal root ganglia of the 

thoracic and upper lumbar dorsal roots. These fibers 
course from the periphery along with sympathetic effer

ent fibers, pass through the prevertebral ganglia withollt 

synapsing, and enter the sympathetic tmnk (Fig. 1 0-20). 

Then they pass through the white rami communicantes 

into the dorsal root and terminate in the cord segment 

from which the accompanying preganglionic fibers orig

inate. 
Electron microscopic and retrograde tracing methods 

show that in comparison to the innervation of the skin, 

a low density of fibers innervates the viscera. Feline stud

ies demonstrate that approximately 1 6,000 sympathetic 
afferent fibers exist, and 6000 to 7000 of these are found 

in the greater splanchnic nerves (Cervero & Foreman, 
1 990). However, the total number of afferent fibers rep

resents less than 20% of all sympathetic fibers and ap

proximately 2% of the fibers located in dorsal roots of 
thoracic and lumber spinal nerves. When the parasym

pathetic afferent fibers are enumerated, an obvious dis

parity is noticed. Feline visceral afferent fibers in the 

vagus nerve number about 40,000 and pelvic afferent 
fibers about 7500. Of the total number of fibers in the va

gus, 80% are afferent. In the pelvic nerves 50% of the 

fibers are afferent (Cervero & Foreman, 1 990). The spe

cific functional differences between the afferent fibers 

associated with the sympathetic division and those asso

ciated with the parasympathetic division are not clear. 
The parasympathetic division a.fferent fibers are gcncT
ally thought to transmit input concerning activity of 

the viscera, such as GI motility and secretion. By moni

toring the activity, these afferent fibers are able to medi

ate reflexes necessary for the proper regulation or vis· 
ceral function. The sympathetic division afferent fibers 
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FIG. 10-20 The parhway of visceral afferenr informarion inro rhe spinal cord is shown using 

rhe stomach as an exa mple. (Afferenr fibers tilar travel in the vagus nerve and convey visceral 

information are not shown .) Note how the afferent fiber (green) travels with the sympatheric 

elferenr fiber (Vellow) but does not synapse in the preverrebral ganglion .  Instead, the afferelH 

fiber synapses in the dorsal horn and has the capability of influencing numerous neurons in

cluding preganglionic efferenrs, somatic efferents (blue) , or tract neurons (black). In the case 

of visceral pain, the same tract neurons are also receiving inplJr from cutaneOllS sources (jJur
pIe Jiber) rhus p roviding a mechanism for pain referral .  

appear to b e  concerned with sensations arising from the 

viscera, especially the sensation of pain (Cervero & 
Foreman, 1 990). 

• Thoracic structures 

Heart 

Walls of large vessels 

White ramus 
communicans 

Afferent Fibers Associated with the 
Parasympathetic Division 

Mucosa and smooth muscle of the bronchial tree 

of the lung 

Afferent tibers coursing in tl1e vagus nerve relay input 

from m a ny sources (\'Vill iams et aI. ,  1989). A partial l ist  

incl udes the following: 

• Wa lls of the phalyrL'( 

Connective tissue adjacent to the alveol.i of the 

lung 

• Abdominal stnlctures 

Stomach a nd intestinal wa l ls 

Digestive glands 

Kidneys 



The glossopharyngeal nerve conveys visceral afferent in

formation from the posterior region of the tongue, up

per pharynx, tonsils, and the carotid sinus and carotid 

body. 

The cell bodies of afferent fibers for both the vagus 

and the glossopharyngeal nerves are located in their re

spective inferior ganglia. These ganglia are located adja

cent to the j ugular foramen of the skull. The afferent 

fibers of both CNs IX and X synapse in the nucleus of the 

tractus solitarius, which is located in the med u l la oblon

gata of the .brain stem. From here, axons project to .nu

merous areas in the central autonomic network of the 

brain stem and diencephalon (see Control of Autonomic 

Efferents and Fig. 10-23) and the cerebral cortex. The 

projections to the cerebral cortex travel by way of the 

thalamus. These cerebral projections al low for con

scious awareness of sensations, such as hunger. When 

appropriate, reflexes may a lso be elicited . Examples in

clude the swallowing, cough, cardiovascular, and respi

ratory reflexes. 

Visceral afferent fibers from the pelvic viscera and dis

tal colon enter the spinal cord via pelvic splanchnics. 

These fibers monitor stretch in the hollow viscera and 

pOSSibly mediate nociception originating in the blad

der and colon (Carpenter & Sutin, 1 983;  Cervero & 
Foreman, 1 990). 

Afferent Fibers Associated with the 
Sympathetic Division 

As mentioned previously, input conveyed through sym

pathetic afferent fibers is concerned with visceral sensa

tion, especially visceral nociception. The sensations that 

reach consciousness are poorly localized and, in the case 

of pa in, may be referred . The cell bodies of these fibers 

are located in the dorsal root ganglia of the thoracic and 

upper lumbar dorsal roots. These visceral afferent fibers 

travel from the peripheral receptors in the cardiac, pul

monary, and splanchnic nerves and continue through 

the sympathetic trunk, white rami communicantes, dor

sal roots, and finally terminate in the spinal cord . 

Central Projections and the Referral of 
Pain 

Visceral afferent fibers entering the spinal cord may ini

tiate reflex responses or synapse on tract neurons. I t  has 

been shown through neuron tracing techniques that vis

ceral afferent fibers synapse in numerous laminae, in

cluding I, V, VII, VIII ,  and X (Cervero & Foreman, 1 990; 

Willis & Coggeshall ,  1 991) .  Limited information indi

cates that some large myelinated afferent fibers ascend 

in the dorsal column (Willis & Coggeshal l ,  1991) .  The 

more numerous unmyelinated fibers, such as those trans

mitting visceral nociception, enter the dorsolateral tract 
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of Lissauer. They inlmediately enter the dorsal horn as 

well as send collaterals up and down a few segments 

within Lissauer's tract before they also enter the dorsal 

horn. These fibers synapse in laminae I ami V on tract 

neurons that form the spinothalamic tract and also in 

laminae VlI and VIl l  on the spinoreticular tract neurons 

(Cervero & Foreman, 1 990). The spinoreticular tract 

projects to the reticular formation of the brain stem, 

which in tmn projects to the intralaminar thalamic nu

cleus. From here ,  fibers travel to the cerebral cortex and 

into the limbic system. The spinothalamic tract synapses 

in the ventral posterior and intra laminar thalamic nuclei,  

which project to the cerebral cortex. As tile tract passes 

through the brain stem, it sends col lateral fibers into the 

brain stem reticular formation (see Ascending Tracts in 

Chapter 9). Through the interconnections and termina

tions of these two tracts, higher centers are activated . 

This a l lows for a conscious perception of the nocicep

tion as pain and also allows the individual to respond to 

the pain. The spinotha lamic tract helps to localize pain, 

although pain from the viscera is localized much less ac

curately than pain of somatic origin. Activating the retic

ular formation permits some localization and a conscious 

attentiveness to the pain. This is mediated not only by 

the reticular formation, but also by its connections with 

the thalamus and widespread areas of cerebral cortex. 

These three areas compose the ascending reticular acti

vating system. Also, the accompanying discomfort and 

unpleasantness produce a particular affective mental 

s tate and subsequent behavioral patterns, which are me

diated through the phylogeneticaUy old limbic system.  

The data that have demonstrated tile termination of 

visceral afferent fibers in the spinal cord gray matter also 

lend credence to the convergence-projection theOlY of 

referred pain (Ruch, 1 946). This theolY maintains that 

referred pain occurs because of the convergence of vis

ceral and somatic afferent fibers on the same pool of 

tract neurons (Fig. 1 0-20) . Since somatic pain is more 

common than visceral pain, the higher centers m isread 

the visceral input as originating from somatic afferent 

fibers. Therefore, pain is referred to the area of skin 

(muscle, bone, etc.) supplied by the somatic afferent 

fibers that have entered the same cord segments as the 

visceral afferent fibers . 

A common example of pain referral occurs after a my

ocardial infarction or episode of angina pectoris. The re

lationship between visceral afferent fibers and the 

spinothalamic tract for pain originating from the heart 

was determined from data obtained from experiments 

on primates. These investigations were designed to 

demonstrate that cardiac ischemia stimulates cardiac af

ferent fibers, which in turn synapse o n  spinothalamic 

tract cells. Bradykinin, a peptide released from ischemic 

cells, was injected into cardiac tissue and resulted in 

stimulation of afferent fibers. By measuring tract neuron 
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discharge rates, it was shown that 1 5  seconds after 

bradykinin injection (the time needed for receptor acti

vation). 75% of the spinothalamic tract cells increased 

their firing rate (Cervero & Foreman. 1 990). These data 

support the theOl)' that visceral afferen t  fibers converge 

on the same tract cells on which somatic afferent fibers 

terminate. The peripheral distribution of these same so

matic afferent fibers becomes the general location of the 

pain referral .  The affe rent fibers subserving nociception 

from the heart course primarily in the middle and infe

rior cardiac nerves (to the middle and inferior cervical 

sympathetic ganglia) anel left thoracic cardiac branches 

(Barr & Kiernan, 1 993) and eventually enter the first five 

thoracic corel segments, Pain is most frequently referred 

superficially to the left side of the chest and left inner 

arm. although this may vary depending on the exact seg

mental origin of the visceral afferent fibers, 

Since pain is the most important clinical visceral 

sensation, knowledge of the spinal cord segments to 

which visceral afferent fibers project (which is the same 

location as the sympathetic preganglionic cell bodies) is 

extremely important. This knowledge allows a clinician 

to more effectively diagnose pathologic conditions oc

CULTing in the viscera (Table 1 0-2). 

Autonomic Reflexes 

Reflexes are common events mediated by the ner

vous system. A reflex can be simply described as an in

vol untary action that occurs fairly qUickly, regulates 

some effector ftmction, and has no d i.rect involvement 

with the cerebral cortex. The components of a reflex arc 

include a peripheral receptor and its afferent fiber , 

which form the sensory limb; an efferent fiber that forms 

the motor limb; and an effector. Depending on whether 

the reflex arc is monosynaptic or polysynaptic, there 

may or m ay not be interneurons connecting the afferent 

anel efferent fibers. Both types of afferents (somatic and 

visceral) and efferents (somatic and visceral) may be in

volved , thus creating four major kinds of reflex arcs . 

These are somatosomatic, viscerosomatic, viscerovis

ceral, and somatovisceral. 

So matosomatic Reflexes. Somatosomatic reflexes 

consbt of somatic afferent fibers that influence somatic 

effectors, that is, skeletal muscle. Chapter 9 discllsses ex

amples of this type of reflex , which included the muscle 

stretch reflex and superficial reflexes (cremasteric and 

abdominal) .  The tlexor (withdrawal) reflex and the 

crossed extensor reflex are also examples of somatoso

matic reflexes. 

V iscerosomatic Reflexes. The existence of polysy

naptic viscerovisceral and viscerosomatic reflexes im

plies that visceral afferent fibers are involved not only 

with the mediation of visceral functions, but also with 

the functions of somatic effectors, that is, skeletal mllS

cles. PhYSiologic activities that exempli.fy viscerosomatic 

reflex responses concern respiratol1' function and GI 

activity. Regulation of respiratory rhythmicity is under 

the control of respiratol)' centers located in the me

dulla. However, in the initiation of expiration, the 

Hering-Breuer reflex may occur. Stretch receptors that 

lie in the bronchi and bronchioles of the lungs increase 

Table 10-2 Origin of Preganglionic Autonomic 

Fibers 

Structure 

Smooth muscle 

and glands of 

the head 

Sympathetic 
(cord segments) 

Tl-T3 (T4 

or T'i) 

Parasympathetic 

(nuclei/cord segmcnts) 

Edinger-Westphal nu

c leus (CN I l l) .  supe

rior salivatOlY (eN 
VII) ,  and i nferior sali

vatOlY nuclei (CN IX) 
Cutaneolls ef- T l -L2 or L3 None 

rectors 

Blood vessels of T2-T6 or T7 None 

upper extrem

ity skeleta l 

muscles 

Blooel vessels  of T l O-L2 or L3 

lower extrem-

iry skeletal 

mllscles 

Heart Tl -T4 or T5 

Lungs T2-T5 

Stomach T6-T l O  

Small intestine T9-T 10 

Large intestine 

Ascending and T l l-L l 

transverse 

colon 

Descending Ll-L2 

colon and 

rectum 

Liver and gall- T7-T9 

bladder 

Spleen T6-T l O  

Pancreas T6-TI O  

Adrenal gland TS-Ll 

(medul la) 

Kidney T l O-U 

Bladder T l l-L2 

Sex organs Tl O-L2 

None 

Dorsal moror nucleus of 

eN x and nucleus am

biguus 

Dorsal motor nucleus of 

CN X 

Dorsal motor nucleus of 

CN X 

Dorsal motor nucleus of 

CN X 

Dorsal motor nucleus of 

CN X 

S2-S4 cord segments 

Dorsal motor nucleus of 

CN X 

Dorsal 1110[Or nucleus of 

CN X 

Dorsal motor nucleus of 

eN x 
None 

Dorsal motor nucleus of 

CN X 

S2-S4 corti segments 

S2-S4 cord segments 



their tiring rate as the lungs i nflate. This information is 

conveyed via visceral affe rent fibers in the vagus nerve 

to the nucleus of the tractus soli tarius of the brain stem 

medulla. From this nucleus, neurons project into the 

respiratory center for expiratory activity. Descend i ng 

fibers then inhi bit the motor neurons that innervate the 

skeletal muscles of resp iration and subseque ntly termi

nate the inspiration phase. Other visceral afferent fibers 

that reflex ively i nfluence respiratory skeletal m u
.
scles 

course in the glossop hal)'ngeal and vagus nerves from 

chemoreceptors located in the carotid and aortic bodies. 

A change in the oxygen concentration causes a reflex 

change in the rate and depth of respira tion. Abnormal 

stimuli such as visceral nociception can also produce 

skeletal muscle contractions. An example of this type of 

viscerosomatic reflex is the contraction of the abdominal 

skeletal muscu lature after excessive distention or the in

tlammation of peritonitis. 

Experiments on rabbits have shown that stimu lation 

of organs such as the renal pelviS and small intestine 

cause reflex paravertebral muscle contractions. In addi

tion, some pathologic cond itions (e .g. , coronal), artery 

disease) cause stimulation of afferent fi bers that produce 

not only skeletal muscle contractions, but a lso concur

rent activation of autonomic effectors in somatic tissue 

that results in cutaneous vasomotor and sudomotor 

changes (Bea l ,  1 985). 

Viscerovisceral Reflexes. Visceral afferent fibers 

also mediate visceral reflex responses. Viscerovisceral re

tlex responses are common occurrences and are best ex

emplifi ed in the fUllctioning of the cardiovascular and GI 

systems. Changes in blood p ressure are mon itored by 

ba roreceptors of the carotid sinus and aortic arch .  For 

example, an increase in blood pressure stimulates the 

baroreceptors. The visceral afferent fibers from these 

course in the glossopharyngeal and vagus nerves to the 

brain stem, causing a reflex slowing of the heart rate via 

visceral efferent fibers in the vagus nerve and peripheral  

vasodilation via  inh ibition of sympathetic efferent fibers. 

Visceral afferent fibers from the GI tract and bladder con

vey information allowing for the normal functioning of 

digestion ,  elimination, and voiding. Sensory input such 

as distention p roduces reflex resp onses, i ncluding con

traction of smooth muscle (in the wall and in the sphi nc

ters) and mucosal secretion. 

The enteric nervous system is intimately involved with 

viscerovisceral reflex responses. For example, a toxic 

microbial orga nism may stimulate the intrinsic sensory 

neurons of the submucosal plexus that in nervate the ep

ithelium of the gut. Although the circuitI)' is not com

pletely understood, these neurons cause reflex secretion 

of water and ions, a decrease in absorp tion, and by 

means of the myenteric plexus, increased gut motility 

(Loewy, 1 990a) 

NEUROANATOMY OF THE AUTONOMIC N E RVOUS SYSTEM 343 

Somatovisceral Reflexes. The existence of somato

visceral reflexes ind icates tbat visceral afferen t fibers are 

not the sole initiatOrs of visceral responses; somatic at� 

ferent fibers can also reflexively stimulate autonomic e f

fe rent fibers. This usually occu rs when cha nges of skin 

temperature result in cu taneous vasomotor and sudo

motor responses. Although evidence exists that stimll

lating the receptors of somatic affe rent fibers produces 

changes in visceral activity, the exact neural circuitry for 

somatovisceral reflexes is not delrl), un derstood . 

Sato and h is colleagues (Sato, 1 992a ; Sato, 1 992b; Sato 

& Swenson , 1 984; Sato, Sato, & Sc hmidt,  1 984) have p ro

vided much evidence supporting the presence of S0111a

tovisceral reflexes. Using anesthetized rats, they stimu

lated the receptors of somatic afferent fibers from the 

skin, muscle, and knee joint and measured tbe reflex 

changes in hea rt rate, gut motihty, bladder contractility, 

adrenal medu llary nerve activity, and secretion of the 

adrenal medulla.  Depending on the type of stimuli  and 

organ involved, reflex responses to cutaneous stimuli 

produced the following varied responses: 

L Noxious and innocuous mechanical stinlllli  and 

thermal stimuli produced an increase in heart rate. 

2. Noxious pinch ing of the abdominal skin resulted in 

inh ibited gastric motil ity, although motility was 

sometimes facil itated when the hind paw was 

p inched. 

3. Stimulation of the p e rianal area caused increased 

efferent firing to and reflex contractions in a quies

cent (slightly expanded) bladder, but this caused 

the inh ibition of bladder contractions in an ex

pa nded bladder. 

4 .  Noxious pinching of the skin and noxious thermal 

stimuli  resulted in an increase in the secretOry ac

tivity of and neural activity to (via the greater 

splanch nic nerve) the medulla of the adrenal gland, 

whereas in nocuous stimuli Ilad the opposite effec t. 

Type III and IV muscle affe rent fibers ,  stimulated by in

traarterial injections of potassium chloride (Kel) and 

bradykinin (both of which are algesic agents), produ ced 

the following effects on heart rate and smooth muscle of 

the bladder: 

L " I njection of KCl regularly accelerates heart rate. 

With bradykinin,  both accelerations and decelera

tions can be observed" (Sato, 1 992a). 

2.  Both substances had effects 011 the bladder Similar  

to those in i tiated by cutaneous st imuli ,  that  is, ex

citation to the quiescent bladder and inhibition to 

the contractions of an expanded bladd er. 

Joint receptors from a normal knee joint and inJlamcd 

k nee joint were stimulated by movements both within 

and beyond the joint's norma l  range of motion. Results 

showed tllat heart rate and secretory and nerve activity 

of the adrenal medulla increasecl when the normal knee 

joint was moved beyond its normal range and when the 
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inflamed knee joint was moved wi thin and beyond its 

normal r,l l1ge, with a greater increase occurring d uring 

the latter. Thesc data indicated the variabil ity that can 

occur in different effectors in response to varioLls stimuli 

of somatic aflerent fibers. These experiments showed 

that effec tors could be med iated through both sympa

thetic or parasympathetic efferent fibers and that the re

sponse could be excita tory or inhibitory. Further, reflex 

responses may be i ntegrated at the segmental level 

(spinal  cord) or at  the supraspinal level,  and the clata in

d icated both paths were use d .  For example, segmental 

integration occurred for the cutaneovesical reflex of the 

qu iescent bladder, cutaneoadrenal reflex, and cuta

neogastric reflex, and supraspinal  integration was neces

sary for the clltaneocardiac reflex and cl1taneovesical re

flex of the expanded bladder. 
In other experiments exploring somatovisceral re

l1exes, different fo rces were applied to the lateral aspect 

of two regions of immobilized spines of anesthetized rats 

(Fig. 10-2 1 )  to study the effect un heart rate, blood pres

sure, and activity in the nerve to the adrenal medulla a n d  

renal nerve to t h e  kid ney (Sato, 1 992a; Sato & Swenson, 

1 984). Lateral flexion result ing from applied mechanical 

force stim ulated afferent fibers supplying the vertebral 

column and produced the following results: 

1 .  A conSistently large decrease in blood pressure that 

returned to normal after the stimulus was removed 
2. An i nconsistently small decrease in heart rate 

:'3 . A decrease in blood flow to the gastrocnemius and 

biceps femoris muscles, with a concomi tant de

crease in systemic arterial blood pressure 

4. An initial  decrease in activity in the renal nerve and 

subsequent recovery, both d uring the period of 

stimulation 

5. An in itial decrease in activity in the adrenal nerve 

witl1 a gradual retu rn  to baseline activity, which 

was followed by an additional i ncrease i n  act ivity 

(likely caused by a baroreceptor-mediated reflex re

sponse) 

In summary, these experiments show that a stress ap

plied to the spine i n i tiates reflex arcs resulting in 

changes in heart rate, blood pressure, and activity in 

sympathetic efferents to the kid ney and medulla of the 

adrenal gla nd. Based on this evidence, the n e ural com

ponents for this type of somatovisceral reflex do exist, 

and spinal manipulation may stimulate somatic afferent 

fibers to create similar somatovisceral reflex responses. 

Pathologic processes affecting the spine may also result 

in reflex changes in visceral activity (Sato, 1 992a) . 

NEUROTRANSMITfERS 

The chemical mediation that occurs i n  autonomic gan

glia and at the effector is  important for both neurotrans

mission a nd for pharmacologiC i nterve ntion. The two 

major neurotransmitters i nvolved in the ANS are acetyl

choline (ACh) and norepinephrine (NE), also called 

norad rena line. Since 1 935 the fibers releasing these 

neurotransmi tters have been functionally claSSified as 

cholinergic and adrenergic, respectively (Dale, 1 935).  

Acetylcholine 

All preganglionic fibers (both parasympathetic and sym

pathetic) release ACh at the level of the ganglion. Para

sympathetic postganglioniC fibers also release ACh at the 

level of the effector (Fig. 1 0-22). Research in the early 

1 900s found that ACh would bind to two types of re

ceptors, one on postganglioniC neurons and one on the 

effector. These were called n icotin ic and muscarinic re

ceptors, respectively, because the admini stration of the 

d rug n icotine and the alkaloid muscarine (derived from 

the A manita mus hroom) mi micked specific actions of 

- ---

Clamp 
(attached to 
stereotaxIc frame) 

<E-- Force 
(0.5-3 0 kg) 

FIG. 10-2 1 A, I l l ustration of the stimulation procedure (tho

racic spine shown). Segments isolated from skin and muscle, 

upper ancl lower segments fiJ(ed in a spinal stereota xic device, 

force exerted (0.5-3 .0 kg) on mobile segments. (From Saw, A. 
& Swenson, R S  [ 1 984] . J Mamj)ulatiue PlJysiol TlJer, 7[31 , 

1 4 1 - 1 47.) 
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Stimulus (30 sec) 

FIG, 10-2 1, coot'd. B, Sample record fro m a eNS i ntact an
imal with thoracic �p ine st imulatioll. Force ( 3 . 0  kg) delivered 

ulIIing the period marketl by the dark bar below the blood 

pressure trace. 

the stimulated parasympathetic system. Since then a 

minimum of three functional muscarinic receptors and 

at least three nicotinic receptors have been found . One 

of tbe nicotinic receptors described is the receptor that 

binds ACh at the neuromuscular junction (Parkinson, 

1 990b) 

ACh is rapidly broken down within tbe synaptic cleft. 

ii/lore specificaUy, ACh is hydrolyzed by the enzyme 
acetylcbolinesterase into choline and acetate. Sub

sequent reuptake returns choline to the nerve terminal. 

Because of tbe rapid inactivation, tbe time span of 

parasympathetic discharge is brief. 

Norepinephrine 

Sympathetic postgangl ionic fibers release N E  at the ef

fector membrane (Fig. 1 0-22). (However, postganglionic 

fibers that innervate sweat glands are cholinergic .) NE is 

capable of binding to two categories of receptors, alpha 

or beta. However, its major site of action is the alpha re

ceptor. Beta receptors may a lso be activated by epi

nephrine (released by the adrenal medulla) and, in addi
tion, strongly react to the agent isoproterenol, which 
consists of epinephrine and a propyl group. Each of the 

adrenergiC receptors is subd ivided into two types: alpha 

1 and alpha 2 and beta 1 and beta 2 (Parkinson, ] 990a). 
Thus, four varieties of ad renergic receptors exist to 

which NE (and epinephrine) can bind. This allows for a 

diversity of sympathetiC responses. In general, activation 

of alpha receptors produces exci tatory responses such 
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as smooth muscle contraction.  Activation of beta recep

tors results in inhibitOl)' responses, sllch as the contrac
tile inhibition seen in vasodilation. NE is slowly deacti

vated by vahous mechanisms. Substances that deactivate 
NE include intracellular monoamine oxidase and extra

cellular catecho l-o-methyltransferasc. NE is also deacti

vated by its active reuptake into the presynaptic nen'e 

termina l .  

Neuropeptides 

Although ACh and N E  are t he main neurotransmitters 

of the ANS, it has been shown that neuropeptidcs are 
also found in the same neurons and probably modify 

neurotransmission at the synapse. For example, post

ganglionic sympathetic fibers innervating the submu

cosal ganglia and GI mucosa contain tbe neuropeptide 

somatosta tin, and those supplying sweat glands contain 
both calCitonin gene-related peptide and vasoactive in

testinal polypeptide (Loewy, 1 990a). Neuropeptides are 
also found in the region of the preganglionic cell 

columns of the spinal cord . They include substance P, 
somatosta tin, enkephalins, and neuropeptide Y (primar

i ly in the sympathetic column). Also, vasoactive intesti

nal polypeptide and calcitonin gene-related peptide are 
both located primarily in the sacral cell column. All these 

may be involved with the integration and modulation of 

both autonomic reflexes and the descending iJlput from 
higher cen ters (Harati, 1 993). 

PharmacolOgiC Applications 

The synapse between preganglionic and postganglionic 

neurons and postganglionic fibers and effectors is of in

terest pharmacologicaUy. Various agents, some of which 

are produced synthetically, can produce numerous ef

fects. Some mimic the actions of sympathetic (sympa

thomimetic) stimu lation, and others mimic the actions 

of parasympathetic (parasympathomimetic) stimulation. 
Many agents block receptor sites or alter the deactiva

tion mechanism of the neurotransmitter. Examples of 

blocking agents are high concentrations of nicotine, 

which act at the ganglion level and sustain postgan
glionic depolarization; a tropine, which binds to mus

carinic receptors (used to dilate the pupils and increase 

heart rate); phenoxybenzamine, which blocks alpha

adrenergiC receptors; propranolol ,  which blocks beta
adrenergiC receptors (used to treat hypertension); and 

reserpine, wh ich inhibits NE synthesis and storage 
(Snell , 1 992). 

Some pharmacologic agents can also inhibit or in

activate acetylcholinesterase. Because ACh is not deac

tivated, it continues to stimulate cholinergic fi llers. 

Examples of these reversible anticholinesterase ch-ugs 
are physostigmine and neostigmine, used in tr('ating 
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FIG. 10-22 The major neurotransmitters released by parasympathetic anel sympathetic neu
rons. Note the receptors (nicotinic, green; muscarinic, pUl1Jle; alpha, blue) to which the neu
rotransmitters bind. Preganglionic neurons of both systems and postganglionic parasympa

thetic neurons release acetylcholine (ACh). Postganglionic sympathetic neurons typically re

lease norepinephrine (NE). (Those to sweat glands release acetyl.choline .) 

glaucoma and myasthenia gravis. Irreversible anti

chol inesterase dmgs are also prod uced. Some of these 

are toxic, such as " nerve gas" (Carpenter & Sutin, 1 983). 

Pharmacologic agents can also mimiC autonomic func

tion by stimulating receptors. Phenylephrine (Neo

Syneph rine ; used to decrease nasal secretions) and iso

proterenol (lsuprel; used as a bronchodilator during at

tacks of asthma) activate a lpha and beta receptors, 

respectively. Pilocarpine can mimic parasympathetic ac

tivity and is a l so used in the treatment of glaucoma (con

striction of the sphincter p u pillae muscle al lows for 

drainage of the anterior chamber of the eye by opening 

the canals of Schlemm). 

CONTROL OF AUTONOMIC EFFERENTS 

Hypothalamus 

The results of milch investigation have clarified the com

ponents, neurotransmitters, and functions of the sym-

pathetic and parasympathetic divisions of the ANS. 

However, not wHii the past 1 5  years have the results of 

research begun to elucidate tbe complex neural circuitry 

tha t  in tegrates and regulates autonom ic efferents. This 

circu itry is located i n  the brain stem and in more rostral 

structures. The hypothalamus has been considered to 

be the major controller of the ANS. It is also considered 

to be a n  integrator of both the ANS and endocrine sys

tems, which are essential for maintaining homeostasis. 

In fact, stimulating the anterior and posterior hypothala

m ic nuclei produces parasympathetic and sympathetic 

responses, respectively. In addition to input from nu

merous regions of the CNS, some hypothalamic neurons 

are sensitive to information conveyed by the blood, in

clud ing temperature, osmolarity, and glucose and hor

mone concentrations. The hypothalamus is also inti

mately involved with the limbic system, which is a phy

logen etically old system concerned with behaviors and 

visceral responses necessary for survival .  AJthough im-



portant, the hypothalamus is just one part of the central 

autonomic network. 

Nucleus of the Tractus Solitarius 

Another integral component of this circuitry is the 

nucleus of the tractus solitarius (NTS) (Barron & 
Cl1okroverty, 1 993; Loewy, 1 990c). This nucleus lies 

adjacent to the dorsal motor nucleus of the vagus in 

the dorsomedial aspect of the brain stem medul la (Fig. 

1 0-23). Studies performed on rats show that the NTS is 

the major brain stem integrator of visceral afferent fibers, 

including those conveying cardiovascular, respiratory, 

GI, and taste information.  I t  also receives somatic i nfor

mation from the spinal cord and trigeminal system, 

paving the way for integration and possibly somatovis

ceral and viscerovisceral reflex responses (Menetrey & 
Basbaum, 1 987). 

The NTS is uniquely organized. Some afferent fibers 

terminate in organ-speciJic subnuclei, which in turn con

nect with appropriate preganglionic nemons and make 

reflex adjustments on effector organs .  Other afferent 

fibers synapse on a common region of the NTS called the 

commissural nucleus (Loewy, 1 990c). This nucleus is  

reciprocally connected to brain stem nuclei and fore

brain nuclei sllch as the thalamus, hypothalamus, amyg

dala, caudal raphe nuclei, and bed nucleus of the stria 

terminalis. These connections form the central auto

nomic network. This network integrates the input it  re

ceives and subsequently activates numerous stmctures 

that are responsible for widespread autonomic, en

docrine, and behavioral effects. For the visceral effectors 

to produce a response, the central autonomic network 

sends input to the preganglionic parasympathetic (pri

marily the vagal system) and sympathetic neurons. 

Other ANS Influences 

Preganglionic sympathetic neurons receive descending 

input from the hypothalamus (paraventricular nucleus), 

pontine norad renergic cell group (A5), caudal raphe nu

clei, and the rostral ventrolateral and ventromedial 

medullary reticular formation. Interneuronal circuits in 

the intermediate gray matter of each sympathetic spinal 

cord level a lso can influence sympathetic output, al

though the exact mechanism is unclear (Loewy, 1 990c). 

In addition to the central autonomic network, the 

cerebellum and the cerebral cortex have been impli

cated in playing a role in the production of autonomic 

responses. Data gathered from stimulation and ablation 

studies of the cerebellum suggest the cerebellum is in

volved at least with cardiovascular functions. On stimu

lation of the cerebral cortex (superior frontal gyrus, in

sula , and sensorimotor strip), changes in cardiovascular 

and respiratory functions, GI motility, and pupillary d ila-
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tion are produced.  These changes are caused by cortical 

projections that are likely channeled through the hypo

thalamus. The cerebellar and cerebral pathways mediat

i ng these autonomic responses are ,  as yet, unknown 

(Barron & Chokroverty, 1 993). 

Because the majority of  this information was gathered 

from experiments performed on lower mammals, much 

research needs to be done to clarify the central auto

nomic circuitry of the human brain. Sympathetic and 

parasympathetic efferents are certainly under the con

trol of numerous CNS structures that have formed a com

plex network. This network is l inked in such a way that 

integration and modulation of the autonomic and en

docrine systems are possible and behavioral responses 

can even be affected . 

CLINICAL APPliCATIONS 

A d iscussion of the vast number of lesions that can alter 

autonomic activity is beyond the scope of this chapter. 

Therefore the following are j ust a few examples of vari

ous pathologic processes that may cause autonomic dys

function. 

To forebra in  
nuclei 

�l 
-.... ,\. � "-

f� \� 

Taste >----'-------\---1. 
cv �--�----�-� .. 

Respi ratory 
GI 

tractus 
sol i tar ius 

FIG. 10-23 The nucleus of the tracms soJ irari us . This nl l
cleus is an integrarive center Jnd a major component of rhe 

central autonomic network of the brain. The nucleus receivl"s 
variolls 'afferent input, such as taste, cartiiovasculaf (CY), res
piratory, and gastrointestinal .  The out put (Clrrozus) is dispersed 

to numerous areas, including brain stem nuclei and fOfl'brain 

nuclei (e .g . ,  the thalamus and hypotha lamus) ,  resulting in 1"(."
flex responses, as well as autonomic, endocrine, and behav
ioral responses . 
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Denervation Hypersensitivity 

Although total di sruption of the innervation to skeletal 

muscles prohib its contraction from occurring, many vis
cera are aUlOregulated, and lesions of preganglionic and 
postganglionic fibers to these autonomic effectors may 

not cause total cessation of function. However, under 
these circllmstances the a utonomic effector may not 

function in the most efficient manner. Depending on its 

location, a lesion would l ikely eliminate the release of 

neurotransmitters either between the preganglionic and 

postganglionic neurons or between the postganglionic 

neuron and the effector. When this occurs, the dener

vated structures show an i ncrease in sensitivity to their 

neurotransmitters, which at times may be found in the 

circulation. This hypersensitivity is possibly caused by 
an increase in the number of cell membrane adrenergic 

receptor sites or by alterations in the relJptake mecha

nism of certain neurotransmitters (e .g . ,  epinephrine) 

(Carpenter & Sutin, 1 983:  Snell, 1 992) .  The effectors 

show greater sensitization as a resul t  of sectioning post

ganglionic fibers rather than sectioning preganglionic 

fibers (Carpenter & Sutin, 1 983). 
An example of the effects of denervation hypersensi

tivity may be observed in the pupils of individuals who 

have Horner's syndrome, which is caused by a dismp

tion of sympathetic li.bers (see following discussion) . If 
the individual's sympathetic nervous system is stimu

lated (e . g . ,  overexcitement), epinephrine and NE are re

leased from the medulla of the adrenal gland into the 

blood and cause the pupil to di late (paradoxic pupillary 

response), even though the sympathetic innervation to 

the i ris has been interrupted (Noback et a I . ,  1 9 9 1 ) .  
Administration of  sympatheticomimetic agents to indi

viduals with Horner's syndrome also produces this same 

pupillal)' response (Cross, 1 993a). 

Horner's Syndrome 

Horner's syndrome is primarily an acquired pathologic 

condition but rarely may occur as a congenital condi
tion. This syndrome is caused by the interruption of the 

sympathetic innervation to effectors located in the head. 

Characteristic signs seen in Horner's syndrome are those 

associated with the ipsilateral loss of sympathetic inner
vation to the following stmctures: smooth muscle of the 
di lator pupillae muscle of the iris, producing pupillary 

constriction (miosis), which is more apparent in dim 

light; smooth muscle (Mlil ler's) of the upper eyelid, pro

dllcing ptosis; sweat glands of the face, causing anhidro

sis; and smooth muscle of the blood vessels, reSUl ting in 

vasodilation (this makes the skin tlushed and warm to 
the tollch) . The patient may also appear to have enoph

thalmos ("sunken eye") .  This feature is actually caused 

by the narrowed palpebral fissure following denervation 

of the upper eyelids. Because of its denervation, the dila

tor pupillae muscle is also hypersensitive to circulating 

adrenergic neurotransmitters (see previous discussion). 

One area of the CNS that can be lesioned to produce 

Horner'S syndrome is in the brain stem (Fig. 10-24, A). 
Fibers originating in the hypothalamus and destined 

for the intermediolateral cell column of the spinal cord 
descend in the lateral aspect of the brain stem, 

Intermption of these fibers can be caused by tumors, 

multi pie sclerosis, trauma, or vascular insufficiency , 

such as that seen in lateral medulla!)' (\Vallenberg's) 

syndrome. Preganglionic and postganglionic sympa

thetic fibers can also be disrupted , resulting in a 

Horner's syndrome. Preganglionic fibers originatiJ1g 

from the upper three thoracic segments enter the sym
pathetic chain, ascend , and synapse in the superior cer

vicll gangl. ion. Postganglionic fibers to the effectors 
travel with the external and internal carotid arteriES. 

Therefore an interruption of preganglionic fibers (in the 

ventral roots or in the cervical sympathetic chain) or 

postganglionic fibers may also result in Horner's syn

drome (Fig. 1 0-24, A) 
Some causes of interruption of preganglionic sympa

thetic fibers include an apical IUJ1g (Pancoast) tumor 

pressing on the stellate ganglion (Fig. 1 0-24, B), surgical 
trauma to the thorax or neck, and a cervical spine frac

ture or dislocation (Cross, 1 993a). Postganglionic fibers 

may be disrupted in the neck or within the cranium. 
A lesion distal to the superior cervical ganglion may 
produce variation in the clinical signs and symptoms 

presented by the patient, since the postganglionic fibers 
use several different arteries to travel to their effeC[ors. 

Therefore the signs and sympwms depend on which 

postganglionic fibers have been dJmaged . 

Raynaud's Disease 

Raynaud 's disease is the result of vasospasms in the d ig

ital arteries and arterioles of the fingers (most fre

quently). Although rarely affected alone, the toes may 

become involved in conjullction with the fingers. 

Induced by cold, this painful episodic condition pres

ents bilaterally as changes in skin color caused by va
soconstriction anel later a reactive hyperemia. This 
phenomenon may also be present secondal)' to other 
disorders, such as thoracic outlet syndrome, carpal tun

nel syndrome, connective tisslle disorders, and occu

pational trauma (e.g . ,  operating air hammers or chain 

saws). Although conservative treatment should be at

tempted first, in seriolls cases the administration of sym

pathetic pharmacologic blockers (e.g . ,  reserpine) or 
even sympathectomy may be necessary to treat this 

condition . (Carpenter & Sutin, 1983 ; Khurana, 1 9,;):'; 

Snell , 1 992) ,  
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fIG. 10-l... Sites of lesions that may cause Horner's syndrome. A, An inrermption of de

scending hyporh;l lamic fi bers within the bra i n  stem, of sympathetic preganglionic, or of sym

pathetic postganglionic fibers may produce the symptoms associated with Horner's syndrome. 

Hirschsprung' s Disease 

Hirschsprung's disease (megacolon) is a congenital con

d ition affecting the enteric nervous system. I t  occurs 

when the myenteric plexus of a segment of the d istal 

colon does not develop, leaving that segment of colon i n  

a state of constriction. This subsequently blocks evacua

tion of the bowel and causes the region proximal to the 

constriction to become immensely di lated . 

Spinal Cord Injury 

General Considerations. As mentioned in Chapter 

9,  an injury to the spinal cord may cause d ysfunction in 

somatic motor activity and may impair somatic sensory 

input. This same type of lesion may also have wide

spread and disastrous effects on the Al\lS. These ef

fects may occur by destroying the preganglionic neu

ron cell bodies or by removing the descending i nflu

ence on pregangl ionic neurons from h igher centers. 

Cunlil1ueci. 

The latter scenario would result in loss of input from 

the hypothalamus, medullalY centers, ancl other centers 

on the prega nglionic neurons below the level of the 

lesion. 

The specific level of the lesion and the amount of nell

ronal loss determine which functions of the ANS are lost 

and which are retained. High lesions of upper thoracic 

or cervical segments are espec ially detrimental because 

they can eliminate all brain control on essential homeo

static mechanisms. These mechanisms are extremely im

porta nt in permi tting the body to respond to such events 

as environmental changes (e. g. ,  tem perature) or emo

tional stresses. For example, with complete lesions of 

the lower cervical spinal cord, all in tegration between 

segmental autonomic reflexes and descend ing influ

ences is eliminated.  This leaves any remaining control of 

bladder and bowel fun c tion , sexual function, cardiovas

cular regulation, and thermoregulation to the uninhib

ited reflex arcs formed by visceral afferent fibers and 

A 
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FIG. 10-24, cont'd. B, Because of the location of the lung apex, stellate ganglion, and low

est trunk of the brachial plexus, a nunor in the lung apex may result in a Horner's synurome 

and in lesion signs in the upper extremity (as a result of pressure on the steUate ganglion and 

lowest tnmk of the brachial plexus, respectively). 

preganglionic sympathetic and sacral parasympathetic 

efferent fibers. This can be life-threatening in the case of 

regulation of vasomotor tone and thermoregulation. The 

dysfunctions resulting from spinal cord injuries are usu

aUy most apparent in effectors that normally function au

tomatically, are usually taken for granted (e .g . ,  bladder 

and bowel function), but are an extremely important 

part of daily living. 

Spinal Shock and Other Consequences. The initial 

reaction to a complete transection of the spinal corel is 

spinal shock, which atfects somatic (see Chapter 9) 

and autonomic functions. Removing supraspinal input 

causes loss of all autonomic reflexes below the level of 

the lesion. This results in an aretlexic, atonic bladder 

that is characterized by acme retention (Abdel-Azinl et 

a I . ,  1 99 1 )  with overflow incontinence and in a paralytic 



ileus (Adams & Victor, 1 989; Hanak & Scott, 1 983;  Snell, 

1 992).  High thoracic or cervical transections can also re

sult in the following: profound hypotension from loss of 

vasomotor tone, loss of thermoregulation also caused by 

impaired vasomotor tone, and possible loss of sweating 

and piloerection. 

After the effects of spinal shock have worn off, auto

nomic functions and homeostatic control rely on the in

tegrity of the afferent and efferent neurons below the 

level of the lesion, and a stage of heightened reflex ac

tivity ensues. This stage is characterized by hyperactivity 

in deep tendon reflexes, a spastic bladder (see Effects on 

Bladder Function), and heightened vasoconstrictor and 

sweating responses to epinephrine (see Denervation 

Hypersensitivity). 

In addition to bladder, bowel, and sexual functions be

ing disrupted, lesions causing quadriplegia continue to 

produce serious impairment of other Al'lS functions, 

since descending input to sympathetic efferents des

tined for the heart, peripheral blood vessels, sweat 

glands, and arrector pili muscles is severed . A specific 

example of a difficulty that arises from the loss of de

scending input to preganglionic sympathetic neurons is 

a marked decrease in the ability to regulate blood pres

sure. Normally a decrease in cerebral blood pressure, 

such as would occur when sitting up from a supine po

sition, is easily corrected. In patients with cenrical cord 

injuries, the decrease in blooc! pressure stimulates 

baroreceptors, but tbe stimulation does not result in re

flex sympathetic vasoconstriction. Therefore the patient 

is prone to orthostatic hypotens ion, and if the drop in 

blood pressure is severe enough, consciousness may be 

lost. Nso, the regulation of vasomotor tone in response 

to temperature changes or emotional stress (which usu

a lly acts as a sympathetic stimulus) is absent in der

rna tomes below the level of the lesion. For example, 

with an injury of the upper thoracic spinal cord (about 

T3) the face and neck may demonstrate flushing and 

sweating in response to a rise in temperature, but reflex 

vasodilation of the rest of the body does not occur 

(Adams & Victor, 1 989; Appenzeller, 1 986). These pa

tients have difficulty controlling their body temperature. 

Effects on Bladder function. The normal hmction

ing of the bladder is regulated by numerous areas in the 

CNS (see Fig. 10- 1 8).  The involvement of higher centers 

with sacral afferent and efferent neurons generates a 

sense of hiliness and the need to void .  These connec

tions also allow the suppression of voiding until an ap

propriate time, and also provide the ability to start and 

stop voiding and to evacuate the bladder completely. 

LeSions in the spinal cord disnlpt this type of voluntary 

control. 

A complete lesion above the lumbosacral cord seg

ments severs ascending sensory input to the brain and 
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descending information from the brain and results in a 

reflex neurogenic (spastic) bladder. The bladder is hy

perreflexic, and stretch receptors initiate reflex contrac

tion on filling. However, incomplete emptying occurs 

beca use of "detnlsor-striated sphincter dyssynergia" 

(lack of coordination between the detrusor muscle and 

the external urethral sphincter, callsed by the disruption 

of descending fibers) (Abdel-Azim et a I . ,  1 99 1 ;  Bradley, 

1 993;  de Groat et aI., 1990). A lesion in sacral cord seg

ments (conus medu llaris) or the caueJa equina destroys 

the innervation to the bladder and produces a non reflex, 

autonomolls (flaCCid) bladder. The detrusor muscle is 

areflexic and atonic, and the bladder fills and overflows 

(overflow incontinence). It is possible for patients 

to manage bladder function by learning and maintain

i ng a routine of consistent fluid intake ancl by cath

eterization (preferably intermittent).  In some instances , 

pharmacologic therapy may also be necessary.  In pa

tients with supraspinal leSions, surgical enlargement of 

the bladder (augmentation cystoplasty) may also be

come an option.  1n ind ividuals with sacral corcl lesions, 

micturition is possible by using the Crede (applying 

manual pressure to the suprapubiC region) and Valsalva 

maneuvers (Abclel-Azim et a I . ,  1991) .  

Effects o n  Bowel Function. LeSions that result in 

bladder dysfunction also affect bowel activity. The types 

of effectors involved with normal bowel function (i .e . ,  

smooth muscle and s triated sphincters) are similar to 

those involved with bladder hll1ctions. The pattern of in

nen'ation of the bowel is also similar to that of the blad

der. Thus, similarities exist between the effects of spinal 

cord lesions on bowel fUllction and the effects on blad

der hll1ction. Loss of descending input from the brain 

eliminates the voltmtary control of defecation, the 

awareness of the sensation to defecate, and the knowl

edge that defecation is occurring. Instead , the bowel is 

automatic, which means that it  contracts in response to 

local reflexes. These reflexes are initiated by distention, 

irritation (e .g . ,  suppositories), and in some instances d ig

i tal anal stimulation. Management of bowel, as well as 

bladder, function is of great concern for the patient, and 

helping the patient become as independent as possible 

is a psychologic advantage. Setting aside a routine time 

for reflex bowel action is important for bowel training. 

Proper diet, fluid intake, positioning, and medication 

can also help to maximize the success of such training 

(Sutton, 1 973) 

Effects on Sexual Function. Of great i mportance to 
many patients with spinal cord injuries is the extent to 

which their sexual h1l1ctions are impaired . As with the 

urinary system, the genitalia receive parasympathetic, 

sympathetic, and somatic innervation (see Fig. 10- 1 9).  

Male sexual dyshll1ction has been extensively studied, 
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more so than dysfunction i n  females, m ost likely because 

fewer females experience spinal cord injuries and their 

functional loss is less detrimenta l .  Similar to the effects 

seen in other organs, the degree of dysfunction depends 
on the completeness of the lesion and the level of the 

injury .  
Erections can be psychogenic or reflexogenic (see ear

lier discussion). The former al'e in itiated by supraspinal 
input channeled through the hypothalamus and limbic 

systems to descend ultimately to parasympathetic and 

sympathetic efferents (de Groat & Steers, 1 990). Re

flexogenic erections are elicited by exteroceptive stimu li 

and are mediated by a reflex arc that uses sacral cord seg
ments. In healthy ind ividua ls, both supraspinal and re

flex connections probably work in concert. 
Patients with spinal cord injuries are usuaUy still capa

ble of having erections (Seftel et aI . ,  1 99 1 ) .  Patients with 

complete lower motor neuron lesions in the sacral. cord 

(conus medullaris) or cauda equina may still retain psy

chogenic erections via the sympathetic innervation of 

the penis, although reflexogeniC erections are absent (de 

Groat & Steers, 1 990; Seftel et a I . ,  1 99 1 ). However, pa
tients with complete upper motor neuron lesions, above 

the T 1 2  cord segment, a re incapable of psychogenic 

erections, a lthough reflexogenic erections are usually 
present (Seftel et  a I . ,  1 9 9 1 )  Tactile stimulation of the 

genital. area is the initiator of this reflex response. 
Incomplete lower or upper motor neuron leSions in

creases the chances of being able to have psychogenic 

erections. 

Although erections occur frequently in spinal cord-in

j ured patients, ejaculation is uncommon in patients with 

complete upper motor neuron lesions. The CNS media
tion of ejaculation is h ighly complex, involving an ejacu

latory center in the lower thoracolumbar spinal cord seg
ments and in supraspinal areas, such as the cerebral 

cortex. Although the circuitry is not completely under

stood, these centers are thought to be vuLnerable to in

j Uly. Because of the fai lure to ejaculate, infertility i s  a ma

jor problem among patients with spinal cord lesions 

(Seftel et a I . ,  1 99 1 ). 

Conus Medu llaris Syndrome. As mentioned previ

ously, the pattern of i nnervation to the bladder, bOWel, 

and genitalia is similar and involves sympathetiC, 
parasympathetic, and somatic neurons. Lesions in the 

sacral segments produce a conus medullaris syndrome 
affecting the bladder, bowel, and genitalia in a manner 

described previously. Conus medullaris syndrome also 

results in anesthesia in the perianal region .  Of diagnostic 

value is that this syndrome results in perianal sensory 
loss and autonomic disturbances, but the lower extrem
ities retain their normal sensory and motor functions 

(Carpenter & Sutin, 1 983).  

Autonomic Dysreflexia. Spinal cord lesions of 

midthoracic and cervical segments also produce a con

dition called autonomic dysreflexia,  also known as auto
nomic hyperreflexia. This syndrome is a widespread au

tonomic reflex reaction to afferent stimuli that is nor

mally modulated by descending supraspinal input. The 

initiation of autonomic dysreflexia occurs when a nox

ious stimulus causes afferent fibers to fire and send input 
into the spinal cord below the level of the lesion. 

Common stimuli are distention of the bladder, urin,llY 

tract infection, blockage or insertion of a catheter, rectal 

distention, and occasionally cutaneous stimulation and 

flexion contractures (Appenzel ler, 1 986; Benarroch, 

1 993). Without normal supraspinal inhibition, sympa
thetic efferents cause widespread reflex vasoconstric

tion in areas innervated by cord segments below the le
sion. This results in hypertension. Baroreceptors moni

toring the increase in blood pressure send information 
to vasomotor centers, which in turn attempt to correct 

this threatening situation. This results in bradycardia, 

and above the level of the lesion (usually in the face 

and neck), vasod ilation, flushing, and profuse sweMing 

occur. 

However, because of the lesion, no corrective mes
sage reaches the sympathetic fibers below the spina.l 

cord blockage, and therefore vasoconstriction continues 
and is accompanied by piloerection and skin pallor 

(Naftchi et ai,  1 982b). Patients monitored during a hy

pertensive crisis exhibit an increase of their mean arter

ial pressure from 95 to 1 54 mm Hg (Naftchi et aI . ,  
1982a). Others demonstrate a systolic pressure that may 

exceed 200 mm Hg (Ropper, 1 993). This hypertension 

usually produces a throbbing headache and is extremely 

serious because it  can result in seizures, localized neu
rologic deficits, myocarcl ial infarction, visual defects, 
and cerebral hemorrhaging (Adams & Victor, 1 989; 

Benarroch,  1 993; Hanak & SCOtt, 1983). Immediate a l le

viation of this condition by identifying and removing the 

cause of the stimulus, which can produce a decrease in 

blood pressure within 2 to 10 minutes (Ropper, 1 993), 
is imperative. 

Conclusion. Lesions of the spinal cord producing 

dysfunction of normal sexual, bowel, and bladder activi
ties cause not only considerable physical impairment, 

but also significant psychologic concern for the patient. 
Rehabilitation of the patient to as much independent 

control as possible with as l ittle reliance on others as 

possible is extremely important. The location of the le

sion determines the amoLlnt and type of function that re

main, and the amount of remaining function determines 

the methods that may be used to achieve self-reliance. 

As can be seen from the previous discussion, the ef

fects of spinal cord injury to the somatic (see Chapter 9) 



and autonornic nervous systems can be considerable and 

in some cases life-threatening. The resulting loss of sen

sory and motor functions serves as a continual reminder 

of the importance of the intricate and complex neural 

circuitry that  is necessary for the normal functioning of 

the human body. 
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CHAPTER 1 1 

Pain of Spinal Origin 
Gregory D. Cramer 
Susan A. Darby 

Patient Backgrounu 

Perception of Pain 

Pain of Somatic Origin 

Anterior Primary Divisions (Ventral Rami) 

Posterior Primary Divisions (Dorsal Rami) 

Recurrent Meningeal Nerve 

Nerves Associated With the Sympathetic Nervous 

System 

Pain Generators Urlique to the Cervical Region 

Pain Generators Unique to the Thoracic Region 

Dorsal Root Ganglia 

Somatic Referred Pain 

Central Transmission of Nociception 

Neosp inothalamic Tract 

Pa!eospinothaJamic and Spinoreticular Tracts 

Control of Nociception 

Segmental Control 

Supraspinal Control 

Differentiation Between Pain of Somatic Orig in and 

Radicular Pain 

Interaction Between the Zygapophyseal Joints and the 

Intervertebral Discs 

Other Considerations 

The purpose of this chapter is to apply much of the in

formation discussed in previous chapters to the clinical 

setting. This is accomplished by discussing the case of a 

typical patient with low back pain. In addition, stnlC

tural features of other regions of the spine particularly 

susceptible to injury or pathologic conditions are also 

briefly mentioned. The aspects of pain discussed in this 

chapter are meant to include the most common causes 

of discomfort. Exhaustive lists are beyond the scope of 

this chapter. It is not our intention in th.is chapter to 

cover the topic of back pain thoroughly. Fortunately, 

this subject has been reported thoroughly elsewhere 

(see Bogduk & Twomey, 1991; Haldeman, 1992; and 

Kirkaldy-Willis, 1988a). Rather, the primary purpose of 

this chapter is to apply the previously covered gross 

anatomic and neuroanatomic information to clinical 

practice. To accomplish this purpose, we have chosen 

to discuss a challenging problem that faces clinicians 

continuously, their patients' pain. 

PATIENT BACKGROUND 

On a bright Monelay afternoon in January, Mr. S, a 40-

year-old male, enters your waiting room. The reception

ist recognizes Mr. S as a previous patient. As she hands 

him a form inquiring about the details of his chief com

plaint, she notices his extremely slow gait anel very 

guarded stance. While Mr. S diligently fills out the form, 

the receptionist retrieves his previous records. At the 

earliest opportunity, she hands you the file previously 

compiled on Mr. S and mentions that he appears to have 

"a nasty case of low back pain." As you review the 

records, you immediately recall Mr. S as a patient from 3 
years earlier. He had strained the muscles of his low 

back while unloading bags of dIl' cement mix, which he 

was planning to lise for a home improvement project. 

You suspect his complaint today may be related to this 

prior inCident, and you begin to analyze the perception 

of pain. 

PERCEPI10N OF PAIN 

Your general approach to patients complaining of pain is 

that their pain is real. It has both physical ancl psycho

logic components, one of which may predominate, and 

the pain always alters the personality of the inuividual 

(Kirkaldy-Willis, 1988b). This alteration of personality 
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lIsually returns to the prepain state when the physical 

cause of the discomfort has sufficiently healed. In addi

tion, pain always has a subjective component and is per

ceived by patients in relation to previous experiences 

with pain, usually from their early years (Weinstein, 

1988). 

Pain has been defined by the International Association 

for the Study of Pain as "an unpleasant senso!)' and emo

tional experience associated with actual or potential tis

sue damage, or described in terms of such damage" 

(Merskey, 1979). This group's committee on taxonomy 

goes on to stale, "If a patient regards their experience as 

pain and if they report it in the same ways as pain caused 

by tissue damage, it should be accepted as pain" 

(Merskey, 1 979). Therefore, not all pain is the result of a 

nociceptive stimulus received and transmitted by a sen

sory receptor of a peripheral nerve (Weinstein, 1988). 

Many other factors may influence the patient's per

ception of pain, including the following: the individual's 

general health, the nervous system's overall status, the 

pain's chronicity, and even the environment in which 

the patient lives (Haldeman, 1 992). In addition, the dor

sal root ganglia, the spinal corel, and higher centers are 

all capable of adjusting and regulating (modulating) 

painful stimuli. Therefore, to continue with our example 

of Mr. S, the clinician may not fully appreciate and un

derstand the severiry of Mr. S's pain until he or she has 

had an opportunity to observe him on several different 

occasions (Kirkaldy-Willis, 1 988b). 

The characteristics and quality of pain, such as that ex

perienced by Mr. S, can be important. For example, dif 

fuse burning pain, which may or may not radiate into the 

lower extremiry, is usually of sympathetic origin. 

Peripheral receptors of the recurrent meningeal nen'e 

carry afferents that travel with sympathetic fibers. These 

receptors may be stimulated by arachnoiditis and post

operative fibrosis and could possibly be a source of dif

fuse burning pain of sympathetic origin (Kirkaldy-Willis, 

1988b). However, aching is usually the result of muscle 

tightness or soreness and is frequently relieved by 

stretching and short periods of rest. Other generalized 

lower extremiry pain, excluding aching pain, is often as

sociated with a vascular or nenrogenic cause (Weinstein, 

1988). 

PAIN OF SOMATIC ORIGIN 

You now begin to consider the possible causes of Mr. S's 

current discomfort. You know that even though low 

back pain is one of the most common complaints seen 

by physicians, it is also one of the most difficult to un

derstand (Weinstein, 1988). Recall that an anatomic 

structure must be supplied by nociceptive nerve endings 

(nerve endings sensitive to tissue damage; see Chapter 

9) to be a cause of low back pain, and that Mr. S's per-

ception of his low back pain greatly depends on the 

factors described previously. Also recall that nociceptors 

may be stimulated by mechanical, thermal, or chemical 

means, and because the stmctures that receive nocicep

tive innervation are able to "generate pain," they are 

sometimes referred to as pain generators. 

Once a nociceptor has depolarized, it changes its 

properties, frequently becoming more sensitive to sub

sequent noxious stimuli. This increased sensitivity is 

known as hyperalgesia. The central nervous system 

(CNS) also has several mechanisms by which it, too, may 

create hyperalgeSia in an area of inju!)!. Therefore, after 

tissue is damaged ,  it is usually more sensitive to further 

nociception until healing has occurred. After pathologic 

conditions or injury, hyperalgesia may also be present in 

the healthy tissues surrounding the site of the lesion. 

Frequently, nociception of spinal origin is the result of 

damage to several structures, and the effects of hyperal

gesia allow for nociception to be felt from tissues tilat, if 

injured to the same degree independently, might have 

gone unnoticed (Haldeman, 1992). 

Most pain has a physical cause, even though not all the 

structures supplied by nociceptors, aocl therefore capa

ble of producing "pain , "  are known (Haldeman, 1992). 

Also, those tissues that are supplied by nociceptive 

nerve endings can usually undergo a number of different 

pathologic processes that can lead to stimulation of no

ciceptors (Haldeman, 1992). 

One of the best ways to organize Mr. S's possible "pain 

generators" is by listing them according to the four main 

sources of neural innervation to spinal structures: the 

anterior primary division (APD, ventral ramus), the pos

terior primary division (PPD, dorsal ramus), the recur

rent meningeal nerve , and sensory fibers that course 

with the sympathetic nervous system (Fig. 1 1 -1). All 

these afferent nerves have their cell bodies in the dorsal 

root ganglia (DRGs), which, with the exception of 

Cl and C2 (see Chapter 5), are located within the inter

vertebral foramina (IVFs) of the spine. Note that the 

sensory fibers, which are associated with the recurrent 

meningeal nerve and the sympathetic nervous system, 

provide a route for the transmission of nociception from 

somatic structures of the vertebral column's anterior 

aspect. Fibers arising from these sources pass through 

the APD for a short distance befo re reaching the mixed 

spinal nerve. They then enter the dorsal root. Even 

though these nerves briefly pass through the ventral 

ramus, they are best considered separately because 

they are important with regard to nociception of spinal 

origin. 

Anterior Primary Divisions (Ventral Rami) 

To approach the cause of the discomfort experienced by 

Mr. S, let us first consider those structures innervated by 



Gray ramus 
communicans � 

Recurrent 
meningeal n. 

Anterior rrimary 
division (ventra ramus) 

Medial branch 
of the posterior 

primary division 
Capsule of 

Z joint 

PAIN OF SPINAL ORIGIN 357 

Ligamentum 
flavum 

Superior 
articular 
process 

FIG. 11-1 Horizontal view of a lumbar vertebra, the intervertebral foramina, the vertebral 

foramen, and the nerves associated with this region. Notice the innervation to the zy· 

gapophyseal jOint by the meelial branch of the posterior primary ciivision. Also notice the 

recurrent meningeal nerve innervating the posterior aspect of the intervertebral el ise. The re

current meningeal nerve also innervates the posteI"ior l ongitudinal l i gament ami the anterior 

aspect of the spinal dura mater. 

the lumbar APDs (see the box at right). The APDs of 

the lumbar region innervate mllch of the gluteal and in

guinal regions, as well as the entire lower extremity. 

Although these regions may refer to the low back, they 

usually are accompanied by more localized pain from 

the structure that is either injured or is affected by some 

form of pathologic process. More likely causes of back 

pain originating from structures innervated by APDs 

(ventral rami) are several muscles, induding the psoas 

major, the quadratlls lumborum, and the lateral inter

transversarii. Strain or possibly increased tightness (what 

some would call "spasm") of these muscles can be a 

source of back pain. Abscess within the psoas muscle is 

also a possible source of pain. The transverse processes 

(TPs) are also innervated by the API), and a fracture of a 

TP or a bruise to its periosteum may result in pain 

(80gduk, 1983) 

SPINE-RElATH > STRlJC11.lItES INNEltVATI�J) 

BY TilE VENTIt,\1. ){AMlJS 

PossifJIe pain genel"(l/or'i 

• Referred pain from structures innervated hy nerves 

of the lumbar plexus 

• Psoas muscle 
• QlIadr,ltlls Illmborum muscle 
• Intcrtransversarii muscles (lateral divisions) 
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Posterior Primary Divisions (Dorsal Rami) 

Discomfort such as that experienced by Mr. S may also 

arise from structures innervated by the PPDs (dorsal 

rami). These are listed in the box below. This list con

tains some of the most frequent causes of low back pain, 

including the deep back muscles, which receive noci

ceptive innervation by means of nerves accompanying 

the vessels that supply these muscles; spinal ligaments 

(nociceptors are most numerous in the posterior long i

tudinalHgament [innervated by the recurrent meningeal 

nerve] and fewest in the interspinous ligament and the 

ligamentum flavum); and the zygapophyseal joints (Z 
joints). These are all high on the list of possible causes of 

pain similar to that experienced by Mr. S .  Each of these 

groups of structures may be affected by a number of 

pathologic conditions or injuries. The muscles may be 

strained or may be affected by areas of myofascial ten

derness ("trigger points") (Bogduk, 1983; Hubbard & 

Berkoff, 1993). The ligaments may be sprained. Pain 

from the Z joints may be difficult to localize because 

each Z joint receives innervation from the PPD of the 

same level and also from the PPD of the level above 

(BogdLlk, 1976). The Z joints may be fractured or they 

may be inflamed as a result of arthritic changes. 

Discomfort can also arise from a Z joint articular capsule 

or a Z joint synovial fold that has become entrapped 

within the Z joint or pinched between the articular sur

faces (see Chapter 7). Degeneration of articular cartilage 

may produce inflammatory agents that may stimulate no

ciceptors of the Z joint articular capsules. Inactivity of 

the spinal joints, even if this inactivity is imposed on 

these joints by muscle guarding, may promote pain 

(Kirkaldy-Willis, 1988b). In addition, the spinous 

processes may be fractured or may repeatedly collide 

with one another (Bastrup's syndrome). 

STIUJCTlJRES INNERVATED flY 

TilE DORSAl. RAMUS 

Po.';slble pal" gellerator 

Medial branch of the dorsal ramlls innervates: 

• Det:pest back muscles 

• Zygapophyseal joints 

• Periosteum of posterior vertebral arch 

• Interspinous, supraspinous, anc.1 intertransverse lig

aments, ligamentum tlavum 

• Skin (in the case of upper cervical, middle cervi

cal, and thoracic dorsal rami) 

L1.teral hranch of the dorsal ramus innervates: 

• Erector spinae muscles 

• Splenius capitis and cervicis muscles (cervical re

gion) 

• Skin 

Recurrent Meningeal Nerve 

Structures innervated by the recurrent meningeal (sinu

vertebral) nerve may also be a source of back pain. The 

list in the box below identifies the structures supplied 

by tbese nerves. The periosteum of a vertebral body may 

be affected by fracture or neoplasm within the vertebral 

body. The basivertebral veins may possibly be affected 

by intraosseous hypertension, crush fractures, or neo

plasms of the vertebral body (Bogduk, 1983). The 

epidural veins may be affected by venous engorgement. 

The posterior aspect of the intervertebral disc (IVD) can 

be affected by internal disc disruption, protrusion of the 

nucleus pulposus through the outer layers of tbe anLllus 

fibrosus, or tearing (sprain) of tIle outer layers of the an

L11us fibrosus. The posterior longitudinal ligament can be 

torn (sprain) during severe hyperflexion i.njuries or may 

be pierced by an ND protrusion. The anterior aspect of 

the dura mater may be compressed by an IVD protrusion 

or may be irritated by the release of chemical mediators 

associated with internal disc disruption (see Chapter 7) 

STRllCTlJRES INNERVATED BY TilE 

RECU RRENT ME"IINGEAI. NERVE 

Poss/Me pai" gellerators 

• Periosteum of posterior aspect of vertebral bodies 

• Internal vertebral (epidural) veins and basivlTtebral 

veins 

• Epidur.d adipose tissue 

• Posterior aspect of intervertebral disc 

• Posterior longitudinal ligament 

• Anterior aspect of spinal dura mater 

Nerves Associated With the Sympathetic 
Nervous System 

Finally, recall that several structures are innervated by 

nerves that arise directly from the sympathetic trunk and 

the gray communicating rami (see the box on p. 359). 
The sensory fibers of these nerves follow the gray rami 

to the APD, where they enter the mixed spinal nerve. 

They then reach the spinal cord by coursing through the 

dorsal roots. Pathologic conditions of the periosteum of 

the anterior and lateral aspects of the vertebral body, 

which are innervated by sensory fibers traveling with 

gray rami, may result in pain. Some of the most com

mon causes of this type of pathologic condition include 

fracture, neoplasm, and osteomyelitis (Bogduk, 1983). 
Sprain of the anterior longitudinal l igament or the outer 

layers of the anterior or lateral part of the anulus fibrosis 



may also result in nociception conducted by fibers that 

course with the gray communicating rami. 

STRUCTURES INNERVATED BY NERVES 

ASSOCIATED wrn-I TIlE SYMJlATHEnC TRUNK 

AND THE GRAY RAM.l COMMl JNICANTIS 

Possible pain gelleralors 

• Periosteum of Ihe anterior and lateral aspects of the 
verlehral hodies 

• Lueral aspecI of Ihe ilHen'ertehral disc 

• Anterior aspect of the intervertehral disc 
• Anterior longillldinal ligament 

Pain Generators Unique to the Cervical 
Region 

If Mr. S was presenting with pain in the cervical region, 
other stnlctures would be included on the list of pos

sible pain generators. These include irritation of the 

nerves surrounding tbe vertebral artelY and nociception 

arising from uncovertebral "joints." 

Nociception arising from almost any stmcture inner

vatell by the upper four cervical nerves may refer to the 

head, resulting in head pains and headaches (April/, 

Dwyer, & Bogduk, 1990; Bogduk, 1984; Bogduk, 

I.:.llnbcrt, & Dllckworth, 198 1; Campbell & Parsons, 

1944; Dwyer, Aprill, & Bogduk et aI., 1990; Edmeads, 

1978). Pain originating from the region of the basioc

ciput anll occipital condyles frequently refers to the or

bital and frontal regions (Campbell & Parsons, 1 944) . 

Autonomic reactions such as sweating, paHor, nausea, al

terations of pulse, and other alltonomic disturbances 

have frequently been observed in association with dis

turbances of the subOCCipital and upper cervical 

spine. The intensity of these autonomic reactions 

seems to be proportional to the stimulus and the prox

imity of the stimulus to the suboccipital region. The 
autonomic response ranges from mild subjective dis

comforts to measurable objective signs (Campbell & 

Parsons, 1 944). 

Pain Generators Unique to the Thoracic 
Region 

If Mr. S should present with discomfort of the thoracic 

region, the costocorporeal and costotransverse articula

tions woulcl be added to the list of possible pain genera

tors (see Chapter 6). Also, a compression fracture of 

one or more of the thoracic vertebral bodies would be 

a realistic source of acute pain ariSing from the thoracic 
region. 

Dorsal Root Ganglia 
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The DRGs serve as modulators of spinal nociception. 

They contain many neuropeptides (see Chapter 9) asso

ciated with the transmission of nociception (substance 

P, calCitonin, gene-related peptide, vasoactive intestinal 

peptide) (Weinstein, 1988). These substances may be re

leased from the peripheral terminals of sensOlY nerves 

that transmit nociception. The neuropeptides may reach 

these peripheral terminals (receptors) by axonal trans

port mechanisms. The presence of neuropeptides in and 

around the receptors may "prime" the receptors, making 

them more susceptible to depolarization (Weinstein, 

1 988). 

SOMATIC REFERRED PAIN 

Nociception ariSing from any of the somatic structures 

previously listed may be perceived by Mr. S or a similar 

patient as being a considerable distance from the pain 

generator. This is known as pain referral, and the term 

somatic referred pain has been used to describe this 

type of back pain (Bogduk & Twomey, 1991) 

Several possible mechanisms of pain refem1l exist. 

Perhaps one of the most important mechanisms is the re

sult of the internal organization of the spinal corel. The 

nOCiceptive information coming in from a pain genera

tor is dispersed by either ascending or descending fibers 

that make Lip the dorsolateral tract of Lissauer (see 
Chapter 9). These fibers may ascend or descend several 

cord segments before synapsing. Thus, nociceptive in

formation, entering from several different spinal cord 

segments, converges on the same interneuronal pool. 

Therefore, this interneuronal pool receives prim,"y 

sensory information from different somatic regions (Fig. 

1 1 -2). The dispersal of incoming afferents onto different

tract neurons, in combination with the convergence 

of several different afferents onto single-tract neurons, 

may decrease the ability of the eNS to localize noci

ception (Darby & Cramer 1994; Haldeman, 1992) 

This type of dispersal and convergence may also be 

found at the second synapse along the nociceptive path

way. This synapse occurs in the ventral posterior lateral 

nucleus of the thalamus (see later discussion on pain 

pathway). 

The ventral posterior lateral thalamic nuclells projects 

to the postcentral gyrus of the cerebral cortex. The re

gion of the back is represented on a small area of the 

postcentral gyrus (sensory homunculus) of the cerebral 

cortex. This may also contribute to the poor localization 
of nociception of spinal origin (Haldeman, 1992). In ad

dition, the tract neurons for ascending pain pathways 

most frequently carry nociceptive information from cu

taneolls areas. Therefore, when the tract neurons arc 

stimulated to fire, the cerebral cortex (where conscious 
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Afferent fiber 
conveYing 

nociceplion 

FI(i. 11-2 A, Dispersion of afferents conducring nociceprion as rhey enter rhe spinal cord. 

B, Convergence of afferenrs conducring nocicep(ion ooro a (racr neuron. 

awareness of nociception occurs) may interpret the im

pulse as originating from a cutaneous region or from an

other recently injured region. Either of these regions 

may be distant to the structure that is currently damaged 

or inflamed, This phenomenon is sometimes referred to 

as pain memory (Carpenter & Sutin, 1983; Nolte, 1988; 

Wyke, 1987), 

The existence of pain referral between somatic stnIC

tures has been documented for some time (Hockaday & 

Whitty, 1967; Inman & Sannders, 1944; Kellgren, 1938; 

McCaU, Park, & O'Brien, 1979), The term somatic re-

ferred pain is currently used when disclissing pain of so

matic origin that is felt distant to the structure generat

ing the nociception (see the boxed definition on p, 361) 

This type of pain is characterized as being dull and 

aching, difficult to localize, and fairly constant in nature 

(Bogduk & Twomey, 1991), For future reference, these 

characteristics of somatic referred pain are highlighted 

in the boxes on p, 361. 

Increased tenderness to deep palpation of the back 

muscles and hyperalgesia of all innervated tissues may 

occur in areas of referred pain (Weinstein, 1988), An 

B 
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FIG. 11-2, cont'd. C, Nociception from a variety of sources 

may intluence the same pool of tract neurons. 

example of somatic referred pain is the pain arising from 

an intlamed Z jOint, which may refer to the groin, but

tock, greater trochanter of the femur, anel the posterior 

aspect of the thigh, extending to the knee and occasion

ally extending inferiorly to the leg's posterior and lateral 

calf (Weinstein, 1988) 

Activity of the muscles and the Z joints, as well as 

spinal manipulation of the Z joints, tends to decrease 

pain via a "gate control" type of mechanism (Kirkaldy

Willis, 1988b; Melzack & Wall, 1965). Therefore, if the 

, 
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pain was of somatic origin, Mr. S might benefit most 

from treatment designed to promote activity and move

ment (Kirkaldy-Willis, 1988b). At the same time, precau

tions should also be taken to avoid further compromise 

of the damaged tissue. 

SOMATIC REFERRED PAIN 

Nodception generated by a skeletal or related stnK'ture 

(muscle, ligament, zygapophyseal joint), which is felt 

in an area distant to the structure generating Ihe no

c iception 

DISH NGUISHING I-'EA 11 J1ms OF 

SOMATIC REI-'EHRED PAIN 

• Dull ache 

• Difficult to localize 
• R.1ther constant in nature 

• • • 

All the previously discussed information was quickly 

recalled even before you entered the examination room 

to see Mr. S. Just as you step into the room, you quickly 

remember the pathways for the transmission of pain. 

CENTRAL TRANSMISSION OF NOCICEPTION 

"Pain" is the perception that results from the interpreta

tion of nociceptive input by a variety of CNS stnlctures 

Gessel! & Kelly, 1991). Some of the eNS structures that 

have been implicated in this process include the dorsal 

horn of the spinal cord, ascending pathways, reticular 

formation of the brain stem, thalamus, and cerebral cor

tex. The interconnections of these areas and subsequent 

integration of the information result in the components 

associated with the sensation of pain. These compo

nents include discriminatory qualities, emotions, atten

tiveness to the painful area, ami reflex responses involv

ing both the autonomic and the endocrine systems 

(Haldeman, 1992). 

The afferent fibers that convey nociception are group 

A-delta and group C fibers. These fibers enter the dorso

lateral tract of Lissauer, located at the tip of the cord's 

dorsal horn. Some fibers continue directly into the gray 

matter of the dorsal horn, whereas their collateral 

branches ascend or descend numerolls cord segment 

levels before entering the dorsal horn (Fig. 11-2, A). The 

A-delta fibers convey nociception quickly and rapidly 

and terminate in lamina I and laminae IV through VI. The 
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group C fibers convey a dull sensation of pain at a slow 

rate and terminate in lamina II. The neurons that trans

mit the information to higher centers are located in var

ious laminae of the gray matter (see Chapter 9). Surgical 

cordotomy procedures that relieve pain have shown that 

the most important fibers transmitting nociception to 

higher centers decussate in the ventral white commis

sure and then ascend in the anterolateral quadrant of 

the cord's white matter (Hoffert, 1989). Alternative 

pathways may also be involved, although their course 

and function in humans remain unclear (Besson, 1988; 

Hoffert, 1989). 

Neospinothalamic Tract 

One of the tracts in the anterolateral quadrant is the 

neospinothalamic tract. This tract ascends through the 

brain stem to the ventral posterior lateral nucleus and 

also to the posterior nucleus of the thalamus with little 

or no input to the brain stem (Fig. 11-3, A). From the 

thalamus, axons course to the somesthetic region of the 

cortex, which is the postcentral gyrus and the posterior 

part of the paracentral lobule of the palietal lobe. As the 

axons ascend, body parts are represented in specific re

gions of the tract. This specific pattem is retained in the 

cerebral cortex such that a specific area of cortex corre

sponds to the region of the body from which the sensol1' 

fibers originate. This cortical representation is referred 

to as the sensol)' homunculus. The size of the body part 

represented on the homunculus reflects the amount of 

sensol1' innervation devoted to that body area. As previ

ously mentioned, this unequal neuronal representation 

may be one reason that localization of sensations, such 

as pain, is more difficult in one region (e,g" back) than 

in another (e.g., finger tips or lips). The neospinothala

mic tract ends by synapsing in the region of the sensol1' 

homunculus, This tract and the region of the sensol1' 

homunculus provide the basis for the discriminatory 

qualities of pain sensation. These qualities include stim

ulus intensity and spatial localization. 

Paleospinothalamic and Spinoreticu1ar 
Tracts 

Two additional tracts that ascend in the anterolateral 

quadrant are the paleospinothalamic and spinoreticular 

tracts (Fig. 11-3, B and C). The paleospinothalamic tract, 

which ascends through the brain stem and probably 

contributes collateral branches to the reticular forma

tion, terminates in the midline and intralaminar thalamic 

FIG . 11-3 Ascending spinal cord tracts associated with noci

ception. The neospinothaJamic tract, A, is associateci with lo

calization of nociceptive stimulation. This pathway is also as

sociated with the evaluation of the intensity of nociceptive 

stimulation. 

Postcentral gyrus 
of cerebral cortex 

Ventral posterior 
lateral nucleus of 

thalamus 

Afferent neuron 
conveying 

nociception 
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Midline and 
intralaminar 

thalamic nuclei 
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Reticular formation 

FIG. 11-3, cont'd. The paleospinolhalamic tract, B, which sends coUateral branches into the brain ste'm reticular formation, and 

spinoreticular tract, C, are most likely associated with the evaluation of nociceptive input as being unpleasant (painful). They both 

project to widespread areas of cerebral cortex and are associated with the body's autonomic response to nociceptive stimuli (e.g., 

increased sympathetic stimulation). 

c 
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nuclei .  From these nuclei,  thalamic fibers travel to re

gions associated with the l imbic system and to wide

spread areas of cerebral cortex, including the or

b itofron tal region . 

The spi noreticular tract ascends to t he reticular for

mation of the brain stem. The reticular formation is a 

complex network of neurons located throughout the 

core of the bra in  stem. It has numerous functions a nd is 

a major component, a lo ng with t he thalamus and the 

cerebral cortex, of the ascending reticular activating sys

tem (ARAS). Th e ARAS provides t ile circuitry through 

which arollsal and a ttentiveness are maintained. The 

tract neuro ns synapsing in  the reticular formation form 

complex connections with in  this region and subse

quently project to brain stem nuclei ,  the hypothalamus, 

and the midline and intra laminar nuclei of tile thalamus. 

Subsequent thalamic projections course to widespread 

areas of cerebral cortex. 

The paleospinothalam ic a nd spinoreticular tracts pos

sess similar characteristics, including projections to the 

same regions of the thalamus. These thalamic regions, in 

turn, project to nonspecific a reas of cerebral cortex.  

Another s imilarity is that neither tract is  somatotopically 

organized . Both the spinoreticular and the paleospino

thalamic tracts may be involved with the generation of 

chronic pain a nd the qualities associated with that sen

sation . The response of the brain to painful stimul i  is 

quite intricate. 

The perception of pain takes place in  the thalamus, 

postcentral gyrus, frontal cortex (affective component), 

and temporal cortex (memory of previous pain compo

nent) (Kirkaldy-Willis,  1 988b). The u npleasant emo

tional response associated with pain seems to be associ

a ted with the limbic system. The l imbic system a l lows an 

i nd ividual to perceive a sensation as being u ncomfort

able, ach ing, or h u rting (Haldeman, 1 992) The focusing 

of the ind ividual 's  attention on the painful area is most 

l ikely a function of the ARAS. 

CONTROL OF NOCICEPI10N 

Segmental Control 

The neurotransmission of nociception can be modu lated 

at the segmental level (Fig. 1 1 -4). This mechanism has 

been known to exist since M elzack and Wall ( 1 965) pro

posed the gate control theory. Since then the dorsal 

horn, and especially the su perficial dorsal horn, has been 

extensively investiga ted . The data from this research 

have led to numerous questions concerning the detai ls 

of the gate control theory,  and subsequently the theOlY 

was revised. However, the general concept of the gate 

control theOlY appears to be accepted (McMahon, 1 990; 

Willis & Coggeshal l ,  ] 991).  Briefly, this theory states 

that increased activity of large-d iameter low-threshold 

afferenrs, relative to the activity of small-diameter affer-

ent fibers, competitively inh ibits the transmission of 

nociception to Iligher centers. This concept has led to 

effective therapies for relief of pain, such as transcuta

neous nerve stimulation and dorsal column stim u lation 

(McMahon, 1 990) 

The inhibition of the tract neurons conducting noci

ception most l ikely comes fmm a population of in

terneurons located in lam ina II (substantia gelatinosa). 

Many of these interneurons lise enkeplwJins as neuro

transmitters. These interneurons receive excitatory in

put (pOSSibly indirectly) from large-diameter fibers. The 

interneurons, in turn ,  inhibit the p rojection (tract) neu

rons (Basbaum ,  1 984). A balance between this inhibitory 

input a nd the excitatory input from small-diameter fibers 

is l ikely to be required for the normal pmcessing of no

ciception (McMahon, 1 990). This balance is pmbably 

the result of modulation o riginating from the complex 

Circuitry of the superficial dorsal horn.  Further research 

is necessary to clarify this circuitry and its relationship to 

the descending input from regions in the brain stem (see 

fol lowing discussion) 

Supraspinal Control 

Evidence from studies in which electrica.1 stimulation of 

regions of the brain stem produced analgesia (Rasbau l11 

& Fields, 1 978) indicates that descending pathways can 

modulate nociceptive Signals. One of the components of 

this endogenous pain control system is the periaqueduc

tal gray matter (PAG) of the midbrain.  This region has a 

major projection to the nucleus raphe magn us, which is 

located in t he midline of the rostroventral medu l la (Fig. 

1 1 -4). This nucleus is rich in the neurotransmitter sero

tonin. From this region, serotonergic fibers course into 

the dorsolateral funiculus of the spinal cord (raphe

spinal tract) and many fibers synapse on neurons in the 

su perfi cial dorsal horn (lami nae I and II) .  The superfiCial 

dorsa l horn is also the region that receives input from af

ferent  fibers conveying nociception. In addition. it is the 

location of the origin of the spinothalamic tracts 

(Basbaum & Fields, 1 978; ]essell & Kelly, 1 9 9 1 )  and the 

area involved with the segmental mod ulation of lwci

ception (see previous discussion). Descemling fibers 

synapse on several types of neurons. These include 

enkep halin (an opioid peptide) containing inhibitory in

terneurons ami also the nociceptive projection neurons . 

The opioicl-containing inhibitory interneurons are close 

to both primary nociceptive afferents and the tract neu

rons. In fact,  the a fferent end ings and the dendrites of 

the tract neurons both contain opioid receptors (Jessell  

& Kel ly, ] 991) .  Pharmacologic studies have shown that 

the release of opioid peptides from the inhibitory in

terneurons block transmission of nociception by t\vo 

mechan isms (Fig. 1 1-4). One mechanism is by binding to 

receptors and b locking the release of neurotransmitters, 
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FIG. 1 1 -4 Modulation of nociception in the spinal cord . 

Notice that local aJferents conducting impulses from mechano

receptors and descending fibers from the nucleus raphe mag-

Nucleus raphe 
f----'-lc-+---J'l-- magn u s 

----�------�--
��put from mechanoreceptors 

Input from nociceptors 

nus of the medul la  are capable of inJlibiting the tract neurons 

that conduct nociception. This modulation 01' nociceplion is 

accomplished by means of intemeurons. 
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such as substance P, from the primary afferent fibers, 

Although direct axoaxonic synapses between enkeph

aJin neurons and the primary afferent fibers have not yet 

been found , enkephalins may possibly bind to receptors 

by diffusing from their site of release to the presynaptic 

membrane of the primary afferent fiber (Basbaum, 1987; 

Besson, 1988; ]essell & Kelly , 199 1 ) ,  

The second mechanism by which inhibitory interneu

ron5 can mediate spinal neurotransmission of nocicep

tion is by directly synapsing with the postsynaptic mem

brane of the tract neuron (Fig , 1 1-4), This occurrence 

has been well documented (Basbaum , 1987; Besson, 

1988; ]essell & Kelly, 1 99 1 ). Through these connections, 

nociceptive transmission is prevented , Therefore analge

sia can be produced by neural stimulation, Analgesia can 

also be produced by the administration of opiates into 

the CNS, The areas activated by the opiates are the same 

as those that produce analgesia when electrically stimu

lated, that is ,  the PAG and the rostroventral meduila, 

This lends credence to the tbeOlY that endogenous opi

oid peptides, which have been found in the brain, can 

activate the descending system (JesseU & Kelly, 199 1) ,  

In  addition to the serotonergic descending pathway, 

other fibers descend from the pons (Basbaum, 1987; 

Hoffert, 1 989) and appear to be involved with control of 

the nociceptive system , These descending fibers contain 

norepinephrine and also appear to inhibit nociception at 

the dorsal horn level. However, at the same time, collat

eral branches of these fibers synapse on the serotonergic 

neurons of the raphe nuclei, The subsequent release of 

norepinephrine at this level results in "tonic inhibition" 

of the raphe-spinal neurons (Basbaum, 1987), Thus both 

systems provide a descending component to the mecha

nism for controlling pain , Feeding into these two sys

tems is the nociceptive information transmitted through 

the ascending pathways (Basbaum & Fields, 1978). 

These ascending p athways possibly include the spino

mesencephalic tract and input from the reticular forma

tion (see Chapter 9), Also possibly feed ing into the two 

descending systems is streSS-induced input channeled 

through the limbic system and hypothalamus (Jessell & 

Kelly, 199 1 ) ,  

• • • 

After a brief pause to review the nature of mechanical 

back pain, you enter the room to greet Mr. S, You are 

now mentally prepared to consider the pain that has 

bothered him for the past 3 years, 

DIFFERENTIATION BETWEEN PAIN OF 
SOMATIC ORIGIN AND RADICUlAR PAIN 

On meeting Mr. S ,  you notice that he is not seated in 

your consultation room but instead is standing and is 

partially supporting himself on the edge of the desk 

locat ed near the center of the room , Mr. S appears to be 

in great pain, As you approach, he lets go of the desk and 

slowly reaches to shake your hamL You notice that in 

doing so, he leans dramatically to the right and has his 

left hand placed along his left buttock , You have read 

Mr. S's account of his chief complaint and have noted 

that he has been experiencing rather mild low back pain 

on and off over the past 2 years, However, this morning 

while unloading his truck (Mr. S drives a truck for a 

prominent soft drink manufacturer, and his job reqUires 

him to deliver the soda to grocelY and convenience 

stores), he heard a "pop, " and shortly thereafter felt ex

treme pain in his back that shot " like a lightning bolt" 

down his left leg (Fig , 1 1 -5). During your questioning, 

Mr. S states the pain is a dull ache in his low back region 

(he moves his hand around a rather large area of his 

lower lumbar region and into his left buttock), He goes 

on to say that the lightning bolt pain is "on and off' ancl 

extends (he points) into his left posterior thigh and leg 

and the lateral aspect of the sole of his left foot. You 

carefully question Mr. S about somatic and visceral symp

toms of the head and neck, thorax, abdomen, and pelvis 

and other possible injury to his lower extremity Your 

inquiries reveal tlut he has had no Significant d ifficu.ities 

or symptoms arising from these regions, 

Your physical exam ination reveals Me S to be an indi

vidual who, his present state excluded, is physically fit. 

His vital signs are normaL Chest and abdomen are nor

mal to palpation, percussion, and auscultation, ancl he 

has no palpable inguinal hernia, Rectal examination is 

normaL Examination of his head, anterior neck, and cer

vical and upper thoraCic regions are normaL Cranial 

nerves and upper extremity sensation, reflexes, and mus

cle strength are all normaL 

Mr. S has a great deal of muscle guarding during your 

examination of his lumbar region, You note marked 

tightness of his erector spinae muscles (possibly hyper

algesia), and he is particularly sensitive to percussion 

over the L5 spinous process , Reflexes, sensory findings 

(pinpri ck, ability to identify touch from a cotton swab, 

vibration sense) , and motor strength of his right lower 

extremity are all normaL His left extremity reveals velY 

slight weakness of plantar flexion, slightly diminished 

Achilles reflex , and d im inished sensation to pinprick and 

to a wisp of cotton along the posterior leg and lateral 

aspect of the sole of the left foot . Nerve tension signs 

(straight leg raising and well leg raising) are positive (400 

on the left and 60° on the right), reproducing the light

ning bolt pain that extends clown the left lower extrem

ity into the sole of the left foot. 

Because of his antalgic posture, deSCription of a sharp 

stabbing pain, positive nerve tension signs, decreased 

sensation, and diminished Achilles reflex . you strongly 

suspect that Mr. S has a disc bulge or possibly a disc 

herni ation of the L5-S1 disc. You believe the disc is 
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compressing the S I dorsal and ventra l  nerve roots (Figs. 

1 1 -;; ,  1 1 -6,  and 1 1 -7) . Compression of this kind results i n  

a type o f  pain frequently encOlU1tered i n  cl inical p rac

tice, known as radicular pain.  Radicular pain is caused by 

activation of sensory fibers at tbe level of the dorsal root 

or DRG. It  is experienced as a thin band of sharp,  shoot

ing pain along the d istribution of the nerve or nerves 

supplied by the affected dorsal root (see boxed defini

tion).  

Some of the causes of radicular pain include IVD pro

trusio n ,  spinal (vertebral) canal stenosis (see Chapter 7), 
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FIG. 1 1 -5 Pain radiating i nto the lower extremity, A, as a re

sult of an i n tervertebral disc protrusion, B. A d isc bulge is 

shown compressing lhe dorsal  (and ventral) roots. This is one 

mecha n ism by which tile sensation described as pa i n (and re

ferred to as racl icular pain) may be fel t  rad ia ti.ng into the lower 

extremity. The sensation of pain may also be felt in the lower 

extremity after in jury to or palhologic conditions of somatic 

structures (e . g . ,  zygapopllysea l joinb, l igaments,  deep back 

muscles). The term somatic referred jJain has been lIsed ro de

scribe rad iat ing discomforT produced hy t h is latter mechanism 

(which i s  not demon strateci in this figure). 

and other space-occupying lesion s .  The l ist in t he box on 

p. 368 shows several additional causes of radicular pain,  

RADlCULAR PAI N  

Pain arising from t h e  dOl�Wll rool or l h e  dorsal root gan
glion; Usually causes pain to be referred a long a por

tion of the course of the nerve or nerves formed by 

the affeCled dorsal root. This is known as a tlt:r
mammal pallern. 

B 
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I n tervertebral disc protrusion 

Fie • .  1 1 ·6 Computed tomogra p h y  scan of the lower l u mbar 

regi o n .  Notice that a protrusion of the in tervertebra l e1isc can 
be seen o n  this horizontal i mage, 

and the most likely mechanism of radicular pain is 

shown i n  the box o n  p ,  369. Note that pressure o n  the 

D RG eventua l l y  restl lts i n  decreased blood now to sen· 

sory nerve cell bodies, which results in neural ischem i a ,  

ami t h e  neu ral ischem ia is perce ived as radicular pain 

( Rydevik , Myers, & Powel l ,  1989). 

STRt' CTLJRES A:\D CO:\D1T10NS TI I AT <':A."'II 

I RRITA1": TilE DORSAl. ROOTS (OR G,\NGU,\) 

l )isc lesion 
Abscess (osteomyelitis and tuberculosis) 

TUl1lor of the spinal canal 
Spondyh>1isthesis 

M alformation of the vertebra] canal 

Malformation of the spinal nerve root and its sheath 

M iscellaneous diseases of bone 

Histamine-like chemicals released from degenerating 

intervertebral d isc 

Moliilied from Bogcluk. ( 1 976) Med J AlISI, 1. H7H·HH I ,  

However, mechanical deformation affects not only 

the nerve fibers within the dorsal root, but a lso the 

blood vessels and connective tissue elements associated 

with the root (Dahl in et a I . ,  1 992) The spinal  cord and 

nerve roots are more susceptible to compression than 

the p eripheral nerves. Wei nstein ( 1 988) has stated ,  

"The intensity o f  the pain and its radicular nature 

are dependent on the strength of the stimulus" (i .e. , 

amount of compression) . 

fiG. 1 1 ·... The i n n e rvation of the intervel1ehral d isc in 11Ori

zon tal  sect ion . A, Neura l element s  have been drawn onto a 

horizontal magnetic resonancc i mag i ng scan. The top 01 the il

lustration b an terior and the bottom is  posterior. N umbers in

dicate the fol lowing: J, sym pa thet ic ganglion: .2, gray ra mus 

communic' 1s; ,) , branch of the gray r;llllUS coursing toward 
the imervertebral t(>ramen to contri bute to the l'eCUlTem 
meningeal (sinuvertebral) nervc; 4, anterior primary d ivision 

(ventral ramus); 5, mcd ial branch of posterior pri ma ry division 

(the lateral  branch is  seen courSing to the reader's right of the 

medial  branch; G, dorsal root (sp i nal) gang l ion and dural root 

sleeve (red) w i thin the intervenebral foramen ; 7, recurrent 
men i ngeal  (sinuvertebral) l1l'[\ c :  8, ca uda equina (yelluw) 

with in tl1e cerebrosp inal l1 u id (blue) of t ile lumbar cistern of 

the subaracl1l1oid space; y, zygapophyseal joint .  I otice that the 

intervertebral disc is  rece ivi ng innervation from branches of 

the sympathetic gang l ion ( an teriorly) , gl';]y communica t i ng ra

mus (latera l l y' and postero[atera lly) ,  and the recurrent 
meningeal nerve (po�teriorly). Also notice that the zygapophy

seal jOint is receiving in nervation from the medial branch of 

the posterior primary d ivision, (Photograph by Ron j\kl1�c h i ng 

and illustration by Dino Juarc'z, The I ational College of 

Chiropractic . )  

The IVf ne rve roots m a y  respond t o  pn':sslire diJfer· 

ently than th ose comprising the ca uda equina of l ile 

spi na l  canal . The cauda equina may be more sensit ive W 

compression than the dorsal roots (Dahl in et a t . ,  1992) ,  

a n d  even a small a mount o f  pressure (compression) may 

A 
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I n tervertebral d isc protrus ion 

FIG. 1 1 -7, cont'd. B, Magnetic re,onanee imaging scan per

fo rmed in rhe i Jorizontal plane, slJowing an intervertebral dbc 

protrusio n .  

MECHANISM OF RADICULAR PAIN 

Pre,sure on dorsal root or dorsal root ganglion 

t 
hlulla within the nerve" 

t 
Further edema and hemorrhage within 

the dorsal rooL ganglion 

t 
Ikcn'ased hlood tlmv [0 sensory nerve edl bodies 

t 
Ischemia of neural elements 

Ischemia percdved as PAl 

produce venOLlS congestion of the intrane ural microc ir

cu lation of nerve roots in the cauda cqu ina (Olmarker. et 

a i ,  1 989). Ki.rkaldy-Wil l is  (l 988b) stared: 

Compromise of t he cauda eq uina as a result of spi n a l  steno

sis may result i n  unusual sensations which may ht' "hiz:1rrc ' in 

na t u re and may affect one or both limbs. .. l ie may say that 

the legs feel as t hough they do not belong to h i m . . or arc 

made of ruhber. 

When a dorsal nerve root is afJcctcd , other sensory 

ami even mutor modal ilies are also in fluen ced (see the 

box a t upper right) .  Therefore, radicular pa in lIsually is 

accompan ied by paresthesia, hypest h  sia,  and decreased 
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reflexes (because r he sensory l i m b  of the deep tendon 

reflex is a ffected). Because the dorsal root and ventral 

nCTVC root are adjacent to each other, compression of 

the dOl-sal root is lIsual ly accompanied by cumpression 

of the ventra l nerve root as well .  Compression of the 

ventral root results in motor weakness. Therefore, radic

ular pa i n  may be accompanied by motor weakness (see 

the box b low). 

DlSTINGtJISHING FEATURES 

OF RADICULAU PAIN 

• Sharp, shooting t ype of pain a long t h e  distribution of 

the nerve(s) supplied by the affecred dorsal rool 
Long radi at ion into the upper or lowel- extremity ( a l

though this does nut necessarily have 10 he the case) 

• Pai n  coursing alo ng a fa irly t h i n  band 

• Pain accompanied by IXlresth esia , hypesthesia, and 

decreased reflexes 

• Pain may be accompanied by motor weakness (as a 

result of compromise of the ventral [oots) 

In addition to the radicular signs and sym p toms j ust 

discllssed , Mr. S also has diffuse low bac k pain.  This 

leads you to suspect he may be experiencing two diffe r

ent  types of pa in , somatic referred and radicu lar pain . 

Recall  that piL in  of somatic o rigin d isplays certain char

ac teristics . Some of the general ized d iscomfort experi

enced i n  a patient e xemp l iflC::d by Mr. S may be emanat

ing from a lesion of a somatic structu r '. Since on ly r hose 

stmctures innerva led by nociceptive nervI;: cnd ings are 

capable of producing pain, a review of possible somatic 

pain generators is useful (see pr - 'violts boxes). 

Our prototypical patient, Mr. S, a lso appears to be 'x

pericncing pa i n and some loss of function reSUlt ing from 

irritation of the S I  nerve root�. Therefore, Mr. S is si

m u ltaneously experienc i ng both radicular pain and pa in 

arising from somatic structures. This is not unusua l .  Pai n  

of sp i na l origin frequently arises from more than one 

pa in generator. In addit ion , the referral zones of somatic 

refe rred pain and radicular pa in frequently overlap.  A pa

tient with the symptoms and signs described for Mr. S 

cou ld be experiencing somatic r<.:ferred pain originati ng 

from th e posterior aspect of the a n u i lls librosL1s, th e pos

terior longitudinal ligamen t , and the a n t e rior aspect of 

the d u ral root sleeve. The nocicept ive inp ut from these 

srructures is carri ed by t he recurre n t m 'ni ngcal nerve to 

the dorsal horn of the spinal cord and then fol lows the 

previously described pat hways to higher centers. 

The radicular pa in and functional d e ficits (decreased 

Achi l les reflex and loss of plan tar flexion) of the left 

lower extrem i ty described in Ulis part icu lar case are 

caused by compression of the S l  nerve roots between 
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the b u lging L') IVD and the left superior art icular p rocess 

of S I .  The mechanism of nociception arising from com

p ress ion of the dorsal root, as well as the mechanism of 

the loss of motor function from compression of the ven

tral root, are described earlier in this section . 

Interaction Between the ZygapophyseaJ 
Joints and the Intervertebral Discs 

Even though the zygapop hyseal joints are probably not 

the p ri mary source of bac k pai n ,  i n  the case o f  Mr.  S ,  the 

structu res o f  the posterior vertebral arch,  and partiClI

larty the Z joi nts, may a lso contribute to rad icu la r  pain of 

discal orig i n .  This is  because Z joint facet arth rosis may 

further decrease the space available for the exit ing nerve 

roots (Kirka ldy-WiUis ,  1 988a) (Fig. 1 1 -8). Chapter 7 d is

c usses the role that may be p layed by facet arthrosis in 

the development of spina l (vertebral) canal stenosis and 

of I VF stenos is.  

The reverse is also trlle.  D isc degeneration may lead to 

increased stress on the Z joi nts.  T h is can result in so

matic pain,  not origina ting from the articular cartilage 

hut from p ressure on the subchond ra l  bone u nderlying 

the a rt icular ca rti lage. The added p ressure on the Z 

joi nts seconda!)' to disc degenera tion may also result  i n  

a small  piece of soft tissue (art ic ular capsule or zy

gapophyseal joint synovial fold) being n ipped between 

the facets ( H u tto n ,  1 990). 

Recall that l u mbar rad i c ulopathy may be ca used by 

chem ical irritatio n  (see Chapter 7). This has been repro

d uced oy selective nerve sheath injection with hyper

tonic sal i ne (Rausc hn ing, 1 987). In a dd itio n ,  escape of 

rad iopaque contrast med i u m  i nto the nerve root canals 

has been repeatedly observed d u ri ng facet joint  arthrog

raphy. Since extra,lIticu lar synovial flu i d  is known to 

have strong tissue-irritating properties, Ra uschning 

( 1 987) believes that "leakage of synovial fluid from rup

tured intraspinal  synovial cysts or weakened facet joint  

capsules may ca use pain and possibly transient nerve 

root dysfunction.  
,. 

Therefore, s imu ltaneous rad icLllar pain and somatic 

pain arising from tl1e Z joints are a rea l  p ossibi l i ty 

(Fig. 1 1 -8) 

Other Considerations 

Pai n  referral is related to the embryologic origin of pain 

generators. Reca l l  that paraxial mesoderm, which sur

rounds tbe embryonic neural tube, condenses to form 

paired somites. Each somite subcl ivides into a der

matome (to form dermis), myotome (to f0l111 muscle), 

and sclerotome (to fo rm the vertebrae, Z joints, the liga

ments between the vertebrae, and the anulus fibrosus of 

the IVDs) . Some autbors state that in addition to typical 

clermatomal referral patterns, pain a riSing from DRGs or 

dorsa l roots may a lso refer along myotomal or sclero

tomal clistributions (Weinste in,  1 988). Some embry

ologic myotomes m igrate and fuse with one another. 

Therefore, myotomal patterns of pain referral may be 

quite large. This i s  exemplified by the large erector 

spinae m u scles. The deeper muscles, such as the trans

versospinalis group, interspinales, and intertransversarii 

muscles, remain more segmental in distribution and in

nervation . However, even t he smal ler m uscles and the 

sma ll joi nts of the spine frequently receive i nnervation 

from more than one spinal nerve. This overlap of seg

mental innervation con trib utes to broad referral patterns 

of somatic pain a risi.ng from the deep back structures. 

• • • 

You foclls your care of Mr. S on h is d isc p rotrusion 

with rad icu lopathy, and d u ring the next few wee ks, he 

responds well to your treatment.  After your investigation 

and treatment of MI'. S ' s  pain, you decide that,  by reignit

i ng your i n terest in the mechanism of back pain,  MI'. S 

has p rovided a service to you almost of equal va lue to 

the help you have been to h i m .  

Suggested RC.ldi ngs 

The work of Bogd uk and Twomey ( 1 991)  provides a 

clear, well-organize d ,  a n d  well-referenced accouflt of 

structures of the spine receiving nociceptive innerva

tion.  It also describes the mechanisms, as best as they are 

u n derstood , of somatic referred and rad icular pain.  The 

books of Kirkaldy-Wil l is ( 1 988) and Haldeman ( 1 992) 

provide excel lent corre lations between the basic sci

ence considerations of pain of spinal origi n and clinical  

practice. 
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FIG. 1 1-8 Fordminal encroachment from a variety of sources (arrows), intervertebral disc 

narrowing, intervertebral disc bulge, and zygapophyseal joint arthrosis. Notice that as the two 

vertebrae approximate each other, because of the disc narrowing, the more superior body also 

shift.s slightly posteriorly. 
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CHAPTER· 12 

Development of the Spine 
and Spinal Cord 
William E. Bachop 

The Blastocyst 

Development of the Notochord and Associate(1 Structures 

Neural Tube 

Development of the Autonomic Nervous System 

Development of the Dorsal and Ventral Roots 

Development of the Meninges 

Somites and Development of the Back Muscles 

Development of Other Muscles Related to the Spine 

The Sclerotome 

Development of the Vertebrae 

Hemivertebra and Spina l::Iihda 

Notochord and Intervertebral Discs 

Spinal Ligaments, Zygapophyse<ll Joints, <111d Sacroiliac 

Joints 

Vessels of the Back ami Spinal Cord 

Arteries of the Back 

Veins of the [lack 

In the early human embryo, the back can be deli.ned op

erationally as what lies displayed by a plane passed from 

side to side, or from head to tail, between the floor of the 

amnionic cavity and the roof of the yolk sac cavity (Fig. 

12-1). As yet, no complete body wall (no sides, no front) 

exists, only the back (Brash, 1951b). The primitive back 

is present from the beginning of the embryo, and it con

tains all the primordia that make lip the definitive back: 

the surface ectoderm; the neural tube; the neural crest; 

and the mesoderm, which consists of the notochordal, 

paraxial, intermediate, lateral plate, and mesenchyme. 

Its posterior boundary is the surface ectoderm flooring 

the amnionic cavity, and its anterior boundary is the en

doderm roofing the yolk sac cavity. 

THE BlASTOCYST 

The human begins as the fertilized egg, which cleaves it

self into smaller and smaller units, each carrying all the 

genetic information needed to build any tissue or organ 

in the body (Williams et aI., 1989). The resulting cells at 

first form a solid sphere, but rearrangement and contin

ued cell di.vision produce a hollow sphere kno wn as the 

blastocyst (Patten, 1964). The latter is a s ingle cell layer 

thick except at one pole, where tbe cells form into a disc 

that is several cell layers thick (Brash, 1951 b) (Fig. J 2-2, 
A). This disc is called the inner cell mass to distinguish it 

from aU the other cells, which are referred to collec

tively as the trophOblast (Mossman, 1987) 

The inner cell mass and the trophoblast have different 

fates. The former go on to form the embryo proper. The 

latter can be likened to an embryonic scaffolding tllat 

eventually is dismantled or discarded. Hefore that hap

pens, trophoblast cells proliferate by mitosis until they 

are several cell layers thick. The innermost layer of the 

trophoblast mentioned earlier is still lining the blastocyst 

cavity. It remains ceHular and is ca.lled the cytotro

phoblast (Baxter, 195:'». The cells in the outermost layer 

begin to lose their cell membranes, thus forming a syn· 

cytium known as the syncytiotrophoblast (Williams et 

aI., 1989) (Fig. 12-2, B). This syncytium releases prote

olytic enzymes that enable the blastocyst to digest its 

way into the lining of the uterus, called the endome

trium. Once the blastocyst has sunk into the uterine wall 

and is completely surrounded by endometrial tissue, it 

has left forever the cavity of the uterus. That cavity is it

self soon obliterated by the walls of tile uterus fusing 

with each other (Moore, 1988). Tbe implanted blasto

cyst does not leave that uterine wall until it bursts out in 

the form of a newborn (Beck, Moffat, & Davies, 1985). 

Meanwhile, the inner cell mass also has been changing 

(Williams et aI., 1989). A space, the first sign of the 

amnionic (amniotic) cavity, has appeared within it (Fig. 

12-2, B). The latter can be thought of as being enclosed 

by walls, a roof, and a floor (Langebartel, 1977). The roof 

and walls become the amnion. The floor becomes the 

dorsal surface of the embryo and later transforms into 
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FIG 1l-1 Cross section of the primitive back. 

the outer layer of the skin on the newborn's back 

(Sadler, 1990). By this time the inner cell mass is at

tached to the cytotrophoblast by only a narrow bridge of 

cells that is called the connecting stalk (l;ig. 12-3). The 

connecting stalk marks the tail or caudal end of the em

bl)'O just as the amnion marks its dorsal surface. A close 

observer would note that cells in the inner cell mass 

have grouped themselves into two layers (Fig. 12-2, B). 
One layer floors the amnionic cavit), and is called the ec

toderm. The other layer roofs the blastocyst cavit)' and is 

called endoderm (Robertson, 1966). This endoclermal 

layer becomes conti.nuous with a thin transient layer 

of cells that by some arcane process has come to line 

the blastocyst cavity. AU these cells separate from the 

cytotrophoblast, and tbe end result is the formation 

of a sac made up of emlodennal cells. This sac is SLlS

pemled from the endodermal layer of the bilamlnar 

embryonic elisc and is called the yolk sac even though 

it contains a negligible amount of yolk (Scammon, 

19'53) The yolk sac is composed of a single layer of 

------\-+\---yolk sac cavity 

cells that separates the yolk sac cavit)' inside it from 

what remains of the blastocyst cavity outside it (Snell, 

1975) (Fig. 12-3). 
The cytotrophoblast next buds off cells that deposit 

themselves on the outside of the yolk sac, where they 

make up a layer called extraembryonic splanchnic meso

derm (Moore, 1988). They settle on the outside of the 

amnion as well, ami there they form the layer called 

extraemblyonic somatic mesoderm. Other cells pro

duced by the cytotrophoblast remain adherent to it as a 

lining layer likewise called extraembl)'onic somatic 

mesoderm (Fig. 12-4). The triple layer, consisting of the 

cytotrophoblast sandwiched between the syncytiotro

phoblast and the extraemblyonic somatic mesoderm, is 

called the chorion and is derived completely from tbe 

trophoblast (Goss, 19(6) That means the caVity inside 

the chorion actually corresponds to the previous blasto

cyst cavity (Sacller, 1990). To recognize the changes that 

have occurred, sllch as the appearance of the yolk sac 

and the extraemblyonic mesoderm, the cavity witbin is 
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renamed the extraembryonic coelom and is also referred 
to as the chorionic caviry (Goss, 1966) (Fig, 12-4). 

While all the foregoing changes have been taking 
place, the floor of the amnionic cavity has been chang
ing as well (Williams et aL, 1989) The ectodermal floor 
has been thickening along its length in the midline into 

what is called the neural plate, that is, the primordium of 

the entire nervolls system (Arey, 1965). A groove nm5 

the length of the neural plate, with two folds flanking it. 
This neural groove deepens and sinks below the surface, 
and the neural folds close over it, thus forming a hollow 

tube of ectoderm called the neural tube (Scothorne, 

1976) (Fig. 12-5). The neural tube is the primordium of 

the brain and spinal cord and some motor neuroblasts. 
Some of these neuroblasts develop processes that grow 

out from the neural tube as components of the periph

eral nervous system to reach skeletal muscle. Processes 
of other motor neuroblasts grow out toward smooth 
muscle, cardiac muscle, and glands and form elements of 

the autonomic nervous system (Langebartel, 1977). The 
amnionic cavity still has a floor, but the cells of the floor 

now have different fates. Some are destined to form the 

epidermis (the surface layer of the skin) and are named, 
appropriately , surface ectoderm, Others are destined to 

form mesoderm and must invaginate (Allan, 1969). 
Lying between the amnionic floor cells and the neural 

tube are some ectodermal cells that had invaginated 

along with the neural tube but had remained apart from 
it (Romanes, 1972a ami b). They are known collectively 
as the neural crest (Fig, 12-5) and give rise to many im
portant components of the nervous system: all sensory 
neurons, all postganglionic autonomic neurons, and all 
ganglia, both sensory and motor (Scothome, 197(i). 

DEVELOPMENT OF THE NOTOCHORD AND 
ASSOCIATED STRUCTURES 

The cells of the neural crest and neural tube are not the 

only cells that have been invaginating through the floor 
of the am11ionic cavity. More caudally, other cells have 
also been disappearing below the surface near the COIl

necting stalk at a site known as the primitive streak 
(Hamilton & Mossman, 1972) (Fig. 12-6) As if on a down 
escalator, these cells disappear from view, hut then 
move in all directions between the ectoderm above 
them and the endoderm below them. This process is 
known as gastrulation. These in-between cells form a 
middle layer called mesoderm, or middle layer, since 
they lie dot'sal to the roof of the yolk sac and ventral to 
the floor of the amnionic cavity. Those moving superi

orly in the midline toward the future bead turn into a 

structure known as the notochord (Figs, 12-1 and 12-8). 
The notochord marks the longitudinal axis of the em
bryonic body. The vertebral column later occupies this 
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site, and by then the notochord has turned into the part 

of the intervertebral disc known as the nucleus pulpo

sus. The mesoderm lying just lateral to the notochord 

parallels the embryonic axis and is calJed the paraxial 

mesoderm. The paraxial mesoderm soon subdivides into 

segments known as somites, which are major con

tributors to muscles, bones, and skin. Just lateral to 

the somites on both sides of the embryo, other meso

dermal cells have formed into a stmcture referred to as 

intemlediate mesoderm. Its other name, nephrotome, al

ludes to its eventual role in kidney formation (Figs. 12-1 

and 12-9) 

DUling the next several weeks, the amnion undergoes 

a series of folds creating the embryo's body waU (Fig. 

12-7). At the same time, the embryo's primitive gut is 
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formed from derivatives of the yolk sac. The embryo's 

body cut in cross section now appears as two concentric 

rings. The inner ring is splanchnopleure; the outer is so

matopleure (Goss, 1966) (Fig. 12-9). The outer ring ac

tually has the shape of a jeweler's signet ring. Tucked 

close together inside the Signet part are the neural tube, 

neural crest, notochord, somites, intermediate meso

derm, and mesenchyme (Fig. 12-9). The signet part cor

responds to what is variously called the back, the poste

rior body wall, and the posterior abdominal/posterior 

thoracic waU (Callander, 1939; Davenport, 1966; Grant, 

1952). 

During the same time, morphogenesis has progressed 

to the point that the primordia for the spinal cord, ver

tebral column, associated soft tissues, and the sympa

thetic nervous system are all in place. 

NEURAL TUBE 

One of these primordia, the neural tube, has already or

ganized itself into a brain and spinal corel. The compo

nent cells are called neuroectoderm as a way of distin

guishing them from the ectodermal cells that remained 

on the floor of the amnionic cavity (the surface ecto

derm). Some neuroectodermal cells differentiate into 

macroglioblasts and others into neuroblasts (Clark, 

1951). The latter soon take on the characteristics of a 

neuron-to-be (Williams et aI., 1989). A blob of proto

plasm, the future nerve cell body, contains the chromo

somes. The cytoplasm streams out into fingerlike pro

jections that become axons and dendrites (Sadler, 1990). 

Sometimes the cytoplasmic processes merely connect 

one siele of the neural tube with the other, never leaving 

the tube (Noback & Demarest, 1975). At other times, 

one cytoplasmic process travels down or up the cord, 

even to the brain stem itself, while other processes re

main at the same level of the neural tube at which they 

originated (Williams et aI., 1989). 

A cytoplasmic process of one neuroblast usually trav

els with others having a common origin and a common 

destination (Williams et al., 1989). Such a bundle of cy

toplasmic processes inside the neural tube is called a 

tract (Barr & Kiernan, 1988). The cytoplasmic processes 

traveling tOgether originate from a group of nerve cell 

bodies in the primitive spinal cord and, for example, 

may terminate in the thalamus. These cytoplasmic 

processes form the spinothalamic tract (Goss, 1966). 

Sometimes the cytoplasmic process from a neuroblast 

leaves the spinal cord altogether (Durward, 1951) and, 

with many others, forms an aggregate known as the 

ventral root of the spinal nerve (Goss, 1966). An indi

vidual cytoplasmic process of this type finds its way 

to a particular region of a particular skeletal muscle. 

Along the way it has passed through a spinal nerve, 

the dorsal or ventral ramlls of the spinal nerve, peri1:Jps 
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through a nerve plexus, and finally through a periph

eral nerve (Larsell, 1953). 

DEVELOPMENT OF THE AUTONOMIC 
NERVOUS SYSTEM 

Other neuroblasts are located elsewhere in the gray mat

ter, in an area known as the lateral horn (Romanes, 

I 972a). Each neuroblast sends one of its cytoplasmic 

processes into the closest ventral root, not heading for 

skeletal muscle but rather toward nonskeletal muscle 

and glands (Sadler, 1990). Each process can change 

course, leave the spinal nerve it has entered, and travel 

to a nearby structure known as a sympathetic chain 

ganglion (Goss, 1966) (see Fig. 10-5). In so doing, the 

processes create a bridgelike structure that appears 

whitish in vivo and is called a white ramus communicans 

(EDis, 19H3). 

These neuroblasts, stretching from the lateral horn 

(the future intermediolateral cell column) to a sympa

thetic chain ganglion, are myelinated and are referred to 

as preganglionic neuroblasts (Romanes, 1972a and b). 

They function as motor neurons, which means the white 

ramus is made up of axons derived from the neural tube. 

As a mle, white rami are found attached only to the T1 

through L2 spinal nerves (Crafts, 19(6). The lateral horn 

corresponds to the nerve cell bodies, and the white ra

mus corresponds to the axons of the same neuroblasts, 

or preganglionic sympathetic neuroblasts (Durward, 

1951). Above and below these spinal levels, there is no 

lateral horn, no white rami exist, and the ventral roots 

do not contain myelinated axons of preganglionic sym

pathetic neuroblasts (Bruce & Walmsley, 1939). 

Some axons of preganglionic neuroblasts cross over 

a white ramus to a sympathetic chain ganglion but do 

not terminate within the ganglion (Francis & Voneida, 
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19(6). Instead, they pass through the ganglion and con
tinue up the sympathetic chain or down the chain to a 

sympathetic chain ganglion at a different spinal level, 
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where they terminate (Langebartel, ] 977). Inside they 
synapse with neuroblasts known as postganglionic 
sympathetics (Goss, 19(6) Some axons of pregangli
onic neuroblasts reach sympathetic chain ganglia by 
way of white rami, but they do not terminate in any 
sympathetic chain ganglion (Goss, ] 9(6). Instead, these 
preganglionic axons pass through the sympathetic chain 
ganglion without synapsing and continue on their way 
to a sympathetic ganglion in the abdominal cavity, 
where they terminate, for example, in the celiac gan
glion (Francis & Voneida, 19(6). These are called 
splanchnic nerves (see Chapter lO). Some preganglionic 
neuroblasts have nerve cell bodies located in the gray 
matter of the sacral region of the neural tube. That 
means they are classified as parasympathetic. Their ax
ons travel long distances and terminate in parasympa
thetic ganglia located close to the pelvic organs they in

nervate (Scothorne, 1976). They synapse inside these 
parasympathetic ganglia with postganglionic parasympa
thetic neuroblasts located within or close to the organs 
(Romanes, 1972b). 

AI.l sympathetic and parasympathetic postganglionic 
neuroblasts, as well as the ganglia they help to form, de
rive from the neural crest (O'Rahilly & Muller, 1992) 
These motor ganglia are made up of the nerve cell bod
ies of postganglionic neuroblasts tbat migrated from the 
origi.nal site of the neural crest (i.e., dorsolateral to the 
neural tube) to the site of the ganglion. Most, if not all, 
postganglionic neuroblasts in a sympathetic chain gan
glion send their cytoplasmic processes out of the gan
glion to the closest spinal nerve ancl, in so doing, form a 
bridge called a gray ramus communicans, gray because 

in vivo their unmyelinated axons appear grayish 
(Romanes, 1972a). Once in the spinal nerve, tbe post
ganglionic axons twist their way through the branches 

of the spinal nerves. These include dorsal and ventral 
rami, nerve plexuses when present, and peripheral 
nerves (\Voodburne, 1983). The postganglionic axons 
terminate i n  the smooth muscle of blood vessels or in 
glands (Hollinshead & Rosse, ] 985). 

Although aU spinal nerves have gray rami, sometimes 
the axons of postganglionic sympathetic neuroblasts 
shun the gray rami and are not distributed by a spinal 
nerve (LarseU, 1953). Instead, they travel clirectly to the 

organ they innervate (Durward, 1951). This is the case 

with the heart, where the axons of postganglionic sym

pathetic neuroblasts to the heart make up the cardiac 
sympathetic nerves (Francis & Voneicia, 19(6). The 
nerve cell bodies for these postganglionic neuroblasts lie 
in cervical sympathetic chain ganglia (Durward, 1951). 

Not all neural crest cells migrate away from their early 
location to transform into postganglionic neurobJasts. 
Some migrate toward the skin to become melanoblasts. 
Others migrate to the intermediate mesoderm, which is 
forming the adrenal cortex, and they burrow inside 
to become the adrenal medulla (Coupland, 1976). StiIJ 
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others rearrange themselves into discrete clusters not far 
from their original location dorsolateral to the neural 
tube (Romanes, 1972a). 

DEVELOPMENT OF THE DORSAl. AND 
VENTRAL ROOTS 

Two cytoplasmic processes issue forth in opposite di
rections from most of these clustered neural crest cells. 
One process travels dorsomedially into the neural tube, 

where as an axon (central process), it terminates in the 
region that becomes the dorsal horn of the gray matter 
(see Chapters 3 and 9). In the dorsal horn the central 
process synapses with neuroblasts derived from the 
neural tube. The second cytoplasmic process travels ven

trolaterally, where as a dendrite (peripheral process), it 
enters a spinal nerve. The cytoplasmic process going 
dorsomedially and the one going ventrolaterally, as well 
as the nerve cell body they are both attached to, are said 
to lie in the dorsal root of the spinal nerve. Such a dorsal 
root contains many other neuroblasts with the same 
shape and spatial configuration, and all their nerve cell 

bodies together form the spinal ganglion, also known as 
the dorsal root ganglion (Clark, 1951). It is a sensOlY gan
glion, and no synapses occur within it. The dorsal root is 
called a sensory root becallse the current consenslls 
holds that it contains only fibers of afferent neuroblasts 
derived from neural crest (Scothorne, 1976). The con

sensus also holds that the ventral root is a motor root and 

contains only axons of efferent neuroblasts derived from 
the neural tube (Cohen et aI., 1992). That means that the 

spinal nerve formed by the intersection of the sensory 
and motor roots is a mixed nerve, and that the celi 
bodies of the nerve fibers are derived from both neural 
tube and neural crest (Clark, 1976) (see Fig. 3-9). 

The dorsal and ventral roots are attached to the neural 
tube at one end and converge to form the spinal nerve at 
the other end (Clark, 1976). In the early embryo, the 

roots on one side are not much different in length from 
the roots on the opposite side and from one spinal level 
to another (Francis & Voneida, 1966). With time, bow
ever, these relationships change (Sadler, 19(0). 

Each dorsal root and the corresponding ventral root 
grow laterally toward the paraxial mesoderm before the 
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vertebrae have formed (Beck et aI., 1985). Both eventu
ally become trapped between the vertebra formed 

cephalic to them and the vertebra formed cauclal to 

them (Hollinshead & Rosse, 1985) (see Fig. 12-12). 

When first formed, all these roots at all spinal levels have 

approximately the same length, and they all extend out 

laterally from the neural tube at about the same angle, 

close to 90°. When these roots become trapped, how

ever, they do not all remain the same length and do not 
all continue to make the same angle with the neural tube 
(Cohen et aL, 1992), The dorsal and ventral roots that 

are trapped between a pair of vertebral primordia mtlst 

elongate when the netlral tube stays fixed in place, since 
the vertebral primordia seem to be moving catldally. If 

the root.'; did not lengthen, they woul.d be torn, that is, 

avulsed from the neural tube. The vertebral primordia 

trapping cervical and thoracic roots move caudally the 
least, if at all, and thus their nerve roots elongate the 

least (Romanes, 1972a and b). By contrast, the vertebral 
primordia trapping lumbar and sacral roots move GIU
dally the most, which means their nerve roots elongate 

the most (Snell, 1981) (see Fig. 3-6), The angle the elon
gated roots make with the neural tube has also been 

reduced less tban 90° to an acute angle, and the more 
elongated the root, the more acute the angle (Clark, 
1976). The longest roots have had their angle reduced 

to 00, so they hang down vertically, paralleling the neu
ral tube itself (Parke, 1992b). Early anatomists thought 

the dozens of nerve roots hanging down together cauclal 

to the neural tube resembled a horse's taiI, thus the 

name in Latin, cauda equina (Hollinshead, 1982) (see 

Fig. 3,8). 
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Development of the Meninges 

Each root is ensheathed in epithelium called the pia 
mater, and there has been uncertainty as to whether the 
ria traces back to mesodellD or to neural crest (Williams 
et aI., 1989). A simUar uncertainty exists about the origin 
of the arachnoicl mater, which faces the pia mater across 
the subarachnoid space (Carlson, 1981). It is generally 
agreed that the outermost meninx, the dura mater, de
rives from mesoderm (\Villiams et aI., 1989). 

SOMITES AND DEVELOPMENT OF THE 
BACK MUSCLES 
Mesodermal cells had earlier filled the entire space be
tween the surface ectoderm of the body wall, the neu
roeetouerm of the neural tube, and the endoderm of the 
primitive gut, that is, the space between the three tubes 
that run tile Icngth of the embryonic body. The only 
space unfilled was the body cavity (Allan, 1969). In many 
locations each mesodermal ceJl was separated from its 

neighbors by a large intercellular space, and such loca
tions ,,,,ere said to be occupied by mesenchyme 
(Harrison, 1972). In other places the mesodermal cells 
aggregated into tightly packed clumps, similar to the 
paraxial, intermediate, and lateral plate mesoderm. Each 
of these three mesodermal types has a subsequent his
tory of its own. 

The paraxial mesoderm segments into somites that 
turn into staging areas from which somite ceJls deploy to 
new locations (Sadler, 1990). For example, some somite 
cells migrate toward the undersurface of the surface ec
toderm, where they become the dermis of the skin 
(Beck et aI., 1985). The part of tbe somite from which 
they arise is called the dermatome (Fig. 12-10). Other 
somite cells migrate toward the notochord and neural 
tube. These cells eventually produce hard tissues, such 
as bone and cartilage, so the part of the somite from 
which they are derived is appropriately called sclero
tome (Harrison, 1972) (Fig. 12-10). The somite cells that 
have not migrated form the myotome, and these cells 

eventually form skeletal muscle (Fischman, 1972). Some 
myotome cells move dorsally into the space between the 
developing skin, the developing neural tube, and the de

vdoping vertebral column (Beck et a\., 19H5). These 
cells and the part of the myotome from which they arise 

are referred to as an epimere. The epimere from one 
myotome soon encounters the epimeres from the myo

tomes cephalic and caudal to it. The epimeres lose their 
individual identities, and transform into the deep mus

cles of the back (Lockhart, 1951). The deep back mus
cles are also called the intrinsic or "tJ1Je" muscles of the 
back and include the erector spinae and transver

sospinalis groups, the two splenius muscles, and the sub
occipital muscles. The muscles are all derived from 

epimeres and innervated by the dorsal rami of spinal 
nerves Ooseph, 1976) (see Figs. 4-2 to 4-4). 

Development of Other Muscles Related to 
the Spine 

During this time, other myotome cells have been moving 
ventrolateraUy between the two layers making up the 
lateral and ventral body wall, that is, the surface ec
toderm and the somatic mesoderm (Sadler, 1990). 
These migrating cells and the part of the myotome from 
which they originate are referred to as a hypomere 
(Lange bartel, 1977). The hypomeres from aujacent my
otomes mn into one another, lose their individual iden-
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tilies, and form the muscles of the thoracic anel abdomi

nal body wal l  (\,\fiUiams et a I . ,  1 989). These include many 

muscles that can be seen from the back, such as the in

tercosta l ,  subcostal ,  levator costarum, the two serratus 

posterior, and the external abdominal oblique musc les 

(Sincla i r, 1972). 

All th muscles derived from hypomeres are inner

vated by the ven tra l ram i  of spinal nerves (Sadler, 1990). 

I lypomeres also send myoblasts ventromedial ly toward 

the vertebral column, where myoblasts from adjacent 

hypomeres form muscles located a t  the sides a nd front 

of the vertelmll column (Lockhart, 195 1 ). These muscles 

i nc lude the three scalenes, the two longus (col l i  and 

capitis), the two psoas, and the two quadratus lum bo

mm (Sne ll, 197')).  Hypomeres also form the two muscu

lar sheets that roof and floor the abdominal cavity, the 

lhoracoabdominal and pelvic d iaphragms (Arey, 1 965; 

Moore, 1 988), both of wh ich intersect the posterior 

body wall. Sti l l  other bypomere cells move posterioriy to 

form the muscles that hold the scapula to the vertebral 

column or ribs (Corliss, 1976). These muscles include 

the rh omboids, levator scapulae, and serratus a nterior, 

al l  of which are innervated by ven tral rami that have 

been chan neled through the brachial plexus (Leeson & 

Leeson, 1 972) (see fig. 4- 1 ) .  
The scapula i s  somewhat o f  a n  intermediary between 

the bones visible from the back (spine and ribs) and the 

bone that extends trom the elbow to the shoulder 

(h umerus) (Breathnach , 1 9'58). T he shoulder musc les 

that connect the scapula to the humerl.ls include the 

supraspi natus, infraspinatus, teres major, teres m inor, 

subscapularis, and deltoid (Romanes, 1 976). All but the 

�ubscapularis can be seen from behind (Crafts, 1966), 

but the gross anatomist does not regard them as back 

muscles, even though the average person might 

(Hol l in shead, 19H 2). AJI these muscles develop from hy

pomeres and consequently are innervated by ventral 

ra mi of spinal nerves th rough the brachial  plexus 

(Lange barrel,  1977) One muscle, however, connects 

the hum erus direct ly to the posterior aspect of the 

trunk,  largely bypassing the sca[1ula (Si nclair ,  197 2). 

This muscle is the latissimus dors i ,  a nd its origin also 

can be traced back to hypomeres innervated by 

ventral ra mi through the brJch ial plexus (Lockhart ,  

( 9 5 1 ). 

The previously mentioned derivatives of hy(lomeres 

that m igrated toward the back can be regarded as mak

ing up the extrinsic m uscles of the back just as the de

rivatives of e p imeres make up the i n trinsic musculature 

of the back (Mortenson & Pettersen ,  1 9(6). The extrin

sic musc les, with one exception (trapezius), are inner
vated by ventral rJ mi;  the intrinsic m uscles, with no ex

ceptio n,  are innervated by dorsal ra mi (LockJ1Jrt, 1 9 5 1). 

The hypomere derivatives migrate dorsally and eventu

ally come to overlie the epimere derivatives, and in so 
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doing, they bring branc hes of th e brachial  p lexus to the 

superficial back (Scothorne, 1976). 

Trapezius Muscle. One superficial ,  or extri nsic, back 

muscle, however, may derive from neither epimere nor 

hypomere but overlies those that do (Zuckerman, 1 9( 1 )  

This muscle, the trapezius, may derive from the meso

derm located in the transition zone between the pha

ryngeal (branc h ia l) a rches and the cervical somites 

(Lockhart, 195 1 ) .  Its motor innervation comes from the 

same cranial  nerve that innervates the most caudal 

branchial  arches, the (spinal) accessory or eleventh,  a nd 

its sensOlY i nnervation may come from cervical spinal  

nerves (Will iams e t  aI . ,  1 9H9). However, some d isagree

ment exists about how to interpret this dual in nerva tion 

(Ho l l i nshead, 1 982). 

TIlE SCLEROTOME 

The cells previo usly referred to as sclerotome m igrate 

medially from the som i te to surround the neura l tube 

and notochord .  Instead of form ing a contin uous tu nnel 

of cel ls, they form a series of d iscrete arches cal led neu

ral arches (Will iams et a I . ,  1989). Each n e ural a rc h  rests 

on a base of sclerotome cel ls called the centrum, ami out 

of these primordia (neural arch and centrum), the prim

it ive vertebra i s  built (O'Ra h i l ly,  1 986) (Fig. 1 2- 1  L )  

Development of the Vertebrae 

For years the accepted view has been that the scl ero

tome cells forming a centmm derived fro m two con tigu

OllS som ites (Beck et a I . ,  1 985). This dual  origin sup pos

edly accounted for the staggered position of myotomes 

and cen tra (Sadler, 1990). This accepted view was chal

lenged not long ago (Verbout, 1985) a mi may eventllal ly 

be rep laced (Wi l liams et a I . ,  1 989). On the other hand, 

experimental support for the accepted view has recently 

been adduced (Bagnall et  a I . ,  1 987). 

Regardless of their origin,  the sclerotom e cells shape 

themselves into a p ri m itive centrum, and �oon a fter 

some of them begin laying down a n  extracellular carti

laginous matrix (Hall, 1978). Several c hondrification cen

ters appear in each centrum and the a ttached neural 

arch (\Vi l l iams e t  aI . , 1 989) (Fig. 1 2- 1 1 ). By tbe time the 

vertebra , made only of cells, has been �ucceeded by a 

vertebra made of cel ls and cartilage, an ossification cen

ter appears in the centnlm and two more appear i n  tbe 

neura l  a rch (O'Rahi l ly  & M u l ler, 19 92) (F ig. 1 2- 1  1) The 

cartilage is broken down and seemingly removed in 

many places but is l eft in many others, even after birth 

(Patten, 19(4). In time, secondary ossification centers 

appear in the remaining cartilage (Sinclair, 1972) (Fig. 

12-1 1). The number and distribution of these cen ters 

vary from vertebra to vertebra, so the eventual size and 
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l'IG 1 2- 1 1  Four cross-sectional views and a lateral view of a vertebra composed at first al

most e ntirely of sclerotome ce lls ,  which are gradually replaced by cartilage, which is al most 

en tirely replaced by bone.  

shape of the deli.nitive bony vertebra differs accordingly 

(Inkster, 195 1) .  A vertebra can increase in height and di

ameter before and after birth by employing intrins.ic 

bone-depositing mechanisms around the circumference, 

or periosteum, anel at the ends, or anular epiphyses 

(Bogeluk & Twomey, 1 987). 

Each primitive vertebra has, in addition to the cen

trum and neural arch, a costal element that becomes a 

rib in the thoracic region and a part of the transverse 

process in the cerv.ical and lumbar regions. In the sacral 

region, it becomes incorporated into the lateral part of 

the saCll.lm, which itself derives from the fusion of sacral 

vertebrae (Robertson, 1 966). 

For the sake of clarification , it should be mentioned 

that part of the fetal neural arch fuses with tbe fetal cen

trum to produce a postpartum structure known as the 



vertehral body (Trotter & Peterson, 1966) , The arch now 
joined to the postpartum vertebral body is less extensive 
than the fetal neural arch, so it receives a new name, the 

vertebral arch (O'Rahilly , 1986), 

Hemivertebra and Spina Bifida 

Hemivertebra. Vertebral centra have been known 

to grow much more on one side than the other, with the 
result that the centrum appears wedge shaped when 
viewed from the front, Lateral deviation of the spine 
cephalic to the wedge can ensue, that i s, scoliosis, and 

the wedge is referred to as a hemivertebra, Explanations 
offered for this asymmetriC growth remain speculative 
(Rothman & Simeone, 1 992) , 

Spina Bifida. If mesoderm does not migrate between 

the surface ectoderm tlooring the early amniotic cavity 
and the neuroectoderm, the tissues that would have de

rived from that mesoderm are missing, The absence of 
mesoderm may be partial or complete, Why mesoderm 

fails to migrate or why it bils to differentiate once it has 
proliferated are questions that still await satisfactory an

swers, 
Sometimes the mesoderm forms vertebral laminae and 

spinous processes made of cartilage that does not differ

entiate further into bone, the clinician'S spina bifida oc

culta, Sometimes the mesoderm forming the vertebral 
laminae and spinous processes does not even differenti
ate into cartilage but remains a soft tissue that can be dis
placed or deformed, Then the meninges unrestrained 

dorsally by hard tissue may balloon toward the embryo 's 
dOl'sal surface, ancl sometimes the neural tube also may 
bulge dorsally, the clinician's spina bifida cystica. 

Sometimes the neural tube and meninges may bulge so 

far dorsally they meld with the surface ectoderm flooring 

the early amnionic cavity, the clinician' s  spina bifida 
aperta, Worst of all, the neural tube itself may never 
form, and the neural plate remains open on the floor of 

the amnionic cavity, the clinician' s  myeloschisis 
(O'Rahilly & Muller, 1 992), 

Notochord and Intervertebral Discs 

The notochord had once formed the core of every cen

t11.lm, since the sclerotome cells had condensed around 
it (Breathnach, 1958) , However, changes occur such 
that the notochord disappears from the core and is re

placed, fi.rst by cartilage, then hone (parke, 1 992b) . In 

the space between centra, however, the notochord per
sists a 11(1 becomes the nucleus pulposus of the interver
tebral disc (lVD) (\X'iUiams et at . ,  1 989) (see Fig, 12- 1 0) ,  

The sclerotome cel ls that come to slUTOlmcl the nucleus 
pulposus become the anulus fibrosus of that IVD be

tween two centra (Moore, 1 988) (Fig. 12-12) , Variant in

terpretations of the roles of the nucleus pulposus and 
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the sclerotome cells have been offered by Williams and 
colleagues (1989) and Walmsley ( 1 972) , 

Spinal ligaments, Zygapophyseal ]oints, 
and Sacroiliac Joints 

All the ligaments that connect the vertebrae to each 
other, to the skul l ,  and to the pelvic girdle trace their ori

gin back to the mesoderm, as do the bones to which 
they attach (Walmsley, 1 972). The s:lme is t11.le of inter
vertebral joints and their capsules, for example, zy
gapophyseal joints (Bogduk & Twomey, 1 987), The 
sacroiliac joint likewise traces back to mesoderm that 

differentiates in situ (Salsabili & Hogg, 1991) . 

VESSElS OF THE BACK AND SPINAL CORD 

While all the previously mentioned embryonic and fetal 
events have been taking place, the ubiquitous mesoderm 

has been constructing the cardiovascular system (Brash, 

1951a) ,  On the surface of the yoU< sac, reddish spots de
velop called blood islands, The redness is caused by he

moglobin in erythroblasts that appear inside these blood 
islands as they hollow out and become confluent with 

each other. Other vascular plexuses are formed in the 

same way throughout the embryo , but certain channels 
begin to predominate while others disappear (yoffey, 

1 976). Two large charmels located ventral to the foregut 
turn out to be the mesodermal rudiments of the heart, 
This primitive heart drains into vascular channels that 
have derived from the mesoderm that lies on either side 
of the nearby pharyngeal arches (Patten, 1 953), These 

paired channels carry bIood dorsally away from the heart 
to the left and right dorsal aortae, and they are called aor· 

tic arches (Yoffey, 1 976) or aortic arch arteries (Moore, 

1 988) , 

The blood entering the paired dorsal aortae moves 
into all the branches from this pair of arteries, which are 
the largest of the embryonic body, The paired branches 
going to the back have been called segmental arteries 

(Holl inshead, 1 982). The capillaries of the back return 
that blood to segmental veins that empty into paired an
terior and posterior cardinal veins (Brash, 1 951a) ,  The 
anterior and posterior cardinals on each side empty into 

a common cardinal vein, and the two of these empty 

into the primitive heart (Sadler, 1990), The cirClIlatOIY 

pathway is now complete, but restructuring of that vas
culature commences almost at once (Hollinshead & 

Rosse, 1985). 

Arteries of the Back 

The aortic arches largely disappear, except for the third, 

fourth, and sixth pairs, and those that remain are modi

fied (Oelrich, 1966), The third pair is used to help build 
the carotid artery system (Walls, 1 972). One component 
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of that system, the external carotid artery, serves the 

back through two of its branches, the ascending pha

ryngeal and the occipital  (Wi lliams et aI . ,  1989). 

The fourth pair of aortic arches also helps shunt blood 

toward the back by contributing to the formation of 

the subclavian artery and the arch of the aorta. The sub

clavian artery sends blood through many of its branches 

to the back (Oelrich ,  1966). A list of these branches 

would inc lude the vertebral artery, branches of the cos
tocervical trunk (the deep cervical and h ighest inter

costal arteries), and branches of the thyrocervical trunk 

(the ascending cervical ,  transverse cervical ,  and supra

scapular arteries) (Romanes, 1966). 

As development proceeds, the two dorsal aortae fuse 

into a single aorta, located caudal ly,  and the paired seg

mental arteries branching from this single aorta proceed 

to designations that vary depending on the body region 

they serve. These segmen tal  branches i nclude inter

costals, subcostals, and lumbars ,  and aJl these send 

branches to the back (Wi lliams et a I . ,  1989). Those 

paired segmental arteries supplying paired o rgans em

bedded retro peritoneally in the embryo's posterior body 

wall are named after the organ they serve, that is , renal,  

adrenal ,  and gonadal (Brash, 195 1 a). 

Before attenuation of the single dorsal aorta into an 

unpaired terminal artel), known as the median sacral ,  

the dorsal aorta gives off a pair  of umbilical arteries that 

help to form the common iliac trunk on each side (Wal ls, 

1 972). The segmental arteries referred to as the fifth lum

bars may also help to form this trunk (Williams et a I . ,  

1989). One artery t h a t  branches from t h e  common iliac 

mmk is the internal iliac artery, and it gives rise to two 

arteries that serve the back :  the i liolumbar and late ra l  

sacral (parke, 1992a). 

The aortic arches and dorsal aorta have been sending 

branches to the embl)'o's  in tervertebral foramina (IVFs) 

(\Vil liams et a I . ,  1989). By the time arterial differentiation 

is complete, the arteries supplying branches to the IVFs 

have undergone changes that vary according to the 

spinal level (\Voodburne, 1 983). In the cervical region, 

they branch from the ascending cervical ,  deep cervical, 

and vertebral arteries; in the thoracic region , they 

branch from the posterior intercostal s  and subcostal ar

teries; and in the abdominal region ,  they branch from 

the lumbar, i l iolumbar, lateral sacral, and median sacral 

arteries (Oelrich,  1966). Once inside the IVF, tbey re

branch (Holl inshead , 1982) and in the process intersect 

three arteries that run the length of the spinal cord : the 

single a nterior spinal ancl the two posterior spinal arter

ies (see Chapter 3). 

The anterior spinal artel), had formed near the junc

ture of the brain a ncl spinal cord by the u nion of a 

branch from one vertebral artery with a branch from the 

other vertebral artery to form an artery that extends cau

dally on the corel 's anterior aspect (Yo ffey , 1976) (see 

Fig. )-12). Each posterior spinal artery had branched 
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from a vertebral and sometimes it posterior inferior cere

bellar artery. The posterior spinal artery extends cau

da l ly  on the posterior aspect of the spinal cord (\Vall s ,  

1972). The posterior inferior cerebellar arteries were 

themselves branches from the vertebral arteries, which 

branch from the subclavian arteries (Goss, 1 966). Thus 

the blood supply for the spinal corel and its adnexa (hard 

and soft tissues) originates from within the cranium by 

way of the vertebral a rteries and , periodical ly all a long 

the spine 's  length , by way of feeder arteries, that is, trib

utaries of arteries that en ter IVFs (Parke, 1 992a). Chapter 

3 discusses the arterial supply of the spinal cord in fur

ther detail. 

The previous account has related how the embl)'o 

constructs mesodermal channels elelivering blood to 

those back muscles that are called intrinsic, deep, or 

true. The embryo develops different chan nels to the 

o ther back muscles that  have been deSignated extrinsic 

or superficial. These latter a rteries branch from the sub

clavian or axillary and include the following: transverse 

cervica l ,  suprascapular, scapular circumtJex , posterior 

humeral circumflex, and thoracodorsal (Crafts, 1966). 

Their synonymy ancl variability are complex (Goss, 

1 966). Mesoderm has also formed channels returning 

blood from these superficial back muscles, and often 

these veins retrace the route of the arteries and also bear 

the same names (Hollinshead & Rosse, 1985). Their vari

abil ity is even greater than that of  the arteries (Brash, 

1951a). 

Veins of the Back 

While  al l  the arterial development has been happening, 

the mesoderm in the epidural space surrounding the 

spinal cord has been forming a network of veins 

(Romanes, 1966) (see Fig. 3-14). This p lexus l ies be

tween the meninges and the vertebrae and is known as 

the internal (epidural) vertebral venous plexus. This 

plexus receives blood from the spinal cord and the ver

tebrae and channels it into the intervertebral veins 

(Walls ,  1972). These veins exit the rvFs and ventral 

sacral foramina (Woodburne, 1983). 

Outside the foramina,  tbe i ntervetiebral veins drain 

into veins cal led segmental by some (Hollinshead,  1 <)82) 

and intersegmental by others (Brash, 1 951a). These seg

mental/intersegmental veins receive specific names ac

cording to their spinal level ,  for example, vertebrals, in

tercostals, lumbars, and lateral sacrals (Brash, 1951 a). 

These veins carry the blood back to the heart by differ

ent routes. The vertebral veins drain into the brachio

cephalic veins, which pass the blood to the superior 

vena cava (Romanes, 1<)66). The intercostal veins drain 

into the azygos system of veins (Gosling et a I . ,  1 990), 

and this variable system also d rains the b lood to the su

perior vena cava. The superior vena cava empties into 

the right atrium of the beart (Romanes, 1 968). 
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The lumbar veins are even more variable in their 

drainage pattern (Brash, 1951a). The first and second 

lumbar veins drain into a vein called the ascending lum

bar, which in turn drains into the subcostal vein. The 

subcostal vein drains into the azygos system, and the ve

nous blood continues on to the heart by way of the su
perior vena cava (Oelrich, 1966). The third and fourth 
lumbar veins are tributaries to the inferior vena Clva, 
which empties into the right atrium of the heart (Brash, 

1951a) . The fifth lumbar vein drains into the iliolumbar 

vein. The iliolumbar vein drains into the common iliac 

vein, itself a tributary of the inferior vena cava, which 

empties into the heart (Romanes, 1968). The interverte
bral veins exiting from the ventral sacral foramina drain 

into the lateral sacral veins (Oelrich, 1966). From there 

the blood passes to the internal iliac vein, then to the 
common iliac vein, and finally into the inferior vena 
cava, which drains into the right atrium of the heart 
(Goss, 1966). 

The intervertebral veins draining into veins in the 

neck, thorax, and abdomen have a common pattern. In 

each case they intersect a vein mnning lengthwise. In 

the cervical region the intervertebral veins are linked 
vertically by the vertebral vein, since they are all tribu

taries to it (Brash, 1951a). In the thoracic region they are 

connected to the vertically running azygos system of 
veins (Goss, 1966). In the abdominal region they drain to 
the ascending lumbar vein (Romanes, 1968) . In the 

pelvic region they are linked vertically by the lateral 

sacral vein (Brash, 1951 a). At least one authority has re

garded the azygos vein as a cephalic continuation of the 

ascending lumbar vein (Goss, 1966). 

When the mesoderm constructed a venous plexus in
side the vertebral canal, it also constructed one on the 
outside, the external vertebral venous plexus (Parke, 
1992). This external plexus of veins drains the soft and 
hard tissues contiguous to it (Oelrich, 1966). This exter
nal plexus also anastomoses with the internal plexus of 

veins inside the vertebral canal (Hollinshead, 1982). 

Both venous plexuses drain into the segmental veins 

(Goss, 1966). (The latter include the posterior inter
costal, lumbar, and lateral sacral veins [Walls, 1972].) 

Thus the segmental veins receive blood from the verte
brae and the soft tissues that envelop them by way of the 
external venous plexus (O 'Rahilly, 1986). All the blood 
from the two plexuses is added to the blood already in 
the segmental veins, blood that was returning from the 

deep muscles and skin of the back (Romanes, 1968). The 

blood next flows from these segmental veins into vari

ous definitive veins that the fetus has fashioned out of 

variolIs precursor veins of the early embryo (Brash, 

1951 a) 

The definitive vein that the blood from segmental 

veins in the cervical region ultimately drains into is 
known as the superior vena cava (Oelrich, 1966) . It is de-

rived from the right common cardinal vein and a part of 

the right anterior cardinal vein (Patten, 1953). Blood 

from segmental veins in the thoracic region drains into 
the azygos system of veins: the azygos, bemiazygos, and 

accessory bemiazygos veins (Walls, 1972). This azygos 
system forms from the emblyo's posterior cardinal veins 

(Goss, 1966). According to Patten ( 1953), the embryo's 
supracardinal veins may also contribute. Blood from seg
mental veins in the lower lumbar and sacral regions 

drains into the inferior vena cava, wh.ich forms from the 

posterior cardinal, subcardinal, and supracardinal veins 

of the embryo (Patten, 1953). Blooe! from the embryonic 
gonads, kidneys, and adrenal glands is delivered to the 

inferior vena cava by veins named after the organ they 

serve. They are all derived from the subcardinal veins of 

the embryo (Williams et aI., 1989) . 
Virtually all the tissues making up the bulk of the pos

terior body wall are derived from mesoderm, for exam

ple, the thoracic duct and its lymphatic tributaries and 

the various fasciae: sllperficial, deep, endothoracic,  

transversalis, and thoracolumbar (Goss, 19(6) . However, 

the neural elements, such as the lumbosacral plexus, de

velop from ectoderm (Larsell, 1953) 

Suggested Readings 

Space limitations and other considerations do not allow 
discllssion of the appearance of supernumerary struc
tures, sucb as cervical and lumbar ribs, or persistent em
blyonic tissue, as in chordoma (O' Rahilly & Muller, 

1992). Detailed description of the normal development 
of complex structures such as the dens (see Cbapter 5) 

and sacrum (see Chapter 8) are likewise absent (Goss, 

1966; Inkster, 1951; Larsell, 1953; Trotter & Peterson, 

1966; Williams et aI., 1989) Accounts of investigative 
studies on the development of frog, chick, and mouse 
embryos as related to the human embryo have also 
been excluded (Ballard, 1964; Rugh, 1964). However, 
the reader has been provided a substantial amount of 

background information with which to continue the 

study of the enormous amount of information available 
in the field of human development (Rothman & 

Simeone, 1992). Readers requiring more depth and 

breadth than given in this chapter are recommended to 
consult the scholarly treatises of Parke (l992a and 

1992b) and O'Rabilly and Muller, ( 1992), both authori
ties in the field. They Jill in the lacunae, sort through the 

controversies, and are reliable guides to primary sources 
in the literature. 
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Much of the current anatomic research relatecl to the 

spine is concerned with the zygapophyseal joints (Z 
joints) and the intervertebral discs (rvOS). The gross 

anatomy of these structures is covered in detail in 

Chapter 2. The Characteristics of these structures unique 

to the cervical, thoracic, and lumbar regions are covered 

in Chapters 5, 6, and 7, respectively. Because much of 

the current investigation related to the Z joints and the 

IVOs has been carried out in the lumbar region, Chapter 

7 describes the Z joints and IVOs in significant detail. 

However, a considerable amount of the research on 

these two tissues is associated with their microscopic 

anatomy (Giles, 1992a, 1992b), and molecular structure 

(Ruckvl'alter et aI., 1 989). The results of these investiga

tions provide a greater understanding of normal, as well 

as pathologic, structure ami function at the microscopic, 

ultrastructural (electron microscopic), and molecular 

levels. 

As more information becomes available on the precise 

composition and arrangement of the tissues of normal 

and diseased Z joints and rvos, a hetter understanding of 

the biologic basis for current treatment develops (GiLes 

& Taylor, 1987). Continued investigation should lead to 

an increase in the understanding of spinal dysfimction. 

\Vith changing concepts on the mechanisms of spinal 

dysfimctiol1, new therapeutic approaches will undoubt

edLy emerge, and it will be necessary to keep abreast of 

these changing concepts to be able to apply effectively 

the new therapeutic approaches. Therefore an under

standing of the microscopic anatomy of the Z joints ami 

the rvOs is extremdy impoltant to the clinician and tilt.: 

researcher alike. 

The purpose of this chapter is to provide the reader 

with comprehensive information on the microscopic 

anatomy of the Z joints and IVOs. A discLlssion of the 

normal composition of connective tissue in general and, 

more specifically, of hyaline cartilage and Ji.brocartilage 

in association with the Z joints and IVOs is also included. 

MICROSCOPIC ANATOMY OF THE 
ZYGAPOPHYSEAL JOINTS 

Bones in contact with one another are held together by 

connective tissue. This union forms a joint that, in some 

instances, is freely movable and is lined by a synovial 

membrane. This type of joint is known as a synovial (di

arthrodial) joint. The Z joints of the spine are of this 

type. The joints between contiguous vertebral bodies 

are classified as amphiarthroses and are formed by the 

rvOs. The IVDs are tough, cushion like pads consisting 

mainly of connective tissue, more specifically, special

ized fibrocartilage. The IVOs are discussed Later in this 

chapter. 

The articular surfaces that form the Z jOints, as with 

all diarthrodial joints, are covered with shiny hyaline car

tilage. This cartilage is lubricated by synovial fluid that 
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a llows the bones to gl ide smoothly over each other with 

minimal friction (Swann et  aI., 1974). The a rticular calti

lages and joint cavity of the Z joints are enve loped pos

teriorly by a tough sleeve of dense connective tissue. 

This connective tissue sleeve is known as the fibrous 

capsule. Anteriorly, the ligamentum flavum takes the 

place of the alticular capsule of the Z jo int  (Xu et aI . ,  

1991). Lin ing the joi nt capsule is a thin i nner layer of 

h ighly v;lsculari zed con nective tissue cal led the synovial 

membrane.  Cel ls with i n  the synovial mem brane manu

facture the synovial t1ui d .  

This sect ion d iscusses t h e  m icroscopic anatomy of the 

articular cartilage, the capsule, and the synovial mem

brane of the Z jo in ts .  Because most t issues involved i n  

the formatio n  o f  t h e  Z joints (and t h e  IVDs) i s  connec

tive tissue, anc! because pain a riSing from the Z joints is 

a sign ificant  ca use of back pain (Kirkaldy-W i l l is, 1988; 

Mooney & Robertson,  1976),  a work i ng knowledge of 

connective t issue is i mportant i n  trea ting pain of spinal 

origi n .  Therefore a sect ion on connective tissue, i ncl ud

ing hyal ine ca rtilage, immediately fol lows this sec t ion on 

the Z joi nts. 

Zygapophyseal Joint Articular Cartilage 

(rt.'nc:ral (.ollsioc..'rallolls_ The articular cartilages lin

i ng tile superior and inferior artic ular processes of each 

Z joint are similar in many respects to the articular carti

lage associated with m ost synovial joints of the body. 

This means that the articular cartilage l ining one of the 

art icular  processes of a Z joint is made up of a spec ial  va

riety of hyalin e  cartilage that  is very d urable,  is lubri

cated by synovial t1uid,  is compressible,  and is also able 

to withsta n d  large compressive forces (Wil liams et aI . ,  

1989). 

Recall that hya l ine carti)age is not un ique to t he Z 
joints but  is widely d istribut e d  in the body. Not only 

does it l ine the articular facets of Z joints,  but it is a lso 

found in a portion of the vertebral end plates of the 

IYJ)s, the nose,  most of the laryngeal  carti lages, C rings 
of the trachea, primary and secondal), bronchi ,  costal 

cart i lages of ribs, most articular cartilages of join ts 

throughout the body, and the x iphoid process. It is a lso 

the type ot· cartilage present in the epiphysea l carti lage 

plates of growing long bones. Therefore, hyaline carti

lage is essen tial for the growth and development of long 

bones before and after b irth . 

The purposes of Z jo int articu lar  carti lage is to protect 

the art icular surfaces of the superior and i nferior a rticu

lar processes by act ing as a shock a bsorber and to al low 

the art icular surfaces to move across one a nother with 

vel)' l ittle friction . Bot h  functions are carried out effi

ciently. In fact,  the coetficient of friction for typical ar

ticu lar surfaces is less than 0.002, w hich means that the 

two surfaces o f  :1  typical  Z joint glide across eacb o ther 

with much greater ease than they would if  they were 

both made of ice (coefficient of friction for ice sl iding on 

ice is less than 0.03) (Triano,  1992) 

The a rticular cartilage of a single Z joint surface is 

ra ther smal l ,  ancl in fact, the lumbar articular surfaces 

measure approxima tely 8 by 10 mm (Gi les, 1992a , 

1992b).  The Z jo int  art icu lar cartilage is a lso approxi

mately 1 to 2 mm thick (Figs. 13-1, 13-2, ami 13-3). The 

concavity of the carti lage on lumbar superior a rticular 

facets is t hicker than the periphery of the same surfaces. 

T his is the opposite from that typically found in other 

joints of the body where the concavity of a joint surface 

is usually l i ned by thi nner carti lage than that surround

i ng the concavity 

Z joint articular cartilage is made lip of 7,)% water a nd 

25% sol ids (Giles, 1992a,  1992b) and consists of cells em

bedded in an abundant and firm matrix (Fig. 13-4). The 

cells that produce the clrtilage matrix are chondro

blasts, a nc! in mature caltiJage they are known as chon

drocytes (Table 13-1). The matrix is made up of an i ntri

cate net'ivork of collagen fibers surrounded hy proteo

glycans and glycoprotei ns. The concen tration of these 
constituents of articular carti lage differs from one part of 

the joint surface to another and a lso at (Iifferent depths 

from the jo int surface (,i les, 1992a , 1992b) . 

Fresh hya l i ne carti lage is bluish white ami transluc ·'nt. 

In stained, fixed prepa rations, the matrix appears glassy, 

homogeneous, and smoot h .  D istributed throughout the 

matrix are spaces cal led lacunae, and within the lacunae 

are the chondrocytes. As with all carti lage, Z joint  artic

u la r  cartilage has no nerve supply and no d i rect blood 

supply. Chondrocyres must receive nu trients by d iffu

sion across the cartilage matrix from several sources. 

These sources i ncl ude the b lood vessels within the syno

vial membrane that is loca ted along the peripheral mar

gin of the nonarticu lar portion of the cartilage, the sy

novia l  tlu id ,  and the blood vessels in tile adjacent bone 

(Wi l l iams et aI., 1989) 

Chondrocytes are found either s ingly in the lacunae or 

in clusters of two or more chondrocytes. These clusters 

are called cel l  nests or isogenous cell  groups (Fig. 13-'). 

The cel ls with i n  the nests have arisen from the mitotic 

activity of a single chond rocyte. Therefore the presence 

of isogenous ce l l  groups signifies cartilage growth (in

terstit ia l  carti lage growth). This is supported by electron 

m icroscopy findings revealing that the chondrocytes 

w ithin a cell nest exh ibit a well-developed rough endo

plasmic reticululll, a Golgi comp lex, and a large amount 

of glycogen and l ipid. 

Articular cartilage d iffers from typical bya.line cartilage 

in that the articular surface does not possess a covering 

of perichondrium (Gi l es, 1992b; Wi I l iams et ai, 1989). 

Instead, the cells of the articular surface appear flat 

and are c loser together than they are farther within the 

carti lage matrix. In addition, the matrix of the a rticular 
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FIG. 13-1 The zygapopl1yseal joint (Z joint). A and B, Z jOint from a posterior view and a 

horizontal section, respectively. C, Z joint after magnification by approximately a factor of 10. 
The articular cartilage, subchondral bone, and articular capsule are prominently displayed. In 

alldition, a Z joint synovial fold i� prominent. Notice that the articular capsule has an outer, 

tough fibrous region. The center of rhe synovial fold is more vascular and contains adipose tis

sue. A nerve can be seen pas�ing through this latter region. A synovial lining can be �een on 

the deep sllrface of the articular capsule and the synovial  fold. The box enclosing the synovial 

fold and a portion of the superior articular process is the region shown at higher magnificatiOn 

in Fig. 13-7 
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Superior articular 
process of L3 �114�� ........ � 

Vertebral 
body of L3 

L3-4 

intervertebral 
disc 

L2-3 

Z joint 

L3-4 

intervertebral 
foramen 

Hya line 
cartilage 
facet of 
inferior 
articular 
process of L3 

FIG_ Ij-l Parasagitral section through the L:) and Ui region of a caclaveric spine. 

I:I(J. 13-.� Magnetic resonance imaging scan of the lumbar 

region performed in a parasagitral plane. Till: plane of section 

roughly corresronlis to that of Fig. 13·2. Notice tbe interverte

bral discs, the intervettebral foramina, and their contents. 

surface becomes dense and fibrous. The collagen fibers, 

which course perpendicular to the articulating surface 

from deep within the cartilage matrix, curve as they 

reach the jOint surface and become oriented parallel to 

the free edge of the articular cartilage. 

Cartilage \Iatrh;. The cartilage matrix im mediately 

surrounds the lacunae contain i ng the chond roc)'tes. T'he 

matrix of hya l ine cartilage consists of collagen (type II) 

fibers, a sma II number of elastic fibers, and an amor

p hoLls groumi substance. The ground substance consists 

primarily of proteoglycans and glycoproteins. Each of 

these components of the cartilage ma trix contributes to 

the strength, longevity, and resil ience of this tissue. 

Collagen. The coHagen component of hyaline carti

lage consists of type II collagen fibe rs. These fibers are 

relative ly th in  and course i n  a l l  d i rections within the car

tilage. They are usua lly not visible with the l ight micro

scope becaLlse they are masked by another �omponent 

of the cartilage matrix, the ground substance. The colla

gen fi bers can be seen eas i ly with an electron m icro

scope. 

Col lagen functions to bind the carti lage together, p ro

tect the chondrocytes, al low for a ttachment of the artic

ular cartilage to the subchondral bone, and help resist 

comp ressive loads (Giles, 1992a). Because collagen is an 

extremely important constituent of a l l  the connective 

tissue components of the Z joints and the IVOs, it is dis

cussed in detail in Supporting Cells and Extracel lular 

MatriX of Connective Tissue: Functional Components. 
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F1{ •. 13--1 Extracellular matrix of hyaline cartilage. Notice the abundance of collagen tibtils 

and prott'oglycan aggregates. 
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FIG. 13-5 Light micrograph of hyaline (articular) cartilage. 

The cartilage is from the distal tip of a fetal phalarD( (LOOX). 
Developing articular cartilage of the zygapophyseal joints is 

quite similar. 

Ground substance. Chemical analysis of the ground 

substance of the extracellular matrix of hyaline cartilage 

reveals that it contains a small amount of glycoproteins 

and a high concentration of three types of glycosamino

glycans: hyaluronic acid, chonclroitin sulfate, and ker

atan sulfate. The chondroitin and keratan sulfates are 

joined to a core protein to form a proteoglycan mono-

mer. These macromolecules interact with the collagen 

and elastic fibers of the hyaline cartilage matrix (Fig. 

13-6). 
The single core protein of the proteoglyc<ln molecule 

has a molecular weight of 200,000 to 350,000 daltons. 

The core proteins represent approximately 7% to 12lX, of 

the cll)' weight of cartilage. Bound to each core protein 

are 80 to 100 chondroitin 4-sulfate and chondroitin 6-sul

fate chains, each with a molecular weight of 20,000 dal

tons. These two glycosaminoglycans make up 80% to 

85'Y., of the dry weight of hyaline cartilage. In addition, 

approximately 50 chains of keratan sulfate, each with a 

molecular weight of 5000 daltons, are also attached to 

the core protein. Keratan sulfate contributes approxi
mately 7% of the total dly weight of hyaline cartilage. 

At one end of each core protein is a hyaluronic 

aCid-binding region (Fig. 13-6). At this site the proteo
glycan units are joined to hyaluronic acid molecules to 

form long proteoglycan-hyaluronic acid (PG-HA) aggre
gates. The interaction of the proteoglycan monomer 

with hyaluronic acid is strengthened by the presence of 

a link protein (Fig. 13-6). Proteoglycans and glycosami
noglycans are discussed in further detail later in this 

chapter with regard to the IVD. 

Chondronectin is a glycoprotein found in cartilage. 

Glycoproteins differ from proteoglycans by their low 

carbohydrate content, different repeating disaccharide 

units, and the absence of sulfate esters. Chondronectin 
participates in the adhesion of chondrocyres to type II 
collagen. Common glycoproteins found in other body 

tissues include laminin and fibronectin. Laminin is found 
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Table 13-1 The:: Cells of Connective Tissue 

CeU type Function Distribution 

Fibroblasts Synthesize and secrete Throughout all loose and 

collagen, elastic fibers, dense connective tissue 

reticular fibers, and 

proteoglycans (among 

other molecules) 

Support ligaments, ten-

dons, bone, skin, blood 

vessels, and basement 

membranes 

Chonclroblasts Synthesize and secrete Present in hyaline carti-

extraceUular matrix of lage of articulations (Z 

cartilage joints) and fibrocarti-

Synthesize and secrete lage of intervertebral 

collagen, elastic fibers, discs; also found in 

and glycosaminoglycans elastic cartilage 

Support articular cartilage 

Osteoblasts Synthesize and secrete In bone 

extraceUular matrix of 

bone 

Myofibroblasts SyntheSize and secrete 1n blood vessels and skin 

components of the ex- throughout the body 

tracellular matrix 

Capable of contractility 

Adipocytes Synthesize and store Throughout body 

lipids 

Provide a cushioning and 

padding function 

Macrophages 1nvolved in phagocytosis Throughout body 

Mast cells Functionally similar to ba- In the lamina propria, es-

sophils; granules of ba- peciaUy of the digestive 

sophils and mast cells and respiratory sys-

contain heparin (an an- tems; around blood 

ticoagulant), chondroi- vessels; and lining 

tin sulfate, histamine, serons cavities 

and Jeukotriene 3 

characteristics MisceUaneous 

Fla t, stella te cells with Most abundant cell type 

dark, ovoid, staining found in connective tis-

nuclei and one or two sue proper 

nucleoli 

Microscopically, may ap-

pear to be of different 

shapes because of the 

plane of sectioning 

Metabolically active with Occupy artificial spaces, 

large vesicular nuclei called lacunae, which 

and prominent nucleoli are located in the ma-

Cytoplasm pale and vacu- trix of cartilage 

olated because of high Chondrocytes (mature 

content of lipid and chondroblasts) similar 

glycogen to chondroblasts ex-

cept smaller with 

lower metabolic ac-

tivity 

Basophilic cytoplasm re- Osteocytes (mature 05-

slilting from the pres- teoblasts) similar to 05-

ence of a large amount teoblasts but less active 

of rough endoplasmic in matrix secretion; oc-

reticu.lum that produces cupy spaces in rhe ma-

glycosaminoglycans and rrix of l)one known as 

glycoproteins lacunae 

Resemble fibroblasts with Develop during repair 

light microscopy, but after tissue damage; 

ultrastructurally contain produce collagen; con-

actin filaments for con- tractile properties asso-

traction cia ted with retraction 

and shrinkage of fi-

brous (scar) tissue 

Small nuclei with abun-

dant lipid in cytoplasm 

Derived from monocytes Highly motile cells that 

and assume several dif- can move actively from 

ferent forms one compartment of 

the body to another 

when stimulated by im-

munoglobulins and 

antigens 

Cytoplasm stains baso-

philic and metracilro-

matic 
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A B 

FIG. Ij·6 A, Stl"llcture of a proteoglycan monomer. Notice 

several glycosaminoglycan chains (chondroitin sulfate and ker

aean sulfate) attached to a core protein. The protein molecule 

can attach LO a long hyaluronic acid molecule to help to form 

in basal laminae and is partially responsible for the ad

hesion of epithelial cells. Fibronectin is found in blood, 

plasma, fibroblasts, and some epithelial ceUs and helps 

to mediate normal cell adhesion and migration (Table 

13-2) 

ClilJicai and biomecl1ullical considerations. Nor

mally, tluid moves out of articular cartilage when it is 

compr ssed and back into the cartilage when the Z joint 

is distracted. Such movement may help nutrients diffuse 

through the matrix to the chondrocytes. Articular carti

lage can deform considerably when heavy compressive 

loalls are applied to a joint. However, it returns to its pre

vious state when the load is r moved. If injured, articu

lar cartilage heals rather slowly (a 1 mm defect heals in 

about 4 weeks). Passive movement of the joint may stim

ulate cartilage regeneration, whereas immobility results 

in the development of adhesions. Intermittent light 

weight-bearing activity does not stimulate cartilage re

generation but does stop the development of adhesions 

(Triano, 1 992). 
Articular cartilage becomes yellow, thinner, and more 

brittle with age, :10(1 undulations that may develop into 

ragged projections appear as a result of "wear and tear" 

of the joint surface (Williams et aI., 1992). Also with age, 

fissures or "cracks" may develop in the articular carti

lage. The development of such fissures is known as fi

brillation of articular cartilage. The fissures may extend 

from the joint surface to the subchondral bone. 

ZygapophysealJoint Articular Capsule 

The Z joint capsules throughout the vertebral column 

are thin and loose. They are attached to the margins of 

a proteoglycan aggregate. B, An example of an indiviuual gl)'
cosaminoglycan chain, in this case chondroitin 6-suLfate, and 

its attachment to the core protein. (Courtesy Dino Juarez, The 

National College of Chiropr<lctic.) 

the opposed superior and inferior alticular facets of the 

adjacent vertebrae (Williams et aI., 1 989) . The capsules 

are longer and looser in the cervical region than in the 

lumbar and thoracic regions. The articular capsule of a 

typical Z joint covers the joint's posterolateral surface. It 

consists of an outer layer of dense fibroelastic connec

tive tissue, a vascular central layer made up of areolar tis

sue and loose connective tissue, and an inner layer con

sisting of a synovial. membrane (Giles & Taylor, 1 987). 
The outer, connective tissue layer of the capsule is tough 

ami is essentially made up of parallel bundles of collagen 

fibers that are primarily oriented in the hOIizontal plane. 

A few fibroblasts and fibrocytes and a small amount of 

ground substance are also found in this layer (see 

Supporting Cells and Extracellular Matrix of Connective 

Tissue: Functional Components). The collagen fibers of 

the capsule attach to the adjacent surfaces of the supe

rior and inferior articular processes, just peripheral to 

the articular caltilage. In fact, a gradual transition occurs 

from the joint capsule to fibrocaltilage and finally to the 

articular cartilage of the Z joint. The capsules have a rich 

sensory innervation (Giles & Taylor, 1 987). However, 

they have a rather poor blood supply, which s.lows the 

healing of these stmctures once they are damaged 

(Giles, 1 992b). The multifidus lumbomm muscle at

taches to the articular capsule, which lies just medial to 

the primary attachment of this muscle to tile mamUlalY 

process. The multifidus lumbomm muscle may help to 

keep the capsule Ollt of the joint space (Taylor & 

Twomey, 1986). 
The articular capsules are thinner superiorly and infe

riorly, where they form capsular recesses that cover fat

filled synovial pads. Defects exist within the superior 

and inferior aspects of the joint capsule and allow for the 



400 SPINAL DEVELOPMENT AND MICROSCOPIC ANATOMY 

Table 13-2 Fibers Found in C onne c tive Tissue 

Fibn type Function Distribution M iscella neous 

Collagen Provides rigid support and tensile 

strength to tendons, ligaments, 

cartUage, bone, and interverte

bral discs 

Ttu'oughout body Most abundant and most important 

of the extracellular fiblillar pro

teins in the hu man body 

FibrilJin Main component of extracellular 

microfibrils, which are one con

stituent of e lastic fibers 

Microfibrils pwmote adhesion be

rween different components of 

the extracellular matrix. 

Throughout body FibriUin is a glycoprotein that 

forms fibrils 

Elastic fibers Provide elasticity to tissues and 

allow them to recoil after 

stretching 

Blood vessels, skin, and ligaments 

Large elastic fibers found in the 

ligamenta flava 

Composed of glycoprotein microfil

aments (ftbriIlin) surrounding a 

core region of elastin 

Also present in elastic cartilage of 

the ear, epiglottis, lungs, vocal 

cor(ls, anel pleura 

Reticular fibers Provide a line scaffolding that sup- Throughout body Thin fibrils, identical to small colla

gen fibri ls (about 20 nm in cliam

eter); exhibit a 67 11m periodicity 

of type III col lagen (see Table 

ports the extracellular matrix in 

basal lam inae (basement mem

branes) 

1 'H) 
Fibronectin Serves as an intermediate protein 

in the extracellular matrix, 

where it connects cells to other 

extracellular matrix compo

nents, especia lly collagen and 

certain glycosaminoglycans (e.g. , 

heparin) 

Throughout body Dimer glycoprotein, synthesized by 

fibroblasts and some epithelial 

cells (molecular weight, 230 to 

250 kilodaltons) 

passage of small nerves and vessels. The synovial joint re

cesses and the deve lopment of synovial joint cysts are 

discussed in further detail with the lumbar region, 

where they have been studied the most extensively (see 

Chapter 7) . Also, the specific innervation of the Z joint 

capsule by the medial branch of the posterior p rimary di

vision (dorsal ramus) is discussed in Chapter 2. 

Ligamentum Flavum. The ligamentum flavum takes 

the place of the joint capsule anteriorly and medially. As 

discussed previously, this ligament passes from the ante

rior and inferior aspect of the lamina of the vertebra 

above to the posterior and superior aspect of the lamina 

of the vertebra below. However, the lateral fibers of this 

ligament course anterior to the Z joint, attach to its mar

gins, and form its anterior capsule. Synovial extensions, 

or cysts, protrude out of the Z jOint and along the at

tachment sites of the ligamentum flavum to the adjacent 

superior and inferior articular processes. 

The ligamentum flaV1.lm is 80% elastic fibers and 20% 
collagen fibers. The elastic fibers within the ligamentum 

l"lavllm prevent it from buckling into the intervertebral 

foramen (IVF) and vertebral canal, thus sparing the con

tents of these regions. 

Synovial Membrane 

The synovial membrane (synovium), or joint lining, is a 

condensation of connective tissue that covers the inner 

surface of the fibrous capsule, thus forming a sae that en

closes the joint cavity (Fig. 13-7). Therefore the region of 

a diarthrodal joint surrounded by a synovium is known 

as the synovial cavity. The synovium covers the nonar

ticular bone that is enclosed within the joint capsule and 

courses to the margin of the articular cartilage, where a 

transition zone exists between the synovium anel the ar

ticular cartilage. The synovium does not cover the load

bearing surface of the cartilage. The joint cavity normally 

contains a small  amount of a highly viscous tluid, rich in 

hyaluronic acid that lubricates the jOint surfaces. This 

fluid is known as synovial fluid and is produced by the 

cells within the synovial membrane (see Synoviocytes). 

The major function of the synovial membrane is to pro .. 

duce synoviallluicJ. Another function is to absorb waste 
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Hyaline cartilag 

Trabecu lar � 
bone 
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Adipose and 
vascular region 
of synovia l  fold 

_ �� F ibrous portion 
� - _ of capsule 

FIG. 1 3-7 Portion of the Z joint at a magnification of approximately 40 times actual size. The 

region here is shown by the box in Fig. 1 3- 1  POltions of the articular cartilage, subchondral 

bone of the superior articular process and mamillar)' process, the articular capsule, and the 

Z joint synovial fold can be seen. 

products of metabolism and cellular debris before they 

can accumulate in the Z joint cavity. 

The innermost portion of the synovium is composed 

of one to three layers of specialized cells, known as syn

oviocytes or synovial lining cells. These cells form the in

timal layer. Beneath this layer is a loose network of 

vascular areolar connective tissue that contains a rich 

blood supply. This layer is known as the synovial subin

timal layer. It possesses many elastic fibers that probably 

serve to pull the synovium out of the joint cavity. The 

synovium is innervated by sensory nerve endings. 

Typica l ly ,  projections of the synovial layer extend into 

the synovial cavity as Z joint  synovial folds (Giles, 

1 992a). Their purpose is to fill in the small gaps along 

the periphel1' of the jOint, where the articular cartilages 

of the opposing surfaces do not normally come in con

tact with one another. These folds also produce synovial 

fluid and provide an efficient mechanism for the distrib

ution of this fluid directly into the joint cavity. 

Z joi.nt synovial folds contain a relatively large amount 

of adipose tissue at the region of their attachment to the 

fibrous layer of the articular capsule. They possess a sen-

sory nerve supply, and at times they may extend a con

siderable distance into the joint, in which case their cen

tral tips are usually fibrous. Entrapment of these folds 

within the Z joint has been implicated as a possible 

cause of back pain. Giles (1 992a) also states that trau

matic synovitis of these folds may cause the release of 

pain-mediating agents and subsequent back pain .  

Synoviocytes 

Transmission electron microscopy studies reveal that 

the free surface of the synovial membrane (synovium) is 

lined by a d iscontinuous layer of cells, known as syn

oviocytes. Although synoviocytes resemble other con

nective tissue cells, they differ from ordinary fibroblasts 

(see Table 1 3-1) in their ultrastll..lctural features and 

metabolic activities. 

Synoviocytes have been classified into two types 

based on their cellular morphologic stmcture : fibroblast

like cells, or type A synoviocytes, and type B synovio

cytes. Type A synoviocytes are somewhat numerous 

and are characterized by the presence of abundant 
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cytoplasmic organel les such as endoplasmic reticu Lum . 

These cells are involved in secretion and are believed to 

synthesize hyaluronic acid a nd glycoproteins (see fol

lowing discussion) . Type B synoviocytes are similar to 

macrophages and are i nvolved in phagocytosis. Types A 

and B synoviocytes are not connected by junctional com

plexes and do not rest on a basement membra ne, and 

therefore they do not constitute an epi thelial  l ining of 

the joint cavity. However, they do create a smooth se

creting surface for the synovi um.  Smal l  folds of syn

ovium, or synovial vil l i ,  can be foun d  periodicaJly along 

the surface of the synovial m embrane. 

The synovial fluid produced by the type A synovio

cytes is rich in hyaluronic acid and also contains protein, 

although i ts protein con tent is less than that of blood 

plasma (Tria no, 1 992; Will iams et aI., 1 989). The hyal

u ronic acid imparts synovia l  fluid with great viscosity. 

Coiling of the hyaluronic acid molecules and interlock

i ng between differen t  molecu les a l low the synovial fluid 

to act as a shock absorber duting compressive loads. 

During shear forces, however, the COi led hyaluronic ac id  

molecules straighten and the interlocking between mol

ecules decreases, reSUlting in very smooth , low-frict ion 

movement between the adjacent Z joint surfaces. 

Supporting Cells and Extracellular Matrix 
of Connective Tissue: Functional 
Components 

Since the Z joi nts are composed of connective tissue, a 

brief discussion of the normal  characteristics of this type 

of tissue is essential for a complete understanding of the 

stnICture and function of the Z joints.  Therefore, this 

section discusses the ceJlular and extracellular compo

nents of connective tissue. 

I <lrl} Connect tve fisslic ( Mescnch) me ). The con

nective tissue appealing i n  embryonic and early fetal de

velopment is called mesenchyme .  When examined u n

der the light microscope, this type of tissue is seen to be 
composed of large stellate or spindle-shaped ceUs that 

are separated by an abundant amount of i n tercel lu lar 

substance. Early e mblyonic mesenchymal tissue does 

not contain fiber bundles. Instead, it is composed of fine 

reticular fibri ls  (type 1II collagen) embedded in a gelati

nOLlS, amorphous ground substance that is rich in gll'

cosam inoglycans. Embryonic mesenchymal tissue is de

sClibed as a mu ltipotent and p l u ripotent tissue. This 

suggests that mesenchymal cel ls undergo extensive mi

tosis and develop i nto many d ifferent types of con nec

tive tissue and related cells during fetal and adult  life . 

Matun' Con nc(:tivc Tissue. Connective tissue is re

sponsible for mainta ining structural i nterrelationships 

between t issues and cells ,  includ i ng the tissues and cells 

of the spine. All connective tissue is composed of cel ls , 

extracellular fibers, an amorphoLlS ground substance , 

and tissue fl uid . Tile extrace l lular fibers and ground sub

stance form the extracel lu lar matrix. In contrast to other 

body tissues (e .g . ,  epithel ium, m uscle), connective tis

sue contains fewer cdls in proportion to the amount of 

extracelJu lar matrbc Based 011 the composition of the e x

tracel lular matrix, adult  connective tissue is classified 

i nto three main types: connective tissue proper, carti

lage, a nd bone . The composition of the extrace ll u lar ma

trix varies among these three types. In connective tissue 

proper the extracel lular matrix is soft; in carti lage it  is 

m uch firmer, is partially calcified,  bl lt is flexib le in na

ture; a nd in bone the matrix is rigid because of the 

presence of ca lcium salts, which are in the form of hy

d roxyapatite crystals. 
Cartilage and bone are specia l ized types of connectiv e' 

tissue. Based 011 characteristics of the ground substance 

matrix, tbree histologic types of carti lage are encoun

tered : 
• Hya Lin e  cartilage 

• Elastic cartilage 

• Fibrocartilage 

Hyal ine cartilage is discussed in the previous section 

a long with the Z jOints, and fibrocartilage is discussed 

with the rVD . Elastic carti lage is not related to the spine 

and therefore is not d iscussed in this chapter. 

Cells of connective tissue. As mentioned previously. 

connective tissue consi:;ts of cells, fibers, and ground 

substance. The type of supportive resident cells found 

i n  connective tissue varies conSiderably and may include 

fibroblasts, chondroblasts and chondrocytes, and os teo

b lasts and osteocytes. These cel l s  are i m portant when 

considering the connective tissue of spinal structures. 

Adipocytes, m ast cel l s ,  macrophages, a nd myofibroblasts 

are also found in connective tissue in various parts of the 

body. The functions and primary characteristics of these 

cel ls  are listed in Table 1 3- l . 
In addition to the resident cells of connective tissue 

described in Table 1 3- 1 ,  connective tissue abo contains 

immigrant cells. These include a l l  the formed cellular el

ements found in blood with the exception of eryth ro

cytes. The immigrant cells include the neutrophi ls. 

eosinophils, basophils, monocytes, a nd plasma cells. 

When inflammation occurs, these immigrant cells leave 

the circulation and join fibroblasts and other connective 

tissue resident cells, such as macrophages. Once in the 

connective tissue, they figh t  microorganisms that cause 

inflammation and clean up (phagocytize) the debris that 

results from this process. 

Fibers of connective tissue. Another of the th ree el

ements of connective tissue is the fiber component. The 

types of fibers found in connective tissue are collagen,  
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fibri l l in,  elastin, reticulum, and fibronectin. The func

tions of each of these are listed in Table 1 3-2 . 

Collagen Synthesis. The most i mportant fiber type 

of connective tissue is co llagen . Col lagen is a major com

ponent of connective tissue proper, cartilage, and bone. 

Collagen fibers are fou nd i n  a bu ndance throughout the 

articular capsule and hyaline carti lage of the Z j oints and 

also throughout the IVDs. Collagen fibers are composed 

of collagen macromolecules, which are the most abun

dant protein in the human body. Collagen fibers are flex

ible ancl strong, and they are made up of a bundle of fine, 

threaclHke subunits ca lJed collagen fibrils. Collagen is a 

stable protein lmder the physiologic conditions that ex

ist in connective tissue; however, collagen is constantly 

being degraded and replenished by collagen-secreting 

cells .  

For many years, it was believed that collagen synthesis 

occurred primalily in fibroblasts, chondrob lasts, os

teoblasts, and odontoblasts, but recent investigations in 

collagen bio logy indicate that many other cell types pro

duce this u nique protein. Collagen synthesis has been 

studied quite extensively in fibroblasts (Wil liams et a I . ,  

1 989) Fibroblasts have the extensive endoplasmic retic

u lum and weJl-developed Golgi apparatus required of 

cells actively involved in protein synthesiS. Labeled 

amino acids endocytosed by fibroblasts can be followed 

autoradiographically to the rough endoplasmic reticu

lum (rER), later to the Golgi complex , then to the out

side of the fibroblast, and eventually to the newly 

formed collagen fibers. This evidence indicates that the 

collagen synthesis pathway is similar to that of o ther pro

teins. Fibroblasts synthesize collagen de novo and se

crete it into the extracellular matrix. Fibroblasts also 

have the abil ity to break down collagen with specific 

degradative enzymes cal led collagenases. 

Collagen is a ubiquitous substance that is extremely 

important in the integrity of both the Z joints and the 

lVDs. Cun-ent research,  and possibly future treatments 

(nutlitional and pharmacologic) related to these two re

gions of the spine, may involve the individual steps of 

collagen synthesis. Because of the clinical importance of 

collagen synthesis, this pathway is briefly discussed 

here. 

Collagen synthesis begins inside cells. However, the fi

nal processing and assembly into fibers takes place after 

collagen building blocks have been secreted outside the 

manufacturing cells. The intracellular events include syn

thesis of proalpha chains in the rER, hydroxylation and 

glycosylarion of proal ph a chains into triple helices in the 

Golgi apparatus, and formation of secretory granules 

(vesicles). The extracellular events include cleavage of 

extension peptides, fibrillogenesis and cross-linking, and 

assembly of fibrils into mature fibers (Fig. 1 3-8). The box 

to the right shows the events (steps) involved in colla-

gen synthesis w ithin the fibroblast (steps 1 through 9) 

and outside the fibroblast in the extracellular matt-L'( 

(steps 1 0  through 1 2) .  

COllAGEN SYNTI lE ... -;IS 

1 .  Uptake of amino acids via endocytosis 

J-
2. Formation of messenger ribonucleic acid (mRNA) 

J-

3. Synthesis, by Iibosome, of alpha chains with pep-

tides 

4. HydroXylation of amino acids 

J-

5. Glycosylation of specific hydroxyl-1 residues in 

rough endoplasmic reticulum (rER) 

J-

6. Formation of procoJlagen in rER and movement 

into transfer vesicles 

7. Packaging of the procollagen by the Golgi complex 

into secretory vesicles 

J-

8. Movement of vesicles to plasma membrane assisted 

by micro filaments and microtubu\es 

J-
9. Exocytosis of procollagen 

J-

I n. Cleavage of procolIagen to form tropocollagen 

J-

1 1 .  Polymerization of tropocollagen into collagen mi

crofibril 

1 2 .  Polymerization of collagen microfibrils into a com

plex, 1 to 1 2  /Jm collagen fiber 

The amino acid composition of collagen is one of the 

features that makes collagen such a unique protein . Four 

amino acids compose most of the polypeptides in the 

collagen macromolecules. The principal amino acids 

that make u p  coHagen are glycine (35%), proline ( 1 2%), 

hydroxyproline ( 1 0%), and alanine ( 1 1 %). In the cyto

plasm of the fibroblast, approximately 250 to 300 amino 

acids are combined by polyribosomes associated with 

rER to form a polypeptide with a molecular weight of 

30 ,000 daltons. This step of " translation" is performed 

under the control of messenger ribosomal ribonucleic 

acid (mRNA). Three polypeptide chains are combined 
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FIG. 13-8 IntrilceUular steps involved in col lagen synthesis. The num bers refer to the box 
on p. 40:) 

i n to polypeptide alpha triple helices with a molecular 
weight of approximately 1 00,000 daltons. These triple 
hel ices are released into the cisternae of rER (see the 
box on p .  403, steps 1 through 3). The th ird amino acid 
i n  each a lpha chain of the newly formed triple helix is 
glyc i ne .  The amino acid fol lowing glycine is frequen tl y  
p roline,  and t h e  amino acid preced i ng t h e  glycine is  fre· 
quently hydroxyproli ne .  Differences in the chemical 
structure of the alp l1a chains are respo nsible fo r at least 
1 1  d ifferent  types of collagen that have been ident ified 
to date Cra ble 1 3·�). 

Several mod ifications of the polypeptide chains occur 
within the cisternae of rER and t he Golgi apparatus (see 
the box, steps 4 to () and Fig. 1 3-8). Disulfide bonds are 
formed within each polypeptide chain and between ad
jacent chains.  Vitamin C is required for the formation 
of the d isulfide bonds, and its absence results i n  certain 
collagen-related diseases such as scurvy. This bonding 
gives shape ancl stab i l i ty to the triple-helix collagen mac-

romolecule. The structure formed now constitutes a pro
collagen molecule .  The procoUagen m o lecule moves to 
the exterior of the cell via secretory granules (see the 

box, steps 7 to 9 and Fig. 1 3-8). Further mod ifications 
are made outside the cell .  For example, enzymes c leave 
most of the u ncoiled amino acids, thereby converting 
procollagen to tropocollagen molecu les. These eventu
ally aggregate to produce col lagen fibrils (see the box, 
steps 10 to 1 2) .  Cross-links between lysine and hydroxy
lysine are then formed , giv ing the mo lecuJe i ts tensile 
strength. 

The tropocollagen molecu les are 300 nm long and 1 . 5 

nm in diameter. They consist of three polypeptide 
chains t hat are twisted arou nd one another to form a 
right-handed superhelix with a head and a tail end. 
Numerous tropocollagen molecules l ie end to end and 
also in parallel chains or rows. All  the molecules face the 
same direction, and between the parallel rows, a pproxi
mately one quarter of the length of the tropocollagen 
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Table 1 3-3 C h ara cterist ic s of CoHage n Types I to XI 

Collagen 
type Distribution 

Outer anulus fibrosus, 

loose fibrous tissue, 
skin dermis, tendons, 

bones, l igaments, fasc

ia, sclera, dentin, organ 

capsules, fibrocartilage 

1I Z joint articular cartilage, 

intervertebral disc (an

ulus fibrosus, nucleus 

pulposus), cartilage 

end plate, hyaline and 

elastic cartilage, vitt'e

ous of eye 

1fI Blood vessels, smooth 
lllllscle, endoneurillm, 

bone marrow, uterllS,  

lymphoid tissue, kid

ney, l ung 
rv Epithelial  and endothelial 

basement membranes, 

lens capsule 

V Basement membl-;Jnes of 

VT 

VII 

V III  

IX 
x 

XI 

placenta, smooth and 

skeletal muscle 

Fine filaments of elastic 

tissue 

Anchoring fibrils in base

ment membrane of 

skin and amnion 
Placental membranes, 

endothel ium 

Cartilage 

Mineralized cartilage 

Cartilage 

" Insufficient data .  

light microscopy 

Large-banded collagen 

fiber, closely packed, 

thick, nonargyro-
philic 

Loose collagenous net-

work visible only 

with p icro-Sirius 

stain and polarize(l 

microscope 

Small-banded collagen 

fiber, forms reticular 

networks, weakly hi-

refringent greenish 

fibers 

Sheetlike layers 

Thin fihrits 

Thin fibrils 

Short, striated fibrils 

molecule overlaps. Therefore a tropocollagen molecule 

of one row ends approximately one quarter of the dis

tance along the length of another tropocollagen mole

cule of an adjacen t  row. This configuration results in a 

regular 64 to 67 nm periodicity that is clearl y visible on 

an electron micrograph. Fig. 1 3- 10 shows collagen fibers 

within the fVD. 

The finest strand of collagen that can possibly be seen 

with the light microscope is the fibril, which is about 0.2 

to 0 3  )Jm in diameter. A fibril is made up of still smaHer 

units that have a diameter of 45 to 1 00 nm. These are re

ferred to as microfibrils. Newly formed microfibrils are 

only about 20 nm in diameter, and evidence shows that 

they increase in size with age. Most microfibrils are visi

ble only with the electron microscope and dem onstrate 

Uitrastn.cture 

Densely packed, 

thick fibrils with 

marked variation 

in diameter 

Very thin fibrils, em-

bedded in a bun-

dant ground sub-

stance 

Loosely packed, thin 

fibrils with more 

nniform (liameter 

Neither fibers nor 

fibrils 

Produced by 

Fibroblast, chondro-

blast, osteoblast, 

odontoblast 

Chondro blast 

Smooth muscle cells, 

fibro blast, reticulo-
cyte , hepatocyte 

Endothelial and ep i-
tllelial cells, mus-

cle ceUs 

Fibroblast 

Endothelial cells 

Endothelial cells 

Endothelial cells 

Chond roc)'tes 

Hypertrophic chon

drocytes 

Chondrocytes 

Function 

Resistance to 

tension 

Resistant to 

intermittent 

pressure 

Structural 

maintenance 

Support and 

filtration 

the characteristic cross-banding with a periodicity of 64 
to 67 nm. The parallel assembly of microfibrils forms fib

rils. The fibrils, in turn, aggregate in bundles to form the 

thicker collagen fibers. These fibers have a diameter 

ranging from 1 to 1 2  !Jm or more. 

Types of Collagen. At present, 11 different types of 

collagen have been positively identified. They are desig

nated as types I through XI (Table 1 3-3). Types I to V are 

the most abundant types of collagen. Types VI to XI are 

considered to be less important because they occur in 

smaiI quantities. 

Types I, II ,  and I II are arranged as rope like fibrils and 

are the main forms of fibrillar collagen. Type I collagen 

consists of two alpha-l chains and one alpha-2 chain and 
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represents 90% of all collagen fibers distributed in con

nective tissue. Because type I fibers resist tensile 

stresses, their orientation and cross-linking vary accord

ing to the local environment. Type I collagen is found in 

bone, tendon, and the anulus fibrosus of the NO. It is 

also found in the skin and cornea (Table 1 3-3) . 
Type II collagen fibers are small ,  banded fibrils aver

aging 20 nm in diameter. They help to form the extra

cellular matrix of hyaline cartilage, including that of the 

Z joints and end plates of the NOs. Type 11 collagen is 

found in the nucleus pulposus of the IVD . It is also found 

in elastic cartilage and the cornea and vitreous body of 

the eye. These fibers demonstrate a high electrostatic at

traction for the chondroitin sulfate glycosaminoglycans. 

Type II  collagen contains a higher degree of lysine hy

d rox.]'lation than type I collagen. 

Type III and type IV collagen are well distributed 

throughout the body but are not found to any great ex

tent in Z joints, the IVDs, or other spinal structures. The 

key features of these fibers amI collagen types V through 

Xl are listed in Table 1 3-3 .  

Ground Substance. The cells and fibers of connec

tive tissue are surrounded by a translucent, fluidic, ho

mogeneous, gel-like matrix called amorphous ground 

substance (Bloom & Fawcett, 1 986) . The ground sub

stance exhibits no structural organization that is visible 

with light microscopy. Extracellular amorphous ground 

substance plays a vital role in the regulation of tissue nu

trition, support, and maintenance of proper water con

tent. Based on chemical analysis, the extracellular 

ground substance of connective tissue has the physical 

properties of a viscous solution or thin gel and consists 

of proteoglycans and glycosaminoglycans of various 

types. Proteoglycans and glycosaminoglycans are an im

pOl·tant  part of the hyaline cartilage of the Z joints and 

the vertebral end plates of the NOs. They are also being 

studied with regard to the anulus fibrosus and nucleus 

pulposus of the IVO. Therefore, glycosaminoglycans and 

proteoglycans are discussed in further detail with the ar

ticular cartilage of the Z joint (see previous d iscussion) 

and with the IVO (see following discussion). 

MICROSCOPIC AND MOLECUlAR 
STRUCTURE OF TIlE INTERVERTEBRAL 
DISCS 

The vertebral bodies are united by symphyseal jOints, 

and these joints are made up of the IVDs. The IVDs per

mit a limited amount of movement between the verte

bral bodies while main taining a union of great strength. 

The intrinsic stability of the motion segment (two adja

cent vertebrae and the ligaments, including the disc, be

tween them), and therefore of the whole spine, results 

mainly from the IVOs and the ligaments associated with 

them (Bogduk & Twomey , 1 99 1 ) .  The spine's extrinsic 

stability is provided by the paraspinal and trunk muscles. 

IVDs (Fig. 1 3-9) are important parts of the spinal col

umn and play an active and important role in the spine's 

physiologic function. The physical properties, elasticity, 

and resiliency of the IVOs allow them to give support to 

the spine and act as soft cushions and shock absorbers . 

The IVOs also allow the spine to return back to its origi

nal shape after being compressed or stretched (Chai 

Ben-Fu & Tang Xue-Ming, 1 987). 

The IVO consists of three main parts: the outer anulus 

fibrosus, which consists of a series of fibrocartilaginous 

rings; the inner gelatinous nucleus pulposus; and the car

tilaginous end plates of hyaline-like cartilage. The end 

plates are located between the bony vertebrae and the 

other parts of the IVO (Ghosh, 1 990). 
Each IVD is reinforced peripherally by circumferential 

ligaments (Fig. 1 3-9, A). A thick anterior longitudinal lig

ament extends down the anterior aspect of the spinal 

colwnn and is attached to the vertebral end plates. It 

provides additional anterior support to the anulus fibro

sus. A thinner posterior longitudinal ligament spans 

across the posterior aspect of each disc and is firmly at

tached to the IVO 's  posterior aspect. 

The IVD is specialized connective tissue designed to 

provide strength, mobility, and resistance to strain. All 

three parts of the IVO listed previously (Figs. 1 3-9, fl, and 

1 3- 1 0) . consist of water, cells, proteoglycans (PGs), and 

collagen . These components are found in variee! con

centrations in the different regions of the disc. In fact,  

the varied concentrations of these basic components 

within the NO make it a specialized type of connective 

tissue. 

Collagen fibers within the IVO become ta ut during 

movements of the spine and tend to restrain the PGs 

The PGs, in turn , aJlow the IVO to deform. Because of its 

ability to absorb fluid (swell) and then to maintain its hy

dration, the PG gel of the nucleus pulposus is able to re

sist compression under large external loads (Weiss, 

1 988). Therefore the NO is able to act as a lublicating 

cushion that prevents adjacent vertebrae from being 

eroded by abrasive forces during movement of the spinal 

column. The hydrated gelatinous nucleus pulposus 

serves as a shock absorber to reduce the impact be

tween adjoining vertebrae (Junquera et aI. , 1 992). 

The histologic changes that take place in the IVO with 

advanCing age have been described in postmortem stud

ies by several investigators (Brown, 1 97 1 ;  Pritzker, 1 977; 

Roberts et  a! . ,  1 989) . These changes include loss of dis

tinction between the nucleus pulposus and the anulus fi

brosus, d esiccation and fibrosis of the nucleus pulposus 

with fibrillation of the matrix, brown d iscoloration of 

the nucleus, fissuring of the nucleus and anulus fibrosus, 

fractures of the vertebral end plate, and osteophyte for

mation. Fig. 1 3- 1 1 demonstrates a series of events asso-
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Posterior longitud inal l igament 

Anterior longitud ina l 
l igament 

Trabecular bone ---t-i'-fflid!tHT>: 

S u bc h 0 n d ra I bo n e ----Hf-__ :.6'>.-.--'-:<""'-

Nucleus pu lposus--ll�§�����f����;;;;;;� A 

Anulus 
fibrosus 

Cartilag inous 
end plate 

FIG. 1 3-9 A, Sagitta l secrion of two adjacent vertebrae and the intervertebral d isc between 

them. Con tin lied. 

ciated with degeneration of the NO. Base(i on plain 

x-ray films, the fundamental features of disc degenera

tion are reported to be elisc space narrowing and os teo

phytosis. Chapter 7 describes the consequences of these 

changes ami the development of i n ternal d isc d isrup

tion. Chapter 2 describes the gross anatomic features of 

the IVD and the clinical relevance of these features. 

The remainder of this chapter focuses on the typical 

microscopic anatomy and the composition of the anulus 

fibrosus, the nucleus p ulposus, and the cartilaginous ver

tebr;l\ end plate. The chapter concludes with sections 

covering PGs and fibrocartilage. These last two sections 

have been included for readers i nterested in acquiring a 

deeper understanding of the b iology of the ND. 

Anulus Fibrosus 

The anuills fibrosus CAP) is the rigid, outer series of rings 

(JameJlae) that forms the petipheral portion of the ND 

(Figs. 1 5- 1 2  and 1 3- 1 3) .  I t  functions to absorb pressure 

from the central jellylike shock absorber, the nucleus 

pulposus. The tightly packed collagen fibers of the AF 

normally do not allow the large PG m olecules of the nu

cleus pulposus to pass between them, even when the 

IVD is subjected to large compressive forces. The adult 

AF is not d istinctly separated from the nucleus pui poslis 

or from the cartilage of the vertebral end plates Onerot 

& Axeisson, 1 991) .  

The histologic features of t h e  AF do n o t  change much 

from chi ldhood to maturity. The ou ter ring of the AF 

consists of an external tough layer of dense collagenolls 

connective tissue,  while the remainder of the AF is pri

marily composed of overlapping concentric layers of fi

brocartilage. The outer part of the AF a ttaches to the 

margins of adjacent cartilage end plates in infancy and 

child hood and to the outer ri ms of adjacent vertebral 

bodies in adolescence. 

Light and electron microscopy indicate that the AF 

is composed of fibrocartilage and has a lamellar struc

ture .  Anteriorly, the AF consists of more than 20 moder

ately thick lamellae. The oLiter lamellae are entirely fi

brous and contain thick, tightly packed bundles of type 
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B 

c 

Nucleus 
pu lposus 

Subchondral bone A Anulus 
fibrosis 

Posterior 
L-!..;......�-- Iongitud inal 

l igament 

=-.,;,t--,i--:-,:-:-;..;,-----;.-=+--7-,---- S h arpey' s 
fibers 

FIG. 1 3·9, cont'd. 8, Shows the boxed region in A at higher magnification (approximately 

I S  X ). In addition to showing the anulus fibrosus, nucleus plllpoSllS, and cartilaginous end 

ptate, the vertebral body ,lJld posterior longitlldinal ligament are shown. Notice tbat the outer 

fibers of the anulus fibrosus attach to the cortical and subchondral bone of rhe vertebral body. 

These attachment sites are known ,IS Sharpey's fibers. The coUagen fibers of rhe inner layers 

of the anulus iibrosus enter the end plate and curve to nlJl paraliel to the d isca l surface of the 

vertebral body. (The boxes labeled A, E, anel C refer to the regions shown in fig. J 3-1  0.) 

I col lagen fibers (Ghosh, 1 990). Although the outer AF is 

composed of type I collagen (Table 1 3-3) , the fibers of 

the inner AF are composed of type II  collagen (Bishop, 

1 992). The lamellae of the inner part of the AF also have 

a richer PG ground substance associated with them, 

which increases the capacity to resist compression 

(McDevitt, 1 988). The collagen fibers in each lamella are 

orientated parallel to one another and form an angle of 

inclination (of approximately 2 5 °  to 30°) with the hori

zontal axis of the bony vertebral rims. The fibers of each 

consecutive layer form approximately a 1 20° to 1 300 

angle with the fibers of adjacent lamellae. The lamellar 

structure and the angle of inclination of the collagen 

fibers enable the AF to sustain the normal forces of 

compression, torsion , ancl flexion that occur during 

movements of the ND (Chai Ben-Fu & Tang Xue-Ming, 

1 987) . 

As mentioned previously, the anterior and lateral parts 

of the AF are composed of more than 20 moderately 

thick lamellae. The outer lamellae are loosely attached to 

the strong anterior longitudinal ligamenr (Gbosh, 1 990). 
The posterior and posterolateral parts of the AF are 

much thinner. They consist of 12 to 1 5  more closely 

arranged, thinner lamellae that follow the contour of the 
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A B 

FIG. 1 3-1 0 A, Regions of tile i ntervertebral disc. A, B, and C correspond to lettered boxes 

of Fig. 1 3-9, B. A. Cartilaginous end plate. B, Nucleus pulposus. C, Anulus fibroslIs. A. B. and 

C represent a magnification of approximately 1 00 times acmal size. 

Vertebral end plate degeneration 
I 

Cell death 
Fibrillation 
Fissuring 

Calcification of vertebral su rface of cartilaginous end plate 
Decreased nutrition to discal surface of end plate 

Thinning of end plate 

End plate destruction 

1 1 1 
Decreased nutrition Degeneration of Schmorl ' s  node 
to anulus fibrosus nucleus pulposus formation 

t 
Facet arth rosis 

H 
Internal disc 

·1 
Herni 

possibly leading to disruption nucleus 
spinal canal stenosis 

FIG. 13-1 1  Flowchart demonstrating a series of events lead· 

ing to degeneration of the in tervertebral disc. 

ation of 
pulposus 

c 
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A B 

FIG. I j- l l  A, Midsagittal magnetic resona nce imaging scan of the lumbar region showing 

th intervertebral disc w i th adjacent vertebral botlies. B, Similar view with the parts of the i l l 
rervertt'bral  disc labeled . (Photograph courtesy Ron Mensching ami i l lustration COll!tesy Dino 

J u arez. The National College of Chiropractic .)  

posterior parts of the adjacent ve11ebral bod;'.'s. The 

outer col lagen fibers of the AF are fused with the th in 

posterior longitudinal l igament (Ghosh, 1 990) and also 

attach to the posterior vertebral rims. The inner fibers of 

tile AF are cont in uous with the cartilaginous end plates 

(sec fol!O\ving discussion) (Fig . 1 3-9, 8) . 

PG extraction frolll ground human lumbar AFs sug

gests that th . PGs contain t hree regions: a c hondroitin 

s u lfate - rich region, a keratan sulfa te-rich region, and a 

region that binds to hyaluronic acid (Tahle 1: 3-4 and Fig. 

1:)-6). By binding to hyaluronic aCid, the PGs are permit

ted to aggregate into PG macromolecules. Because of th e 

im mense clinical importance of PGs as they relate to the 

[VDs, a section devoted to this topic is found later in this 

chapter. Howevt:r, characteristics of PG content specific 

to the AF are covered here . 

Previous investigations of glycosami.noglycans and 

PGs of the IVDs have found that the PG subunits 

from the AF contain approximate ly 7 5% chondro itin 

sulfate and 25% keratan sulfate and hyaluronic acid 

(Antonopoulos et aI., 1 974; Stevens , Dondi, & Muir, 

1 979). These percentages are determi ned by ana lyz

i ng the glucosam ine/galactosamine ra tios (Table 1 3-4) 

(/nerot & Axdsson, 1 99 1 ) .  Both the hyaluroniC acid and 

the keratan sulfa te concentrations a re h igher in the AJ' 

than in hya li ne cartilage (Antonopoulos, Gardell, 8.: 

SZirmai, 1964; l Iard ingham & Adams, 1 976). Also, the 

keratan su lfate region appears to be larger in AF PGs 

than in hyaline cart ilage PGs. Fibrocarti lage of human 

knee jo int menisci has been shown to a lso contain  der

matan suLfate. This molecule has llo t  been detected i n  

t h e  h u man AF.  Bioc hem ically , the absence of dermatan 

su lfate and the presence of type 1 and type II collagen 

fibers suggest that the AF may be classified as an inter

mediate bet\-veen hyaline cartilage and fib rocart i lage 

(Inerat & A.xeisson , 1 99 \ ).  

A study of the aging of TV D PG compositi on of canines 

and h u mans has shown that the knat:lI1 sul fate-rich re

gion of the PG core protein is more resistant to proteol

ysis than the chondroitin sulfate-rich regio n .  Tn addition, 

the n umber of keratan sulfate - rich fragm ents in human 

disc tissue increases with aging (Co le , Ghosh, & Taylor, 

1 986). 

CLINICAL CONSIDERATIONS 

During the day, tluid moves in and out of the nucleus 

p ulposus, providing nutrients to the d isc. Duri ng sleep-
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Table 1 3-4 Glycosaminoglycans· 

Molecular weight Protein Disaccharide 

Name (daltons) Snlfation linked composition Distribution 

Hyaluronic 

acid 

1 0" No No ll-Glucuronic acid + Imervertebral disc, cartilage (including Z joint 

articular cartilage), synovial fluid , skin, vit

reous body of eye, loose connective tissue, 

umbilical cord support fluid (Wharton 's 

jelly) 

N-acetylgilicosamine 

Chond roitin 20,000 Yes Yes D-Glucuronic acid + Intervertebral disc, cartilage (including Z joint 

articular cartilage), bone, skin, cornea, 

aorta, notochord 
sulfate N-acetylgalactosamine 

Dermatan 5 5 ,000 Yes Yes L-Iduronic acid or Skin, tendons, ligaments, fibrocartilage, blood 

vessels, heart sulfate D-glucouronic acid + 
D-galactosamine 

Heparan 1 5 ,000 Yes Yes i)-Glucuronic acid or Basement membranes, lung, liver, aorta 

sulfate L-iduronic acid + 
D-galactosamine 

Keratan 7000 Yes Yes D-Galactose + Cornea 

sulfate (I) D-galactosamine 

Keratan 7000 Yes Yes [)-Galactose + I mervertebral disc (nucleus pulposus and anu

Ius fibroSlIS), cartilage (including Z joint ar
ticular cartilage) 

sulfate 0 I) D-galactosamine 

'Fivt: main groups of glycosami noglycans with different tissue distributions exisr. Chondroitin sulfate exists as chondroitin su lfate-4 and chondroitin 
sulfatl'-6; both possess high levels of interaction with colJagen type II. Dermatan sulfate demonstrates low levels of lIlterac tio n ,  mainly with collagen 
type I .  Heparan sulfate demonstrates intermediate levels of interaction with col lagen types II! and IV. Sulfation causes the molecules to be highly 

(-) charged and contributes to their ability to attract and bind Na+ and water. 

ing hours, the nucleus pu lposus fills with fluid and 

presses against the AF. Therefore, when an individual 

arises in the morning, the AF is tense and less flexi ble. 

This increase in AF tension after approximately 5 hours 

of rest may render it  more vulnerable to injury after a pe

riod of rest. 

Sudden movements of the lumbar spine, especially 

torsion coupled with flexion, can produce small tears. 

'01ese tears usually occur in the posterior part of the AF, 

where the distribution of COl lagen fibers is less concen

trated. Sometimes, tears in the AF may allow some of the 

soft jeUyl ike nucleus pulposus to squeeze out into the 

vertebral canal . This latter condition is known as a pro

lapsed or herniated in tervertebral disc. IVD herniation is 

not as common a cause of back pain as once thought 

(see Chapter 7) . However, the discs can be a source of 

pain without rupture or herniation (Bogduk, 1 990) . 
Contrary to previous repolts (Malinsky, 1 959;  Wyke, 

1 987) that the NO could not produce pain because i t  

lacks nerve supply, several investigators (Bogduk e t  aI . , 

1 98 1 ;  Yoshzawa, O'Brien, & Thomas-Smith, 1 980) have 

confirmed that the lumbar discs do have a nerve supply 

and that nerve fibers and nerve endings have been 

demonstrated to exist in at least the outer third and pos

sibly as far as the outer half of the AF. Most of these au

thors conclude that the lumbar disc is supplied with the 

necessalY apparatlls for the transmiSSion of nociception 

and subsequent perception of pain. Chapters 2 and 7 dis

CL1SS the gross anatomy, including the innervation, of the 

IVD in fllfther detail. 

Nucleus Pulposus 

Both fetal and infant discs have large notochordal nuclei 

pulposi with abundant fluid mucoid matrices. The nu

cleus of a young disc is encapsulated along the perip hery 

by the AF and on the superior and inferior surfaces by 

the cartilaginous end plates (see following discussion). 

Perinatally, the AF and the cartilaginous end plates are 

vascular, but their blood supply declines dramatically 

with child hood growth (Taylor, 1 990); by 4 years of age, 

none of the blood vessels that earlier supplied the rvo 

can be found. In fact, the adult nucleus pu lposus (NP) is 

the largest avascular structure of the body. It receives nu

trition primarily by means of diffusion from blood ves

sels within the subchondral bone of the adjacent verte

bral bodies. This diffusion process by which the IVD re

ceives its nu trients is known as imbibition. 

The human NP is a h ighly hydrated tissue at birth, 

with a water content of 88% of its dry weight. This falls 

to 69% at 77 years of age . By comparison, the water 

content of the AF declines from 78% at birth to ap

proximately 70% at 30 years, and thereafter it stays rela

tively constant (Gower & Pedrini, 1 969) . In adults, as the 
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hydration declines with age, the tissues become firmer 
and lose their wll1slucency, and the boundaries between 

the NP and the AF become less d istinguishable.  Table 2-
2 shows the relative concentrations of water, collagen, 
and PG (nonaggregated/aggregated ratio) of the NP 
and AF. 

The higher water content of the NP, compared with 
th�lt of the AF, is accompanied by a lower concentration 
of col lagen i n  the NP. In addition, the col lagen found in 
the NP is type II  rather than type I, which is found in the 
AF. The individual fibrils of type II collagen are much 

smaller than those of type I (see Table 1 3-3) . The fibers 
are also loosely arranged and are surrounded by a more 
ab undant ground substance . In the NP, this ground sub
stance contains a high percentage (65%) of very hy
drophil ic,  nonaggregated PGs. 

Therefore the NP is a thick, je llylike region with a high 
concentration of fluid.  It draws this fluid from the sur
round ing vertebral bodies. The fluid, a disti l late of 

plasma, passes through the carti laginous end plates on 
its way to the NP. The N P  also has relatively few cells. 
The cells are primarily notochordal cells (in the young; 
see fol lowing discussion), fibroblasts, and chondrocytes. 

The adult NP makes up 35% to 50% of the IVO (Bishop, 
1 992).  It normally lies slightly posterior to the IVO's cen
ter. Normal nuclear material moves backward and for

ward with flexion and extension movements of the 
spine, respectively. 

The region of the adult NP that is adjacent to the ver

tebral end plates contains a relative abundance of chon
clrocytes. The matrix s urrounding the chond rocytes 
stain deeply with safranin and a lcian blue because of the 

presence of abundant PG macromo lecules. Also in this 
region, vertically oriented collagen fibers extend from 
the end plate to the N P  (Oda , Tamaka, & Tsukuki, 1 988). 
These collagen l1bers seem to be independent of the an
choring fibers of the AF. The attachment of these fibers 
to the end plate and the NP of the IVO may give stability 
1:0 the IVO a t  times when the cartilaginous end p late is 

calcil1ed or replaced by bone. 

Controversial Role of the Notochord in the 

Formation of the Nucleus Pulposus. As previously 

mentioned, the NP is located in the center of the AF and 
occupies 3 5% to 50% of the IVD volume. In children the 
NP is large and is derived from the notochord (see Fig. 
1 2- 1 2). Gradual ly, the transparent embryonic notochord
al cells are replaced by a sparse population of chondro
cytes and fibroblasts. I n  time these cells are partially re
placed by fibrocartilage, which makes the NP more 

opaque and no longer transparent Ounqueira et a I . ,  
1 992) .  

Several investigators have p roposed that embryoniC 
notochordal cells undergo degeneration and d isappear 

soon after birth and that these cells have no further par

ticipation in the formation of t he NP. Virchow ( 1 8S7) 
wrote that the N P  was formed from connective tissue. 
Luschka (1 856, 1 857) maintained that both the noto
chordal cells and the l iquefaction of the inner layers of 
the surrounding connective tissue contributed to the for

mation of the NP.  Peacock ( 1 9 5 1 )  concluded that the NP 
was produced by mucoid degeneration of notochordal 
cells, which caused the disappearance of these cells and 
increased the mucoid matrix . However, Wodf and col
leagues ( 1 975) studied enzymes present in the NP and 

described the presence of enzymes that were associated 
with PG synthesis and oxidative activity. This indication 
of PG synthesis led them to conclude that human noto
chordal cells do contribute to the matrix of the NP in fe
tal and postnatal life. Recent investigators have demon
strated that some notochordal cells persist up to the 
third decade of life and that t hey play a significant role in 
producing and maintaining the NP. Trout and colleagues 
(1 982) were successful in identifying notochorda l  cells 
in the NPs of individ uals from 8 weeks of fetal life to 32 
years of age. However, they could not definitely identify 
notochordal ceUs i n  the specimens from individuals 

older than 32 years. 
The notochordal cells found by Trout  and colleagues 

(1 982) in individuals up to 32 years of age were large, 
with a single, generally rollnd to oval nucleus. The Golgi 
complex was sma l l ,  two to four cisternae per stack, with 

many vesicles near the mature face. Centrioles were 
found near the nuclells in some cells, and autophagiC 

vacuoles and lysosomes were also present. One unusual 
feature of these cells was the consistent presence of rER. 
The rER surrounded poorly developed mitochondria 
that contained tubular cisternae. 

Oda and colleagues (1 988) found that the NP was 
composed of tissue derived from the notoc hord in spec
imens collected from individuals ranging in age from I 
month to mid teens. They a lso fo und a fine fibrous tissue 
d.erived fro m  the AF. No notochordal cells were demon
strated in the NP in the spec imens that came from indi

viduals 16 to 1 9  years of age. However, in specimens 
from individuals older than 20 years, notochordal origi

nating cells were found . Also, the NP of the specimens 
had been replaced by fibrocartilage and dense collage
nous fibrous tissue. Pritzker (1 977) and Hishop (1 992) 
suggested that the cells of the vertebral cartilaginous end 
plates may be responsible for synthesizing the gelatinous 
ma trix of the NP in mature IVOs. Therefore, notochordal 
cells probably contribute to the formation, develop

ment, and maintenance of the NP. However, this role de
clines as i nd ividuals reach age 30. After age 30, the ver

tebral end p late may continue to help tbe few cells left 
within the NP maintain the PG and collagen makeu p of 
the NP.  
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Cartilaginous End Plate 

As mentioned previously, the TVD is composed of a 

tougher, peripheral fibrocartilaginous AF and a central 

gelatinous NP, both of which are located between the 

superjacent and subjacent cartilaginous end plates (EPs) 

(Chai Ben-Fu & Tang Xue-Ming, 1 987) (Figs. 1 3- 1 2  and 

1 3- 1 3) .  The adult cartilaginous EP is a thin strip (about 3 

mm thick) of hyaline-like cartilage that contains many 
fine collagenous fibrils (si m i lar to fibrocartilage) (Bishop, 

1 992). The EPs separate the NP and medial aspect of the 

AF from the subchondral bone of the adjacent vertebral 

bodies (Figs. 1 3-9, 1 3- 1 2 ,  and 1 3- 1 3) .  

The subchondral bone o f  t h e  vertebral bodies consist 

of a thin peripheral ring of compact bone that surrounds 

the EP and a large central region that is cribriform in ap

pearance, containing many small holes that pass to the 

cancellous bone of the vertebral body. 

Developmental ly, each EP is a part of the cartilage 

mouel of the vertebral body. However, the EP does not 

have a firm attachment to the vertebral body. In fact,  no 

fi brillar connections have been found between the EP 

and the adjacent vertebral body (Bishop, 1 992), but the 

co.llagen fibers of the AF and NP enter the EP and be

come enclosed in the EP's ground substance (Fig. 1 3-9, 

B). [n addition, the EP plays a vital role in the nutritional 

support of the IVO anu may be the source of PG synthe

sis for the NP and A F  (Bishop, 1 992). Because the EP is 

more closely related to the AF and NP than to the sub

chondral bone of the adjacent vertebral body, it is usu

ally considered to be an i ntegral part of the IVD. 

Each cartilaginous EP is composed of parallel lamellae 

of cells (primarily chondrocytes) and collagen fibers, 

arranged horizontally (Ghosh, 1 990) . As mentioned pre

Viously, the collagen fibers from the AF appear to con

tinue into the EP at the IVD-EP ju nction (Roberts et a I . ,  

1 989). The EP's ground substance consists of water 

within an amorphous matrix of PGs .  

The EPs have important mechanical functions. They 

contribute to the resilience of the motion segment.  In 

addition, the EPs participate i n  the hyurostatic d istribu

tion of the pressure absorbed by IVDs during loading 

(Broberg, 1 983), 

The cartilaginous EPs are a lso thought to play a n  im

portant role i n  the IVO's nutrition. Nutrients must dif

fuse from the blood vessels within the vertebral bodies, 

which contact the periphery of each EP, through the car

ti lage matrix, eventually to reach the cells ueep within 

the cartilaginous EP. Only l O'li) of the bony EP of the ver

tebral body is perforated by small vascular buds that 

make contact with the cartilaginous end plate 

(Maroudas, 1 975). The vascular contacts are more plen

tiful i n  the central part of the EP than in the peripheral 

regions (Roberts et aI . ,  1 989) . The cartilaginous EP anu 

the NP have both a close anatomic and a close physio

logic relationship with each other. The latter relation

ship is demonstrated by the fact that degeneration of a 

cartilaginOUS EP may initiate the "degeneration " of the 

NP (see Chapter 7). 
The ability to transport nutrients through cartilagi

nous tissues is known to depend on the makeup of the 

cartilage matrix, particularly the PG content of the ma

trix (Nachemson et a L ,  1 970). The PG content (i . e . ,  

types o f  PGs present) a n d  P G  concentration control the 

diffusion and distribution of charged solutes and macro

molecules within the cartilage matrix. The EP near the 

NP has a higher PG and water concentration than uoes 

the EP adjacent to the AF. The EP close to the AF also has 

a higher concentration of PGs, as well as a lower con

centration of collagen , t ha n  the neighboring AF (Roberts 

et a L ,  1 989). Therefore , permeability is enhanced close 

to the NP and probably tapers off near the periphery of 

the EP.  

The permeabil ity of the EP ueclines with age.  If this 

permeability decreases to the point that the path for nu

trients to the IVO and waste products from the IVD is 

blocked , metabolic waste products increase within the 

IVO. This may initiate the processes of internal disc dis

ruption and " disc degeneration" (Chai Ben-Fu & Tang 

Xue-Ming, 1 987; Crock, 1 986). 

Formation of bone inside the cartilaginous EP, which 

occurs in some EPs of certain individuals, initiates a re

duction of the nutritional route to the IVD as a whole. 

Bone formation may first cause the destruction of the 

discal surface of the EP, which eventually contributes to 

the degeneration of the NP. Oda and col leagues (J 988) 

found that when bone formation remaineu outside the 

cartilaginous EP, no adverse degenerative changes were 

observed in the NP.  This important finuing might indi

cate the particular Significance of the EP in the mainte

nance of the NP. 

Detailed histologic changes of the h u man cervical IVD 
from the neonate to the n inth decade, with special em

phasis on the age changes of the NP and the cartilagi

nous EP, were investigated by Oua anu colleagues 

( 1 988). They found that the cartilaginous EP can be d i

vided into two regions: the growth cartilage layer, which 

corresponds to the growth plate of a growing long bone, 

and the articular cartilage layer, which faces the NP (Fig. 

1 3- 1 4) .  They also noted a fine fibrous tissue between the 

material derived from the notochorual cells in the NP 

and the articular cartilage layer of the EP of the cervical 

d iscs of I-month-old infants. The cartilaginous EP of 

specimens col lected from inuividuals 1 year old to 

the teenage years also contained the same two layers. 

The cartilaginous EP of specimens from individuals over 

20 years of age had lost the growth layer and were 
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FIG. 13- 13 M idsagittal section through a cadaveric lumbar spine. Notice that the cartilagi

nous end plates, the anuli fibrosi , and nuclei pulposi can be seen at  several levels. Also notice 

the Schmorl 's  node, which has been labeled (compare with Figs. 1 3- 1 5  and 1 3- 1 6) .  

composed only of the articular layer. In the age group 

from 20 to 30 years, the cartilaginous EP began to cal

cify, and the calcified areas were invaded by blood 

vessels from the adjacent vertebral bodies. Calcification 

of the vertebral EP has been related to degenerative 

change within the NO as a whole (Bishop, 1 992) (see 

Fig. 1 3- 1 1) .  

E n d  P l  . .llC Fracture ("tchmor! ... ode ... ) .  Hydrostatic 

loading of the NP of the fVO causes bu lges of the nu-

cleLls into the EP. If  the compressive force is great 

enough, fracture of the EP can occur. EP fractures, also 

known as traumatic Schmorl 's  nodes, have at times been 

noted in postmortem studies as features of disc degener

ation (Sachs et a! . ,  1 987; Vernon-Roberts & Pirie, 1 977) 

(Fig. 1 3-1 3) .  

Schmorl 's  nodes are defined as herniations o f  the fVD 

through the EP (Figs. 1 3- 1 3 ,  1 3- 1 5 ,  and 1 3- 1 6) .  They 

were first described in 1 927 by a German pathologist, 

Christian G. Schmorl. These lesions are believed to be as 
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FIG. 1 3· 14 Cartilaginous enli plate of a newborn. Notice 

tllat it can be d ivided into two regions: the growth cart i lage 

layer, which corresponds to the growth plate of a growing 

long bone, anli tile a rticular cartilage layer, which faces the nu

cleus pu lposus. (Prom Olia, .J . ,  et al. SjJine, 1 988, 13, 1 205-
1 2 1  I) 

socia ted with trauma and occur most frequently i n  the 

lumbar and thoracic regions. Even though trauma is the 

most l ikely cause of Schmorl ' s  node formation, a possi

ble congenita l  origin of EP d efects has also been sug

gested (Pa te, 1 99 1 ) .  Such congenital defects coul d  pre

dispose one to a la ter EP fracture. 

Schll1orl 's  nodes probably predispose the IVD to early 

degenerative change, especial ly when observed in 

younger age groups. These nodes are as common in ado

lescents as in adults .  Tbey are found most frequently in 

tbe lower tboracic or upper lumbar vertebrae. 

A dorsolumbar kyphosis, seen in adolescents, may be 

associated with Schmorl 's nodes. Therefore ,  EP fractures 

should be considered a possible etio l ogic ca lise of back 

pain when an active adolescent patient has back pain of 

the thoracol um bar region .  

Compression inj ury frequently results in a n  E P  frac

tur e .  This may completely resolve in some patients, or i n  

others ,  inflammatory repair processes may extend i nto 

the NP amI result  in disc degradation (see Chapter 7) . 

Such intla l1Jmatory d isc degradation in i tiates internal 

disc d isruption, which may become symptomatic.  If the 

AF remains i ntact ,  isolated IVD resorption may fol low, 

but if fissures and tears develop in the AF, the degraded 

nuclear material  may herniate (Bogd u k ,  1 990) . 

Glycosaminoglycans and Proteoglycans 

The topiC of glycosaminoglycans (GAGs) a n d  proteogly

cans (PGs) was i ntroduced with connective t issue earlier 

in this chapter. GAGs and PGs are covered i n  further c 1e

tail here because of their extreme i mportance in t he 

IVD' s  proper hll1ctioning. Much of the rel evant current 

research rela ted to the IVD i nvolves GAGs and PGs. In 

fact ,  "pro teoglycans are n ow thought to be t he chief cel

lular ind icators of d isc hlll ctional capaCity and appear to 

be the key to understanding the pa thogenesis of d isc de

generation" (Bishop,  1 992) .  

The main function of GAGs and therefore PGs is struc

tura l ;  they interact with collagen fibers to provide sup

port. I n  add ition to provid ing support, GAGs, because of 

their ionic c harge, are able to form electrostatic interac

tions with cationic molecul es .  This serves to transport 

electrolytes, water, and metabolites.  The gel-like or vis

cous nature of the GAGs a l lows them to have a lubricat

i ng function i n  connective tissue and joi nts amI also a l

lows them to act  as shock a bsorbers in the IVD.  

Protcoglycan Monomers and I>rotcoglycan Ag

gregates. PG monomers are complex macromolecules 

composed of many GAGs cova lently bonded to a core 

p rotein of varying length .  Three dimensio na l ly ,  the side 

chains attached to the core protein form the shape of a 

' ;bottle bmsh" (see Fig. 1 3-6) . The short branches of the 

bottle bmsh represent keratan sulfate, and the long ones 

represent chondroitin sulfate. PG monomers group to

gether to form PG aggregates. The backbone of a PG 

aggregate is hyaluronic acid .  Hya l uron ic acid is a long 

coil-like chain composed of alternating molecules of glu

curonic acid and glucosamine.  The PG monomers are at

tached to hyaluronic acid by a link protei n .  

Glycosafllinoglycans. GAGs refer to l ong-chain,  un

branched carbohydrate polymers composed of repeat

i ng disaccharide u nits of glucosa mine (or galactosami ne) 

and glucuronic acid attached to a p rotein core. The hex

osamine (gl ucosamine and galactosami ne) is usu a l ly sul

fated (see Table 1 3-4) . However, an exception among 

the GAGs to this general pattern is hyaluronic acid,  

which is the longest GAG a nd has no su lfated hex

osamines. M ost of the sugar molecu les of GAG chains are 

negatively c harged and repel each other. Tbis negative 

charge attra cts n u merous Na + ions, which are osmoti

cal ly active . Th is causes a large amount of water to rush 

into the matrix and creates a swe l l ing hydrostatic pres

sure . This hyd rostatic pressure enables the matrix of car

t i lage amI th e IVD to withstand compressive forces. 
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End plate depression 
(Schmorl ' s  node) 

FIC,. 1 3· 1 5  X-ray film demonstrating a Scbmorl's node (com-

pare with Figs, 1 )- 1 )  ant.! 1 3- 1 6) .  

GAGs are synthesized within t h e  cells o f  t h e  connec

tive tissue i n  which they a re found,  For inst:lI1ce, the fi

broblast is the pri mary cell type of connective tissLle 

p roper, and it  prod uces and maintains the ground sub

stance (which consists of GAGs) of this tissue. Chon

d ro blasts are cells that produce the ground substance of 

cartilage , and osteoblasts p roduce the ground subSla nce 

of bone. The GAGs for the entire IVD are probably pri

marily produced by the cells within the cartilaginous EP, 

The t ime it takes to rep lace the PGs in the human IVD is 

considerable (app roximately 3 years) and is longer t llan 

the rep lacement t ime of other species (Table 1 3-5) ,  

Therefore, much time is  needed before complete repair 

of pathologic cond itions or da mage to the IVD can take 

place, and in some cases (especially if the EP is damaged) 

repair may not be pOSSible . 

The principal GAGs of the extracellu lar  m a trix include 

the fol lowing: 

• Hyaluronic acid 
• Chondroitin sulfate 

• Dermatal1 sulfate 

• H eparan sulfate 

• Keratan sulfate 

Table 1 3-5 Comparison of Turnover Time (Days) 

for Proteoglycan Mole 'ules from 

V:UiOllS Regions of the l lllcrvertebrni 

Discs of Dogs, Pigs, and I l umans 

Oog Pig HunUln· 

(3 years C5 years ( 30 years 
Ilegion of disc of age) of age) of age) 

Nucleus pu lposus 7')0 90() U')O 
Outer anulus (anteri or) :'> 'i0 ')00 900 

Inner anulus (anterior) 4 20 7()() I O'iO 

Outer anulus (po�teri()r) 'i L O 6:'>0 990 

Inner anulus (poslerior) 6.'>0 HOO 1 1 70 

" NOlc t ilat tor a 50-)'car-old human, il la"o more than -' ye< l ['" It)  re
place prolcoglycan lTIoiecuit:s. 

These five types of GAGs di ller in the fol lowing im por

tant ways: molecular weight ,  length of the chain ,  and 

type of uisaccharide u nits, Table 1 �-4 summarizes the 

major characteristics of the princ ipal GAGs, GAGs tend 

to exist in varioLls configurations, which results in a va

riety of electrostatic charges among GA( ;s and a llows 

them to participate in various degrees of intnactions 
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End plate 
depression 
(Schmorl's 

node) 

FIG. 13- 1 6  iVlidsagittal magnetic resonance imaging scan 

demonstrating a Schmorl 's node (compare with Figs. 1 3- 1 3  ancl 

!:i-I ')) 

with adjoining chains. Th.is valiety of configurations and 

interactions of GAGs contributes to the formation of ad
d itional physical a nd chem ical characteristics of the ex
tra cellular matrix. 

Hyaluroni c  acid is by fa r the largest GAG, consisting of 
;10 estimated 2500 disacc baride units. I ts molecular 

weight is approxima tely 1 0(' daltons. Hyaluronic acid is 
the major GAG of synovia l fluid and many other tissues 

(SCI.: Table 1 3-4). I t  is parti<ll ly responsible for swel ling 
with in the extracellu lar matrix and also for a ttracting 

cells to the site of an injury. PG monomers also bind to 

hyaluronic acid to form PG aggregates. 
Chondroitin 4-sulfate and chondroitin 6-sulfate consist 

of gl ucuronic acid and N-acetylgalactosami ne. These 
two GAGs are s im il ar in strllcture and fu nction (Table 
1 .')-4). Chondroitin 4-sulfate is the most abundant GAG 
found in the body and is present in i m mature cartilage. 

Chondroitin 6-sulfate is d istributed in matme cart i lage 
and other tissues. 

Dermatan sulfate is  the major GAG of skin,  from 
which it derives its name. I t  is a lso distributed in ten
dons, ligaments, fibrocartilage, and other tissues. 
However, i t  is not found in the IVD or Z joints. Dermatan 

suLfate has a h igh affinity to associate c losety with col la
gen type I fibers (see Tables I :)-3 and U- 'i) 

Keratan sulfa te is the shortest of the GAGs (see Ta ble 
1 3-4) .  It is  found in skeletal tissue, as well as the cornea 

(type I). Along with hyaluronic acid a nd chondroitin sul
fate, karatan sulfate is  a main contributor of cartilage 
PGs. It is also found in abu ndance in the NP of the IVI).  

Heparan sulfate is  associated with collagul type III  

reticular fibers, which are found in large amounts in 
basal laminae. Heparan sulfate is  also distrihuted i n  the 

lungs, l iver, and aorta. However, i t  is not found to any 

great extent in the Z joints or  IVDs. 

Fibrocartilage 

Because the AF and NP of the IVDs are considered to be 

specia lized fibrocartilage, a brief discussion of the gen
eral characteristics of this type of cartilage is included 
here. 

Light m icroscopy revea ls that fibrocartilage appears 

similar to dense connective tissue a nd hyaline cartilage 
(Fig. 1 3- 1 7). I ts matriJ( contains obvious thi ck bund l es of 
type I collagen fibers (Table 1 3-3). The collagen bund les 
are d istributed in parall e l  bea ms among rows of chon
d rocytes. The chondrocytes are smaller than t!Jose of 
hya l ine or elastic cartilage and are easi ly disti nguished 
from the fibroblasts, also present in fibrocartilage, be

cause chondrocytes l ie within round or oval lacun;te.  

Because of the presence of the collagen fibers and a 

lesser amount of GAGs, the matrix of fibrocartilage stains 
more eosinophil ic than hyaline or elastic cartilage. Also , 
fibrocartilage, un.li ke hya l ine and elastic carti lage, is not 

enveloped by a perichondriu m . Fibrocartilage is distrib
uted in the IVD (see the previous d iscussion) a nd artinl
lar cartilages. It is also t()Und in the pubiC sy mphysis, lig
amentum teres femoriS capitis, glenoid ligament,  and the 
interarticular cartilages of some join ts .  
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FIG. 1 3· 17 Light micrographs demonstrati ng the fibrocart i laginous makeup and dist in

guishing feat ures of the three component parts of the intervertebral d isc. This speci men is 

from a mammalian fetus. A, Carti laginolls end plate ( l OOX) .  B, Developing nucleus pulposus 

( [ (lO X ) . Notice the haphazard arrangement of the cells and fihrous elements in this region. 

C, Portion of the ,mu lus tihrosus. 
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i\ 

Abdominal aorta, I:,f, 1.'>-14, 21R, 21<)t' 

and lumhar spine, 21H. 219f 

Abdominal muscl.es, thoracic att;lcho,.:llt of, 161 t 

Abdominal reflt:x, .�42 

Alxluminal vt:ins, and lumbar spine, 218-219 

Ah<iominis muscle, transvnse, 96f, 98, 105t 

A-beta afferent tibers, 2')2, 252t, 200, 20:\t, 290 

Acct:ssol)' nervc (eN XI), 12, 12f, 7:\, lOll, J49[ 

in anreriur nt:ck. 146, 149 

AccessolY processes, lumhar, 181 

Acc<::ssory sacroiliac ligaments, 229, 2,7f 

Acerylclloline, .�44, :\46f 

inhihiLOrs of, .�45-.�40 

Achundroplasia, 179 

Acquired immunodeficiency .>),odlUme (AIDS), 299-:\00 

Adductor muscles, innervation of, 21 H, 254 

A-delta afferenr lihers, 2')2, 2')21. 260, 2(,.�t, 264, 269, 290, :\:\5, 3(,1 

A(lie's pupil, :\.�3 

Adipoc)'les, :'98t. 402 

Adrenal mt:dulla, :'>:'>1 
furmation of. ;\H I 

A(irenergic receprors, ';44 

Af; se� Anulus tlbrOSlis 

Afferent fibers 

A-beta, 252, 2521, 260, 2(,,1, 290 

A-delta, 252, 252t, 2(,0, 2(,:\t, 264. 269, 290 

C, 252, 2521, 2'):', 2(':\t, 264, 290 

la, 252, 2521, 25:\, :LH7. 289 

Ib, 252,2521.253,287,289. 29lf 

II, 252, 252t, 253 

Ill, 252, 2521,25:\, 542 

IV, 252, 252t, 2'):\. �42 

viscer.ll, :\41-:142 

A-gamma (fusimOLOr) efferenr fibers, 252, 252r 

AJanine. 40:\ 

Alar ligam<::nrs, 1:'2, 13:'>f 

AJimenral)' canal, 15 

Alpha adrenergic receptors, :'>4:'> 
Alpha motor nt:urons (skeletomotor effen::nts). 60, (, I, 252, 252[, 

254, 262, 275, 283. 285, 2861'. 289, 290, 290f. 29:'>, 294-295 

lesion assessment, 294 

Amniotic cavity. :'>75-:\78, 576f, :,77f, 378f, �79f. 5H4f 

Am)'otropilic lat.:ral sclerosis. 299 

Analgesia. 56(, 

t indicates table;! indicates fOOlnote; (box) indicates box. 

Angiography, 49 

Anulospiral endings, 287 

Anulus tibrosus, 18, :\2, .�3, :)5f, :\4t 

aging of, 406 

and cartilaginous end plate, 41:'> 

cervical. 135 

<:ollagt:n uf, 408 

functions of, 407 

lalllella� of, 408 

lumbar, 209, 211 

microscopic anatomy of. 406, 407 -409, 4 10. 4 IOf, 4tH 

PG ground substance of, 408, 410, <\ lot 

tears of, :'>4 

Ansa cervicaUs, 146, 147f, 149t. 152f 

Ansa subclavius, �21f 

Anterior external venous plexus, 70f 

Anteriur horn cells (lower motor neurons), 294-295 

Anteriur longirudin;ti ligament 

celvical, 1;;3f, 134 

lumbar, 205 

sacral, 224t 

thuracic, 164, 170f, 17lf, 174f 

Anterior neck 

ITIuscles of, 149t, 149-150, 1501', 150t, 151t 

nerves of. 144,146-149 

vascular stfll<:tures of, 151-15:'>, 152f 

veins of. 15:\ 

vertebral It:vels of structures in, 8-1 (" II f 
viscera of, 153 

Anterior prin13l)' divisions (APDs; ventral rami), 254,�5(" 357f 

of anteliur neck, 146 

of alias, 146 

cervical. lI2, 141f, 143,254 

formation of, 40, 54 

iIUlervating back III uscles, 10 It-I 06t 

lumbar, 195f. 217-218 

L5, 202 

and muscle development, 385 

sacral, 225 

and somatic pain, 356-357 

structures innervated b)" 357 (box) 

thoraCic, 172 

Anterior radicular arteries, 66-68, (,7f, (,8f, 69 

Anterior radicular vein, 70f, 71 

Amerior sacroiliac ligaments, 229, 237f, 243f 

421 
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Anterior spinal artery, 66, 67f, 69 

syndrome, 71 

Anterior superior iliac spine, 1 If 

Anterior tubercles, 120, 12lf, 122,126,127, 128f, 15It 

Anterolateral abdominal muscles, 95, 96f-97f, 98, 105t 

innccvation of, 105t 

Anterolateral system, 265f, 269-275, 27lf, 284t 

Anterolateral vein, 70f, 71 

Anteromedian vein, 70f, 71 

Aorta 

abdominal, 13f, 13-14,218, 219f 

and lumbar spine, 218, 219f 

ascending, 13 

descending, 13, 54f, 173, 174f 

development of, 389 

Aortic arch, 13, 14 

development of, 389 

APDs; see Anterior primary divisions 

AClChnoiditis ossi ficans, cr of, 48 

Arac\lIloid mater, 40, 1 If, 42, 56, 61f, 63f 

development of, 38:'>-:'>85 

Arachnoid trabeculae, G:3f 

Arcuate (arcuale) foramen, J 22 

Areflexia, 294 

Arr;yll-Rohertson pupil, 5:H 

Arm, innervation of. 148 

Arteries 

of anterior neck, J 51, 152f, J 53 

<ievclopmem of back, 387-389 

of sacroiliac region, 2:'> I, 244f 

of sacrum and coccyx, 244-245 

of spinal cord, 40-41, 66-71, 67f, 68f; see also specific arteries 

thoracic r<::gion, 170f, 172 

Artery or Adamkiewicz; see Anterior radicular arteries 

Articular capsules 

innervation of, 399 

Iigamcntum f1avum, 400; see also Ligamenta flava 

lumb'II', 1841', 184-187 

microscopic anatomy of, :)99-400 

of sacroiliac joint, 22R, 2�6f 

Articular cartil:Jg<:: 

aging of, 399 

cartilage matrix, 396-397, 399 

clinical and biochemical concerns, 399 

collagen, 396 

ground substance, :397, 399, 399f 

healing of inJureci, 399 

lumbar, IH4f 

microscopic analysis of, 394-399, 395f-397f, 398t 

sacroiliac, 233-234, 2:�7f 

ArticllI;lr t;ICetS, lumbar, 1791' 

ArticIlbr piUars, ') 

Articular processes 
cervical, 113-116, 114f-JJ5f 

atlas, 122- 12,,), J 2Hf 

axis, 12'), 12Hf 

inferior, 22f-23f, 24 

lumbar, I H 1-J 82, lH4f, 19M, 20Ot, 20 I f 

superior, 22f-25f, 24, 113 

thoracic, 157f, 158-159, 164 

thoracolumbar junction, 164, 165f 

Asc<::nding reticular activating system (ARAS), 271 

and pain perception, 364 

Ascending tracts of white marter, 264-275, 284t 

anterolateral system, 269-275, 284t 

OC-M!. system, 265, 265f, 267f, 2681', 268-269, 284t 

Ascending tracts of white matter-cont'd 

DC-ML system-cont'd 

lesion assessment, 297 

Atlanto-axial articulations, 127, 128f 

innervation of, 141 

motion of, 137, 137t 

Atlant<XIxial ligaments, accessory, 127, 130, 130f 

Atlanto-dental ligament, anterior, 132 

Atlanto-occipital articulations, 127 

innervation of, 142 

motion of, 136t, 136-n7 

Atlamo-occipital membrane 

anterior, 132 

posterior, 129f, 129-130 

Atlas, 114f, 119f, 120-123, 12lf, 128f 

anterior arch of, 120, 122 

lateral masses of, 122-123 

muscle at1achments to, 12'1 

posterior arch of, 55f. 122 

ventral ramus of, 146 

Atropine, 344 

Auricular artery, posttrior, 153 

Auriculotemporal nerve, 323 

Automatic movements, 275 

Automobile accidents, 294 

Autonomic dysreflexia, 350-351 

Autooomic effectors, innervation of, 333-339 

Autonomic nervouS system, 335-337, 33M; see also Parasympathetic 

nervous system; SympathetiC nervous system 

anatomy of, 304-35:'>, 30M 

of bladder, 335-337, 336f 

clinical conditions, 347-352 

denervation hypersensitivity, 348 

Hirschsprung's disease, 349 

Horner's syndrome, 333, :148, :\49f, ,')5(H' 

[{aynaud's disease, 348 

spinal cord injury, 349-353 

control of efferents, :'>46-347 

by hypothalamus, 346 

hy nucleus of tractus solit<ll'ius, 347, �47f 

cutaneous effectors, 33 I -:'>32 

development of, 379-381 

functions of, 307t 

of head, 334-335 

of heart, 333 

of lumbar region, 218 

of lungs, 333 

neurotransmitters, 344-346 

acerylcholine, 344 

neufopeptidcs, Yi5 

norepinephrine, 345, 34M 

pharmacologic concerns, 345-�46 

plexus of, 320f, 320-321 

rdlexes, 340-343 

somatosomatic, 54 J 

somatovisceral, 341-343, ::\42f 

viscerosomatic, 341 

viscerovisceral, :\41 
of sexual organs, �37-3W, 338f 

visceral afferents, 339-346 

central projections and pain referral, 341-342 

and parasympathetic division, 340-34 I 

and sympathetic division, 341 

Autonomic postganglionic neurons, 305, 3051' 

Autonomic preganglionic neurons, 305, 30';f, 30M 

Autonomic rellexes, 342-::\45 



Autonomic rdkxes-cont'd 

,omatosomatic, :H2 

somatovisceral, ,�4:1-:l,H, :I'Hf-YI'5f 

viscerosomat ic. .142 

visccrovLsceral, :,43 

Axial-occipital syndesmo,is, :17 

Axial rotation 

cervical, 1,)6, I :lot, 137, U7t 

lumbar. 21,:1,214, 214t 

th()r�ci<;, [(iH 

Axillary artery, 147[, 14H 

in rhoracic cage, 161 

Axillary nerve, 14H, 25<1 

Axill;ll,' v"in, 160-161 

Axis, 12:)-12(" 124f, l2Hf 

muscular attachmenrs ro, 12()t 

Azygos system of veins, 170f, 172-17:1, 174f, 2J9 

development of. :lH9, Y)O 

B 

tlabinski ,ign, 29'5, 297 

Ilack 

nluscles of; see I3acl' muscles 

palpatory landmarks of, 4-H, 61' 

primitive, ,'175, :17M 

surface anatomv of. :I-H 

visual landmarks of, 4, 5f 

Back muscles, 72, 7:1-H7, 74f-76f. HOf-H If, 8,'>f-H6f, 10 It-103t; see 

({Iso ,\jJeciJic muscles 

first layer of. 7,'>-7'5, 74f-�6f, IOIt 

second laver of. 74f-76f, 76-77, IO l t  

third layer of. 74l', 77, IOl t  

f'lU["th laver or, 77, HOf-H I f, 1 0  It 

fifth layer of. 77 -H2, H:\l, L02t 

sixth layer of. H,'If-H(,f, H�-H4, H6-H7, 102t-to:lt 

development of, :lH2 

Back pain: see als'o Pain 

caSe ,study txample, :'\'):)-:16':) 

lumbar (lower back), 177 

case stlldy examplc, ,'>'5'5-:\71 

incidence and cost of, 177 

sources of, 177 -178 

sacroiliac joint and, 227 

l joints and, 27-2H, 29f 

!3aroreceptors, �d 7 

Basal ganglia, 27'5 

Basilar anery, 140 

Basivertebr�1 veins, :,\'), '541', 70f, IH I f 

I3asophils, 400 

Bastrup's synd,xlme, J 92 
Barson's channels; see Internal vertcbral venous plexus 

B dkrent fihers, 252, 252t 

Bt:t:t adrenergic receprors, ,H5 

Ikw moror neurons (skelerofusimotor efferellls), 284, 287 

Riceps (cmoris muscle, ':)<), 99f. JO(), I05t 

innervatic>n of, 257 

Bipedalism, stress of, 177-17H 

flivenror <:ervicis muscle; see Spinalis muscles, capitis 

Bladder, Uf, 15 

innervation of, 5,'>5-357, ):)Of 

spinal injuries and, 550-551 

Blastocyst, ,07'5-57H, 57M, .'> 77f, 379f 

Bone density, vertebral, 2l 

Bowel function, spi,ul injuries and, :1')0 

Brachi"l plexus, 12, 160, J61, 16,,> 

muscles supplied by branches of, 257t 

Brachial plexus-cont'd 

nerves of, l46- 14R, 147f, 254 

Brachiocephalic ane,!" 173 

Bracbioceph"lic rrunk, 147f, 15l, l70f 

Brachiocephalic vein, l4, 1'>3 

Brain stem, 275 

dorsal view of. 26Rf 

ventnl surface of. 27':Jf 

Bronchi, 14 

Brown-Sequard syndrome, 2,)7, 29He 2':)':Jf 

c 

C"I; see Atlas 

CI-C6; see Ce,vieal region 

C2; see Axis 

C6; see Carotid tubercles 

C7; see Vertebra prominens 
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C afferent fibers, 252, 252t, 253, 2(,:'>t, 264, 290, 5,'>'5,'I61-.'>()2 

Calcaneal nerve, rnedial, 256f 

Calcitonin gene-rdated peptide (CGRP), (':), 264 

Cardiac nerves, 149 

Cardiac plexus, 322 

Cardinal veins, 387 

Carotid ane,ies, 53f. 155 

common, 14, 14H, 152[, l73 

development of, :)87 

C),,'ternal, 152f, 153 

internal, 148 

C"rotid body, 155 

nerve to, 149 

Carotid foramen, 15:) 

Carotid plexus, imernal, :) U, 315f 

Carotid sheath, l48 

Carotid sinus, 14, 152f 

Carotid tubercles, 6, 6f. 127 

C:>rtilage, development of, 384, :'>H6f 

Canilage matrix, microscopic anatomy of, 396-:'\97, 599 
Cartilaginous end plate, mieroscollic anatomy of, 41 ,�-,41 '5,41 ,if, 

415f, 414f, 4151'; see also End plate, cartilaginous 

Cauda equina, :)7, 55, 6lf, 187,19'51', 225 

claudication, 190 (box), ) ':)0-191, 192 

ischemia, l':) I 

Cecum, 1'5 

Celiac g:lI1glion, �06f 

Celiac plexus, 522 

Cell nests, 39,j, :)97f 

Centr;,1 nervous s)'stem (CNS), 53 

Central process, 54, 5Hf 

Centrum, 18 

Cerebellar arteries, clevelopment of, :)H,) 

Cerebellar peduncle, 268f, 2741' 

Cerebellum, 275 

and autonomic nervous system, 34H 

Cerebral cortex, 275 

and autonomic ne,vous syslem, :'>48 

Cerebrospinal fluid (CSF), 56 

volume and composition of, 58 

Ceruleospinal system, 283 

Cervical artery, l'5) 

Cervical articular pillars, Il5, II 5f 

Cervical enlargement, 5), 59f 

Cervical ganglion, 309, :'\21 I' 

inferior, J 1-12 

middle, 11-12, 121',314,3 151', .'>lHf 

superior, I 1, j 2f 

Ce,vical lordosis, 19-20, 109-110, j 78 
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Celvical nerve, rransverse. 12, 12f. 146. 146t 

Celvical rlexus, llerves of. 146. 14(,t. 147[, 254 

Ccrvie,1 region. �, 109-155 

alar lig"ments or, 1�2, L\5f 

antet'ior longirudinal ligament of. I��f, 1,)4 

artnies of. 40 

arliuolm pmccsses of. 113-116, 114f-115f 

;ltlanto-axial joints, 127 

atl;olllo-axial ligaments, accessory, I �O 

atlanto-ou:iriral articulations. 127 

atlanto-occipital memhrane. anterior. 1,)2 

atlas. 120- L2.), 121 I' 

atypical vertehrae of. 120- 127 

axis, 12-1-12(" 124f 

carotid tuhercks. 127 

characteristics of. (,5, 109- II R 
clinical concerns, 129 

cruciform ligament of. 1,-10-1:\2. 1:\ I I' 
cXlernal asrec:r of occipital hone. IIS-120, 119e. 120t 

ini"tTior longitudinal band of. 1,-\2 

interspinous ligamcnts of, 1;\5 
intcrtransverse ligamenrs of. 1�5 

inrc,verrehral discs of. ,-I I, 1,-15-1:16 

i'Hcrverrehral foramcll or, \2. 117-IIS 

I;,minac of, IIG 

"'t('fal lips (uncinate proccsses) uf. 110-1 II. Illf. 114f, liS 
ligan1<:nrs of. 129-1 :\') 

lower, 12')f. 1,)Of. I :I:\f. 1,)4-1,-1" 

upper, 12l)f, 12')-1:12, 15()f, I:\:lf 

ligamel1lum nuchae of. 1:15. 136f 

morphology of. 54, 55 

ncrves of". 140-14 ') 

anterior neck, 1,14. 14(,-149 

brachial. I 16-148, 1,47f. 2')4 
cervical plexus, 146. I :j(ir. 1·471', 254 

dorsal rami. lilf. 1--11-143 

roorlets, roots, roO! ganglia, mixed spinal nerves, 140-143 

s),mrathetics, 144. 14"f 

ventral rarni, l..tlt'. 143.254 

odontoid proc�ss of axis. 125, 12') 

pain gctlcr;,tors of. 5'59 

pedicle, of. III, IIII' 

posterior atlanto-occipital membrane of, 129f. 12')-1:\0 

posterior longitudinal ligament of, 15Of. 154 

,'adicular pain, 11'5 

range of motion in, 1:\6-157 

spinous process of, I 17 

sUllerior longitudimtl band of. 1:\2 

surf;lcc anatomy of. 4-C,. 6f 

sYl1lpmhetic trllnk, ,-IOH, 5 I Of, -"1.�-514. 515f-517f, 317, ,,181' 

tectorial memhrane of. 1:\0, UOf 

tTanw,rs<; ligament of. 1,:\0-1:\ I 

transverse processes of. L II f, I I  J. - I 12 

rypictl venchrae of. IIO-IIH, III f 

uncinate process of, 110-111, 111f.114f.IIS 

vertehral artery and, 156f. 1:\7- 140. 1,�8f, I :Wf 
ve rto:: bra I hody of, L 10. II If 

injurit:s to, I II 

vertc'br:oll()ramen of. 116-117. IIHr 

vel-tehl'al Ievt:" of clinically important stntctures, lOt 

vertebra promincns, 12M, I. 26t. 126-127 

Z jOillls of, 115-116. 115!. 1171' 

Cervicll ribs, 112 

Cervical spinal nerves, 57, '5·4 

Cervical spondylitic myelopathy, 11(,-117 

CtTvicalsvl11pathetic rrunk. :'>OR, :)1 If. 31:\-314,:\I'5f-,:\I7f, .'117. :\JSf 

CClvical tubercles. 112. 11·.ff. I 1'.)1' 

Cervicothoracic (stellate) gangUon, 12, 121'. 144, ,)I 4. :\ I 5f. ,) I ')I 
Chemoreceptors, 3:\7 

Cholecystokinin, 6:\, 264 

Chondri1icarion centers. I R 

C1lOndroblasts, :\94, ,WHt, 402, 415-416 

Chondroeytes. 391. 402. 412, . .j 17 

Chondroitin sulfnre, 397.410,4 I'), 416, j I 7 

of anulus IibroSllS. 410 

Chondroitin 4-sulfate, :\97,417 

Chondroitin 6-sulfate, 51)7. 417 

Chondronectin.397 

Chordomas. 35 

Cborionic cavit)'. 377. ,�ROf 

Choroici plexus. 5(, 

Ciliary gangliol1, 3061' 

Ciliary muscle. 3,-1:\ 

Circumducrion. 2H 

CircumOex iliac artery. deep, 24:1 

Cisterns, '57 

Clarke's nucleus, 273. 2741' 

CI�vicle. 16:\ 

Clonus. 2'.) I, 295 

Clunial nerves, superior, 21 (, 

CN 1fI: see Oculomotor nerve 

CN IX: see GlossopharyngeaL nerve 

CN v: see Trigeminal nerve 

CN VU: see Facial nerve 

eN X; see Vagus nelTe 

Coccygeal cornu, 22:1f, ,zj 2f 

Coccygeal ganglion. 50'.) 

Coccygeal ligament, (, I f 
Coccygeal segment. 24 I -242 

Coccyx, 71'. R, 19, 22,)f. 224f. 241-242. 2421 

;lttachmel1ts and relationships to, 226t, 242 

clinically important srructures at kvel of. 101 

nerves and \'essel� associated With. 24,)-24'5 
ossification of. 241 

Cold thermoreceptor>. 2'52 

Collagen 

of cartilaginous end plate. 4 1,-1 

functions of, ,)')6. 400t 

of IVD". 32, :\5, 40(i 

mic('()scopic anatomy oC :i96 

synthesiS of. 4(H (box), 40,-I-.JO,).,[O-1f. 40'5t 

rypt: II. :),)(i, 405r, 406 

type III. 402. 40'5t. 'i06 

types of. 405-406 

cilaraeteristics of. 40"t 

of Z joinrs, 402-405 

Colon, I:\f. I') 
Combined systems disease. 299 

Common carotid arrery. 14, 14H. 1')2f, 17,� 

Common iliac vein, 14,245. :11)0 

"Compartment" syndromc, 7'5 

Comp uted tolllogr;orhy (CT), 4R-49 

single 1)llOton emission (SPECT), ,4') 
rhret:-dimensional,49 

CondylOid canal. 119f 

Conjoined nen'e roots. 197, 19Hf 

Connective tissue 

cells of. :l9Ht, 402 

components of. W4, WHr, 402-�()(, 

early. 402 

extracellular matriJ' of. 402 

GAGs of. 416 



Connectivl'tisslIt:-C()l1r'tl 

hhers 0/ 40(h. 4()2-j()� 

mature, 102 

Conus meuull:lris. H, Yf, I I, �2. �(,f. (>1f. IS7. 1'):If 

syndrome, :I�() 

Coracoid process, 1(, I 

Corporotrallsverse ligament, ·4:;, ·�(}f, -171"' 

l�. 202 

Corticospinal tracr. 27C,-2HO. 2771', 278f. 2<)HI' 

lateral. 2(,�f, ?7(', 277f. 2S0 

surgical damage ro, 27() 

variability of, 276, 27<) 

ven\('al, 2(,�f, 276. 277f. 27H 

Costal demif:lL'cts, 1'i7f. I �H 

Costocervical I runk, I'; I 

CostoC(,rporeal al'ticularions, Iig:ll1lents of. 16M. lei7 

CoslOeoqlOn:al joint. I �H. 1(,2 

Coswdiapill'agmatie recesses, 14 

Cosrotransvcrse articui:otion, 1(,(" I ('of. 1(,7 

ligam,nts of. I �9t. I (,(,t', 167 

1:llel�ll, 1')91. [()7 

superior. I i9l, 1()7 

Costotransv,rse foramen, 16M, 1(,7 

of Cruveililier, 1('9 

Cos(Olintehral articulations. I (,M. I (,()-I (,7 

CoslOvertebral joil11. I'iH 

Coxal joint, 227 

Cranial nerves, '15; see {(Iso .'IJec(!ic HC!rlleS 

Craniosacral division; see Parasymparhetic nervoll� sy.slenl 

Cremasteric reflex, 29�, :\4:\ 

Cremastn muscle. innervation of. 217 

Cricoid cartilage. ()f. I y, 17:1. 174 

Cricothyroid muscle, 1,4<) 

Crossed ,"tensor relkx, 290 

Cruciform I ig:J I1lt'n I , I �O-152. I � I f 

CST: see Corticospinal Iraer 

Cuneiform venehr:!. IH 

Cuneocerehellar tract, 27'1. 274f. 27';. 2H4t 

Cupola. 12(, 

Cutaneous autonomic ctfector� .. �51 

Cutaneolls nerve:: 

intermediate. 2�,)1' 

later;rl hr;rchial. 2,)�f, 2�(,f 

l;rteral femorJI. 21 R. 2')7 

lateral sur;rl, 2,)�f. 2';()t 

medial. 2,)�f 

medial braclliaJ, 2'i�f. 2,)(,f 

po�terior hrachial. 2,)';f. 2,)(,1' 

posterior t,,:moral, 2,)()f 

of til igh, p()�teri()r. 24:1 

Cutaneous receptor,;, 2,�2-2')5, 2'i';f- 2,)('( 

Cutane()L1� retkxes, 29') 

C) tol'lasmic process. :'>79 

CYIOlrOphohl;rst, 57'i .. '>77, �77r. �ROf 

o 

Danos mllscil:, innervation of. 217 

[)eep tendon retkxe�. 2,)HI 

Dc,I('J"s nucleus, 2HO 

Deltoid muscle, 7'if. 7M, �H:\ 

Dencrvatioll hypersensitivil)" YJ.H 

Dens (odontoid prOct'ss) or' axis. ,)'if. 120. 122. 12:\, 124f, 12'i, 12Hf 

apic;rl ligament of, 1.,2. I ��f 

Denticulate lig;rment, ')H. (,2f, (dl' 

Dennat;rn sulfate, -4 lO. -i I(). 4 17 

analysis of. ·411t 

DcrmJtumal lllapl,ing, 2�';f- 2,)(,f, 2';7-2'iH, 296 

Dermatol11cs, 17 

dcvelopl11enr of, .,H4 

Dennis, development of. ;lS4 

Descending autonomic libel'S, 2H�, lS'it, .'>()4, j66 

[NDEX 425 

Descending tracr� of wllite In;r rrer , 27';-2H3, 2H';I; see alsf) "pccijic 

tracts 

cOl'licospinal. 27(,-280, 277f. 27HI. 2R�t 

medi;rl longitlidinJI f;rsciclilus. 265f, 282f, 2H�, 2H';t 

reticLllospinal. 2S0, 2Hlf. 2H51. 29'; 

ruhrospinal, 2HO, 2H2t, 2H�, 28')t 

teclO�pinal. 2(,')f. 2S0, 2R2f, 2H3. 28';t 

upper' motor neurons. 29';-296 

vestibulospinal, 26';f, 2HO, 2H2f. 2H')l 

Detrusor Illuscle. :1:\4f 

Diagnostic imaging, advanced, 46-'19 

Diaphragm. 1-1,0:\-<)'), 94( l O·4t 

development of. :IS� 

illllt'fvariot1 of. l)� 

Diaphragmatic lymph nodes, 17,' 

Diapophysis. 2� 

Diarthrodial join!. :\91: seC' a/so Zygapo[1hyscal joints 

Diastem:lromydia. :is 

Diffuse idiopathic skelual hYJlt'l'osrosis (D1SH), 192 

Digastric muscle, l 'iOt 

Digital imaging. 49-';0 

Digils, innervation of, 14R. 2')4 

Discograpln, 4<) 

pain of. :\4 

Dorsal arch: see Venchral arch 

Dorsal column-medial kmniscus (DC-NIL). 26';. 265f, 2(,7f, 2 (,Hf, 

26H-2(,9, nor, 27';. 2H4t 

loion ass<::ssment, 297 

[)orsal commissural arca. 64 

Dorsal funiculus (column). 64, (),il'. 2H41 

Dorsal horn. 62. (i�, 641'. 6<). 2'iH, 2()O, 2Mf', :\UHf 

laminae of, 2�<)r, 2(,0 

trigeminal nervc and. 260, 261 f 

Dorsal intermediate sulcus. 6')f. 26H 

Oorsal r,uni; see Posterior primary divisions 

Dor�al roo!' ';4. 'iRf 

cervical, I III 

development of, :\H2-;\H4, :IHHt' 

lesioll as�c'smcrH. 296-2<)7 

lumbar. 21 'i 

Dorsal root emry zone. 2(,2-264, 2(df 

Dorsal rool ganglia, 5Hf, 2') 1- 252 

cervical. 140-l'i:1 

development of. �H[) 

and pain pcrception, �57 

Dorsal rootlcts, ')9f. ClOf. 62f 

n:rvical. I I H, 140-141 

Dorsal sacrococcygeal ligament, 226t 

Dorsal scapular artcry. 1')3 

Dorsal scapular nerve, IOlt, 146 

[)orsal spinocerebellar traer C[)SCT). 26')1. 27:\, 27·H. 27-i-27';, 284 

Dorsal tcgmental decussation, 282f 

Dorsolateral �ulcus, 591'. 62f 

Dorsolateral tl�lCt of Lissauer, 2(Af, 2()4, 265, 2(,'if. 272f 

Dorsolumhar kyphosiS. 4 I ') 

Down syndrome, 129 

DUf<li attachment compkx (Hoffmann ligaments), ')(', lH9, [ H9f, 201 

Dural root sleeve, ·42. (,�f 

cervical. I 12 

lunloar', 1891', [92. 1<)4- [<)') 

anomalies of, 196-1 <)H, 19Hf 
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J)ur:o onater, 10,1 [f. ')6, (,Of, (; [f. 6,'1f' 
deve[opment of. 3HZ 

lumbar, I':).-H, 1':)')(" 

i)ynorl'llitJ, (,:1 

E 

Ectoderm, :177 .. '>77f, .'>HOr 

surface, 378, :\HOf 

Edinger-Westphal nucleus. :\2:\, 324f 

Elastic lihel·s. 4()(lt,'t()2 

Endoderm, :\77. :l77f' 

End plate, cartilaginous 

aging of, 41:\ 
anicular Gtrrilage byer. 41:\. 41 "if 

hone formation in, 4 [:\ 

fracture 01'. 41·4-4 I '), '11M, -1 17f: see Cllso Schmori's nodes 

function or. 4 15 

and (;A(;s. '116 
growth cartilage layer, 413. 41 "if 

and fVn nutritioo. "13 

microscopic anatomy of.-I 1 3-41'), 414f, .j I 'if. 41M, 417f 

Enkcphalills. :144, :I(d, :\66 

Enophthalmos, :\46 

Entcric nervous system 

;111altlmy of, :\27-33:\, 3.1 [I', :\:\2f 

and visccrovisceral rdlexes, .-)4:\ 

Eosinophils. 4()2 

[P; SI!I! I:nd platc, cartilaginous 

Epididymis, :I:\6f 

Epidural (;tl. :\,), ,)4f 
I:pitlural space, :\<.), 'i(, 
Epidural venography, :\,), .JOf 
Epidural 1'"tIOUS plexus, :\')-40, 70f, 71, 38':) 

EpigaStric ancry. 24,-1 

Epiglottis, 14 

I:pimen,s, development of, :\R4 

Epi-pia, '57 

Equalorial arteries. IHO 

Erh's point, [2, 12f 
[['"erions, psychogenic !'s. relkxogcnic, 3:\'), 3Y,f, ,)37, 350 

Erector 'pina" muscles, <i. '51', 74, 77-H2, 8:\f. 382 

and compartment syndrol11e, 7') 

development of, .:\84 

innnvation of, 142 

s:teral attachment, 224t, 240f 

strcss on, l7H 

thor;[cic altaeh[m:nr, I ')')t 
Esophagus. I'), 170f, 17:\, 174f 

Extension, 2H 

cervical. I :\7t 

bctms limiting, 28. :\2t 

lumbar, [H), 209, 21.:\ 

Extensor toe sign, 2<,)') 

External ahdominal oblique muscle. l)(if, 9R, 10')t 

External jugUlar vein, 1).:\ 

External ()ccipit�tl protuherancc (EOP), 4, ,)f, 6f, 71'. II H 

Ext.ernal vertehral venous plexus, :\'),5')0 

Ext.eroreceptors, 2')2 

Extradural venous plexus; see Intcrnal vertebral venolls plexlls 

Extraemhryonic clletlem, .:\77 

Extraemhryonic somatic mesoderm, .:\77, 378f. 3HOf 

Extraemhryonic splanchnic mesoderm, .:\77, 37Hf, 380f 

Extrarll,al fihers. 2H(,f, 2H7 

Eycs and C)'e1ids, innervation of. .:\3.:\ 

F 

facet �tnhrosis, 1')0 

Facet joints; see Zyg"l'0plly�<:al joints 

Facia[ artery, ['i2L 1'5:1 

Facial nerve (eN VII), :\06L 324, :126f-:127f, .)3<; 

Facial vein, 1'):1 

Far-out syndrome, 20:1 
Fasciculus, mcdial longitudinal, 26')f, 2H2f, 28:1, 2Wit 

Fa�ciculus cuneatus, 26,)f, 267f, 268-26':) 

Fasciculus graCilis, 2G'if. 267f, 2(,H-2(,') 

medial. 2(,8 

Fascicllius intertascieularis. 2(,,), 2(,'5f 

Fascicultb proprius, 26')1' 
Fascicllius s<':pl'Ol11arginalis, .2(,'), 26'5f 

feedback inhibition, 28') 

Femoral 'JerI'''', 10k [06t, 1'):11. 217 -21H, 2')'[, 2')7 

Fibers of connective tissue, 400r 

fibril. 40') 

Fibrillin, 400t 

Fibroblasts, :1,)Ht, 402, 403 

Fibrocartilage, 402 

anal)"is of. 40,)1. 4 [7, -'18f 

Fibmnectin, :199, /jOOt 

fibrosus capsule, :\')4 

Fihular nerve, 2,)·.j 

deep, 257 

superl'lcial. 2'57 

Filum rerminale, ,)7-)R, 61r. IHHf, 19:\f . .22'i 

first-order neUl'ons, 264, 26'), 2(,6f. 2(,') 

Flexion, 2H 

ccrvical, 1:16, l:'>6t. I:)7t 

IUlllb"\', IH2, [1'4,20').211,21,>,2[·", 211t 

rhoraeic, 168 

Flexion retlex. 2':)0, 292f. :\41 

"FI()wcr-�pray" endings, 2H7 

Huorosis, 1')0 

Foramen magnum. 119f 

Foramen of the rransvcrse process, I 12 

Foraminal spurs, lumhar, 20 I. 20 I f 

Foraminal st�'nosis, 18,). 212,212 (box) 

Forearm, innervation of, l·i8. 2')4 

For"stier's disease, 192 

Fractionation. 27') 

Fusil1lotor cfferents: see Gamma I110tur neurons 

G 

Gadolinium, 48 

(;"enslen's res\', 239 

GAGs; see Glycosaminoglycans 

Cal act. llsamine, 41') 

Gallbladder. I') 
(jamma-aminobutyric aeld (GAllA), 6:\ 

Gamma motor nellrons (f\t�imotor effcrcnls), (,0, 2(,2. 27,). 2H,'>. 28(,f. 

2H7, 29:\. 2')4-29') 

dyndmic and sratic, 28<,) 

lesion asseSS111enL 294 

Gastrulation, :\78 

Gate control theory. :\64 

Geniohyoid muscle. I �()t 

(�el1irofemoral nerve, I ').:\f, 217 
Glossopharyngeal nerve (eN IX) . .'>06f . .:\24 . .:\2Hf. :\.�), :\:[ [ 

in anterior neck, [46, [4<.) 

Gillcosamine, 41') 
Glucuronic acid. 41 ') 



Glutamatc, 264 

Gluteal artery, 24') 
Gluteal clefr, ') f  

Gluteal fold, 5f 

Gluteal nerve ,  254 , 320 
inferior, 1 00, LO(it, 243, 2')7 

superior, 243, 257 

Gluteus maximus, 99f, 1 00, 1 0(it, 226[, 240f 

innervation of, 257 

Glycine, G3, 403, 404 

Glycoproteins, 397. 399 

Glycosaminoglycans, 4 I I t  

of ground substance, :'>97, 406 
microscopic analysis of, 398t, 4 I l l ,  4 I ')-4 I 7, 4 1 6t 

Goigi complex, 403, 404, 4 1 2  

Goigi tendon organs (GTOs), 253-254,  28'), 286f, 287, 288f 

cervical, 1 3 5  

Goigi type I cells, GO 

GoIgi type I I  cells, GO 

Gonadal a rtel)', 2 1 R 

Gradient-ccho imaging, 48 

Graphesthesia, 2')3 

Gray matter, (iO-(i4 , 64f,  G5, 69, 2')8- 262 
uevelopment of, >,82-3M, 388f 

laminae of, 258-262, 2')9f 

ciorsal horn (laminae I -VI), 260, 263t 

la minae VII-X, 260-262, 263t 

periaqlleductal, 364 

Gray rami communicantes, 1 44 , 1 4 ') 1', 1 70f, I 7 1 f, 3 1  I f, :l1 2f, 3 1 4, 

3 1 7 ,  3 1 91', >'33, :158-:159, "59 (box) 

cervica l ,  3 1  I f, :\ 1 2f, 314,  3 1 7 , 3 1 8f 

fo rmation of, 381 
pudencial, 320 

thoracic, 3 1 7 ,  3 I 9 f 
Great auricular nerve, 1 2 ,  1 2 f, 1 46,  I 46t 

Greater cornu of h),oid bone, (if 

Ground suhstance 

amorphous, 406 

extracellular, 406 

microscopic analysis of, 397, 399, :l99f. 400[, 406 

m icroscopic anatomy of, 397, 399, 399f, 400t, 406 

Gunshot wounds, 294 

H 

Hamstring muscles, 99[, 99- 1 00, 1 0 5 t  

innervation of, 1 0 5 t ,  257 

Hand, innervation of, 1 4 8 , 2.')4 
Head; see also Anterior neck 

innervation of, 332-333, 380 

Headache, ccrvical, 1 4 2 - 1 4 3  

Heart, 1 2 - 1 4 ,  1 3f 

development of, :'>87 

innervation of, 333 

Hemangiomas, intraspinal, CT of, 48 

Hemiazygos vein, 1 70f, 1 72 - 1 73 ,  2 1 9, 390 

Hemidiaphragm, light, 14 
Hemiplegia, 295 

Hemivertebrae, 1 8  

development of, 386 -387 

Hepara n  sulFate, 4 1 6 , 4 17 

analysis of, 4 1 1 t 

Hepatic veins, 2 1 9  

Hering-Breuer reflex, 3 4 1  

Hirschsprung's d i�ease, 349 

f-I[V infection. 299-:'00 

Hoffmann ligaments, 56. 1 89, 189f. 2 0 1  

!-Iorner's syndrome. 3.) :\ ,  :,>48, 349[, 3501' 

H u merus, 73 

Hyaline cartilage, 394 , 402 

sacrA l .  233 

Hyaluronic acid. 397, 402, 4 10 , 4 1 5 , 4 16 , 4 1 7 

a nalysis of. 4 I I r 
of anulus tibrosus, 4 1  () 

Hydroxyproline,  -i03,  404 

HyOid bone, 1 4  

Hyperostosis, sacroiliac. 2.'>7 
Hypertonia,  2 9 1  

Hypesthesia, 296, 2981' 

Hypochordal arcll, 1 20 

H ypogastric plexus, 30M, :\ 1 7f. "20,  3 2 2 ,  33M 

Hypoglossa l nerve (eN XU), 1 46, 1 4 7f, 1 49 ,  I ,)2f 

Hypomeres, and muscle devel opment , :'>84-:185 

Hyporeflexia, 294 -295 

Hypothalamus, 345 

Hypothenar muscle, i ltnervaticHl of, 2')4 

HypotOnia, 29 1 

Ileum, 1 .'>(, I S  
Il iac artelY 

deep circumt1ex, 244 

deve lopmen t  of, 389 

external. 244 

internal. 66, 245, 390 

Iliac aulicLllar surface , 228-23 I 

I liac cartilage, 2:'>3 

I l iac crest, 7 ,  7f, 8 

I l iac muscles, 93,  94f, W4t 

inne rvation of, L 04t .  2 1 7 
Iliac ridge, 228, 228t, 233f, 2351' 

I l iac spine 

anterior superior, I I f  

posterior inferior (PIlS), 228, 233f 

posterior superior (PSIS), 4 ,  7[ 230f, 2 3 1  r. 2:'>.'>f 

Iliac tuberOSity, 228, 228t, 233f, 235f 

Il iacus muscle, 93. 94[, J 04t 

sacral mtachment. 224t 

Iliac vein 

common, 1 4 ,  245, 390 

internal, 24 5 ,  390 

lliococcygeus muscle, 226t 
Iliocostalis muscles, 77, 79-80, 82, 8:'>f, 1 02t  

cervicis, 78t 79f, 80, 82, I 02 t ,  I 12 

innerva tion of, 10 2t 

lumbontm, 77, 781', 79[' 79-80, 8:1f, I 02t 
rhoracis, 78f, 79f, 80, i;:'>f, 1 02t 

l I iocostocervicalis muscles; see I l iocostalis muscles 

Jliohypogilstric nerve, 2 1 7, 2')6f 

Ilioinguinal nerve, 2 1 7 ,  255f  

Iliolumba r artel)" 203 , 245,  389 

I N DEX 427 

I l iolumbar ligaments, 1 8 1  t, 202, 208-209, 209f, 2:) I ,  2:'>8f, 245f 

sacral attachment, 224t 

I l iolumbar vei n ,  :'>90 

lI Ii 's ligament, 228 

Imaging, advanced diagnostic, 47 -')0 
I nferior articulu processes, 22f-2:'>f, 24 

of atlas,  1 22 

of axis, 1 26 

.' 
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Inferior longitud inal  hand. I � 2  

I nk:rior v e n a  cav�. 1 4 .  2 1 S-2 1 9  

development of, �90 

I n ferolarera l angle of sacrum ,  22�f 

I n fr:l hyoid muscles, 1 49 

In("r:ospinarus muscle. 7 5 f, :\S5 

innervation of. 1 48 

Ingui nal l igament, I I ,  I I  f, 9S 

In terhody joim, 29-�:\;  see also I ntervertehra l discs 

I nrerchondra l jo ints. 1 ()8 

Intercornu,,1 l igaments. 226t 

Int en:()stal arteries, 66, 1 6:\ , 1 70f, l 7 1 f  

anterior, 1 72 

highest. 1 5 2 

posterior, 1 701', 1 7 2 

In lerc<)Slal muscles. 9 5 .  96f, 1 04t ,  I 05 t  

development of, �S2 

Intercostal nerves, 77. 9'),  I 04l- 1 05t,  1 61 ,  1 70f, 17 n, 1 74 f  

I n tercostal veins, 1 6:\ , 1 70f, 1 7  I f, 1 72 - 1 7 ;\ 

Intercostohrac h ia l  nerve, 255f, 25M 

I nrerla mi nar join ts ; see Zygapophyseal joints 

Inte rmediate cuta neous nerve , 255f 

I n lcnnediat<; mesode rm , 577 
I ntermediolateral ( I M L.) cell colum n ,  507 

Intermediolateral ( 1 M!.) nucleus , �08f 

Internal abdominal ohlique musc le, 96f, 98, 1 05 t  

Internal arcuate fihers, 267f, 269 

Imernal  jugu lar vei n ,  1 4 ,  5:)f. 1 48,  1 52f, 1 53 

I n ternal vertebral venous plexus, :39-40, 70f, 7 1 .  387 

I n terneuron:;, 60, 6 1 -62, 25S, :\30, 332f 

Interoceptors, 2 52 ,  254 

visceral afferent:; and, :\39 

I nterossei muscled, i n nervation of, 254 

Interosseous sacroiliac l iga men t,  22S-229, 2:\M-240f 

I n te rsp ina le:; muscles. 90f, 9 I ,  l O:\t 

l u mbar attachment, 1 92t ,  2 1 71' 

I nrerspinous l igaments 

ce rv ical , 135 

l u mbar, I 92t,  206-207 

thoracic, 1 59t ,  165 

I nte rspinous syndesmosis, 37 
Ime rtransversarii musc les,  88-89, 90f, I05t 

l u mbar attachment, l S I ,  1 8 1  t,  2 1 7f 

thoracic attaehmeut, 1 59t 

1I1lertransversarius med ia l is 11II11horu l11 m uscle, 90f 

Inte rtr<lI1sve rse ligament> 

cervica l ,  1.3') 
lu mba r, 2UI> 

I ntertransverse syndesmosis, 37 

I n te lvelte bra l. discs, .'1 , 29-:\ .'1 

aging of. :3 I ,  I :\')- I 36, 406 

anulus libroslis of, :)2 ,  35,  3:\f, 34r  

m icroscopic anatomy of. 407 -409,  4 1 0 , 4 J Of. 4 I I  t 

compos iti on of. :\ 2 - � 3 ,  3 :\f, .'I4 t  

devdopment of, 30 . . '1 8 7 .  38Sf 

herniation of. 3 J ,  .'14 

inm:lvation of, .'\6-37 

lumbar, .'1 1 ,  I 1>8f, 1 <)6[, 20Of, 20 lf, 209- 2 1 3  

degeneration of, 2 1 2 ,  2 1 2 (box) 

disruption or. 2 1 2 (box), 2 1 2- 2 1 3, 2 1 3  (box) 

L5-S I ,  204 -205 

pain from, 209- 2 1 2 , n Of, 2 1 1 f, 2 1 2  (hox) 

problems with, 1 78 

microscopic anatomy of, 406-4 1 7 ,  407f-4 08f, 409f 

a n u lus hbrosus, 407-409, 4 10, 4 1 Of, 4 I I t 

carti la!-(inous end plate, 4 1 3 - 4 1 5 . 4 1 4f, 4 1 5f, 4 1 6f, 4 1 7f 

I nte rvertebra l d ises-cont ' d 

m icroscop ic anatomy of-CDnt'd 

clinical consideralions, 4 1 0-4 1 1 

fibroca rtilage, 405t,  4 1 7 ,  -4 I Sf 

glycosaminoglycans, 39S[, 4 1 1  t, 4 1 5 -4 1 7 ,  4 1 6t 

nucleus pulposus, 4 1 1 -4 1 2  

proteoglyea ns, 39<)f, 409f, 4 1 5 ,  4 1 6t 

naming of, 32 

nucleus pu lposus of, 52, :\3f, :\4t ,  }4 -:\6, :\ ) - .'\6, 406 

aging of, 406 

ca rt i lag inous end p late and,  4 1 2 

deve lopment of, 35 

hydration of, 36 

m icroscop ic ana lySiS of, 4 l l -4 1 2  

PGs of, 4 1 6t 

protrusion and heruiation of, ,'\6 

role of notochords in formation of, 4 I 2 

prolapsed, 4 I l  

protrusion (bu lging) of, :}4 ,  4 1 1  

shape determination of, �2 

spina l  ne,'Vcs and, :\7,  38f 

thoracic, 3 1 , 1 6 5 - 1 66, 1 7 1 f  

vertebra l end plate of, :)2,  33f, ::\-;1', 56 

Z jo int interaction wirlJ, :'>70 , ,'17 1  f 

I ntervertebral foramina.  4 1 - 47 

accessooy l igaments of, 4 4 -47, 46f 

bounda ries of,  4 2  

eel'Vical ,  1 1 4f, 1 1 7- 1 1 1> 

lumhar, 4 5 f, 4 4 ,  4 4 f, 4 4 t ,  4 5 f, 4 5t. 1 92 - 20:\,  1 9M 

boundaries of, 20 I ,  20 I f 

connective tissue attachmt:nts of the dur" to, 1 94 - 1 9-; 

general characte,istics of, 192- 1 94 ,  1 9:\(", 1 94 f- I 961 

L5 , 202-205 

pathologic conditions of, 20 I 

proper, 191>t, 200f, 200-20 I 

terminology associated with, 1 981 .  J 91>- 1 99 

pathologic conditions of, 43-44 

sacra l ,  225 

structures transversing, 4 2 ,  4:\f 

thoracic,  1 59- 1 60 

Intervertebral vein, 70f 

l ntracapsular ligament, superior, 228 

Intrafusal fibers, 2S6f, 287 

Ischial tuberosities, 242 

Iscbiococcygeus musc le , 226t 

Isogenous cel l  groups, 594, 397f 

boproterenol, 346 

IVDs; see I n telvertehral discs 

IVF; see l o1 te,ve rtehral fora m ina 

J 
JOint poin t sense, 2 ') :1  

Joint receptors, 2 5 5  

Jugular notch, 1 1 9f, 1 20 

J ugUlar proccss, I I  <)f, 1 20 

Jugular vein 

external, I ')  3 

internal, 1 4 .  53f, 1 4 8 ,  I ,)2f, 1 5 :\ 

K 

Kera tan sulfate, 397, 4 1 0. 4 1 5 ,  4 16 

analysis of, 4 1 1  t 

of anulus lihroslIs . 4 10 

Kidneys , 1 3 f, 1 5  

"Kissing spines," 1 9 2  

Kyphoses, 4 ,  1 9f, 1 9 -20 



Kyphoses-conr'd 

dorsolumhar, 4 I � 

�acra l ,  Ii 

L 

thoracic, 1 9 , 1 9f, 1 %  

compensatory, 1 79 

I . I - L5 ;  see l.umbar region 

l.;]CI'imal gland, innervation of. :) 3 .) 

Lacu na r Iigamem, 98 

Lllninae, 22, 22f, 64 

of axis ,  1 25 

ccrvical, I 1 6  

o f  gray matter, 2')8-262, 2�9f 

dorsal horn (la mi nae I-Vl), 260, 263t 

lami nae VII-X, 2(i 1 - 262, 26:'1t 

l u m bar, 1 87 

sac,." I ,  224 

LlIllinar syndeslllosis , 57 

Lam inectomy for spinal stenosis, 1 9 1 - 1 9 2 

Lall1inin,  W9 
Large intest ine, I ')  

Laryngeal nerve, 1 5 2f 

recurrent,  1 49 

superior, 1 48- 1 49 

u'ryngeal p rominence (Adam's apple), 6, 6f, 1 1 f, 1 4  

Laryngopharynx, 1 4 ,  1 5  

l.arynx, 1 5 .� 

L1teral arcuate ligament, 7 3 ,  94 

Luera I atlanto-axial joints, 1 27 

Late,�01 brach ia l  cutaneous nerve, 255f, 256£ 

Lateral dura l  (I-IoffmafUl) ligament, 1 89, 1 89f 

Lateral fa sciculus cuneatus, 268 

Lateml femoral cut:·'tleous nerve, 1 93f, 2 1 7 ,  255f, 256f, 257 

Lateral tlexion, 2H 

cervical, 1 36, l ,)6t, l ,) 7t 

(actors l imiting, 28, 32t 

lumbar, 2 1 3 - 2 1 4 ,  2 1 4 t  

Lateral funicular nucleus, 308f 

Late,-"l funiculus (column), 64, 64f 

j.1teral horn, 60, 65, 65f 

Utteral lips (uncinate processes), 1 1 0- 1 1  I ,  I I  i f, 1 1 4f, 1 1 8 

Ltteral lumbosacral arch, 73,  94 

Lateral pectoral nerve, 1 4 8  

L'tnal plamare nerve, 25M 

L'utral ponticl<:, 1 22 

Lateral receSs stenosiS, 1 89 

l.a teral reticulospinal tract, 265f 

Lateral (medullary) reticulospinal tract, 280, 28 i f, 285t 

Lateral root ligament, 1 9 5 

Literal sacral artery , 66, 24�, .'\89 

Latcl"!1 ,acrococcygeal ligament, 226t 

Lateral sural cut<lneous nerve, 255f, 256f 

Lateral vestibular nucleus, 280, 282f 

Lltissimus dorsi muscle, 4, 5f, 73, 74f, 75f, 76f, t O l t  

development of, ,�85 

innervation of, to I t, 1 48 

Lemniscus, medial, 265, 267f, 268-269, 277f, 284t 

Lesser OCCipital nerve, 1 2 ,  1 2f, 1 46, 1 46t 

Levator costarum muscles, 8,)f, 9 1 ,  1 0:'lt ,  1 59t 

development of, 382 

Levator scapulae muscle, 74f, 76, 1 0 l t, 1 23 

development of, 383 

innervation of, 10 1 t 

l.igamenta tlava, :'18, 394 

cervical, 1 1 6, 1 2 2 ,  1 29f. 1 34 - 1 3 5  

Ligamenta tlava-com'd 

lumbar, 1 84f, 185,  206, 207f 

ossification of, 200-20 1 ,  201 f 

microscopic analysis of, 400 

sacral, 224t 

thoracic, 164- 165 

Ligamentum nuchae, 37,  89f, 1 3 5,  1 36f 

Linea alba, 98 

Linea semilunaris, 98 

Line>, transversaria, 223f, 225 

Ijngual artery, 1 52f, 1 53 

Lissaeur's tract, 264f, 264 , 265, 265f, 2721' 

Liver, 1 3f, 1 5  

Locomotion, 275 

spinal control of, 293 

Longissimus muscles, 82, 83f, 1 02t 

capitis, 78f, 79f, 82,  83f, 1 0 2t 

innervation of, 1 42 

cervicis, 78f, 79f, 82,  83f, 1 02t ,  1 1 2 

innervation of, 82, 10 2t 

thoracis, 76f, 78f, 79f, 82, 83f, 1 02t, 1 59 t  

innerva t i o n  of, 2 1 6 

lumbar attachmem, 1 8 1  t 

Longus capitis muscle, 92,  92f, 104t,  1 1 2 

Longus colli muscle, 9 1 - 92, 92f, 1 04 t ,  1 1 2 

development of, 385 

ifUlervation of, 9 1 ,  1 04 t 

thoraciC ;]ttachmem, 1 58t 

Lordoses, 4, 1 9f, 1 9-20 

cervical, 1 9 -20, 1 09- 1 1 0 ,  1 78 

lumbar, 1 9, 20, 1 78 - 1 79 

INDEX 429 

Lou Gehrig's disease (amyotrophic lateral sclerosis), 299 

Lower motor neurons, 294 -295 

LSL; see Lumbosacral l igament 

Lumb;]r arteries, 66, 67f, 2 1 8  

Lumbar cistern, 5 7 ,  1 92 

Lumbar en largement, 55,  60f 

Lumbarization, 226 

Lumbar lordOSis, 1 9 ,  20, 178- 1 7 9 

back pain and , 1 78 

race and , 1 79 

Lumbar plexus, 2 1 7  

Lumbar puncture (spinal tap), 58 

contra indications to, 59 

Lumbar region, 3,  1 77-2 1 9  

abdominal vessels related to, 2 1 8 - 2 1 9  

accessory processes of, 1 8 1  

amerior longitudinal ligament of, 205 

arteries of, 40 

articular processes of, 1 8 1 - 182 

inferior, 1 82 

characteristic� of, 65 

dural roo t s!eeve, 1 89f, 1 92 ,  1 94 - 1 95 

anomalies of, 1 96- 1 98, 1 98f 

fifth vertebra, 203-204 

i ntervertebral foramina of, 202-203 

pain in, 203-204, 204f 

spondylOSis and spondylolisthesis, 203-204 , 204 f 

in terspinous ligaments of, 206-207 

intertransverse ligaments of, 208 

intervertebral discs of, 3 1 ,  188,  1 96f, 200f, 20 I f, 209 -2 1 3  

degenera tion of, 2 1 2 ,  2 1 2  (box) 

disruption of, 2 1 2  (box), 2 1 2- 2 1 3 ,  2 1 3  (box) 

L5-5 1 , 204 - 205 

pain from ,  209- 2 1 2 , 2 1 0f, 21 if, 2 1 2  (box) 

problems with, 1 78 
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Lumbar region -cont'd 

intervertebral foramina of, 4 3 ,  4 3 f, 44, 44f, 44t, 4 5 f, 45t, 1 92-203, 

1 96f 

boundaries of, 20 I ,  20 I f 

connective tissue attachments of the dura to, 1 94 - 1 95 

dimensions of, 43f, 44,  4 4 f, 44t,  45f, 4 5 t  

general characteristics, 1 92 - 1 94 ,  1 93f, 1 94f- 1 96f 

L5, 202-203 

pathologic conditions of, 20 I 

proper, 1 98t, 200f, 200-20 1 

terminology associated with, 1 98t, 1 98- 1 99 

laminae of, 1 87 

ligamenta flava of, 1 84f, 1 85 , 206, 207f 

ossification of, 200- 20 I ,  20 If 
l igaments of, 205-209 

lumbosacral articulation, 204-205 

mamillary processes of, 8, 1 65f, 1 79f, 1 8 1 - 1 82 

mamillo-accessory ligament of, 1 82, 1 84f, 2 1 6  

morphology of, 5 4 ,  5 5  

nerve root canals of, 1 92-203 

anatomy of, 1 95- 1 96 

anomaJies of. 1 96- 1 97 

clinical conditions related to, 1 99 - 200 

entrance zone of, 1 99 

entrapment of, 1 9 5  

exit zone of, 1 99 

L5, 197t, 202-203 

obliquity and length of, 1 95t 

para pedicular portion of, 1 98,  1 98t 

pedicle zone of, 1 99 

relationships of L5, 1 97t 

relationships of S I, 1 97t 

retrodiscal portion of, 1 98,  1 98t 

terminology associated with, 1 98t, 1 98- 199 

ne rves of, 2 1 5- 2 1 8  

autonomic, 2 1 8  

pain in,  177 

pedicles of, 1 79f, 1 80- 1 8 1 ,  1 88f, 200f 

posterior longitudinal ligament of, 189f, 205 -206, 206f 

problems and disorders of, 1 78,  4 1 1  

range of motion in,  2 1 3 -2 1 4  

spinous processes of, 8 ,  1 79f, 1 92 

attachments to, 1 92t 

stenosis, CT of, 48 

supraspinous ligament of, 1 92t, 208 

sympathetic tmnk, 3 1 7f, 3 1 8-320, 32 l f  

transverse processes of, 8, 23, 73, 1 79f, 1 8 1  

attachments to, 1 8 1  t 

typical vertebrae, 1 78- 179 ,  1 79f 

vertebral bodies of, 1 79f, 179- 1 80, 1 96, 200f 

a ttachments to, 1 80t 

vertebral canal (fora mina) of, 38, 179f, 187- 1 92, 1 88f 

dimensions of, 1 87, 1 87t 

dural atrachments within, 1 88- 1 89 

stenosis of, 1 89- 1 92 

vertebral levels of clinically important structures, l Ot 

Z joints of, 1 82 - 1 87, 1 83f 

aging and degeneration of, 1 86, 1 86f 

articular capsules, 1 84f, 184- 187 

biochemical considerations, 183- 184 

osteophytes in,  1 86- 1 87 

size and shape variations of, 1 83 ,  183f 

LlImbar sympathetic trunk, 3 1 7f, 3 1 8- 320, 3 2 l f  

Lumbar veins 

ascending, 2 1 9, 390 

develop ment of, 389-390 

Lumbocostal. arches, 1 8 1 t  

Lumbosacral arch, medial, 94 

Lumbosacral articulation, 204-205 

Lumbosacral joints 

anterior, 227 

problems with, 1 78 

Lumbosacral ligament, 202, 208, 209f, 243f 

Lumbosacral plexus, 2 1 6-2 1 8  

muscles supplied by branches of, 257t 

nerves of, 254,  257 

Lumbosacral region, 57f; See also Lumbar region 

surface anatomy of, 8 

Lumbosacral trunk, 2 1 8, 224 r, 243f 

Lungs, 14 

innervation of, 3 3 3  

puncturing of, 1 63 

Lymphatics, of head and neck, 1 5 1  

Lymph nodes, thoracic, 173 

Lymphosarcoma, 1 60 

M 

Macrophages, 396t, 400 

Magnetic resonance imaging (MRJ). 47 -48 

Male sexual innervation, 335-337 ,  336f 

spina.! lesions and. 350 

Mamillary processes, 8 ,  165f, 1 79f, 1 8 1 - 1 82 

Mamillo-accessory ligament, 90f, 1 82, 1 84f, 2 1 6  

ossification of, 1 82 

Mammary glands, 1 6 1 1  

Marginal zone of Waldeyer (lamina [), 260 

Mast ceUs, 396t, 400 

Maxillary artery, 1 5 3  

Mechanical nociceplors, 253 

Mechanoreceptors, 252,  252t,  254, 264, 265 

Golgi tendon organs, 285, 28M, 287, 288f, 289 

visceral affe rents and, 339 

Medial arcuate ligament, 94 

Medial brachial cutaneous nen'e, 255f, 256f 

Medial calcaneal nerve, 25M 

Medial curaneOllS nerve, 255f 

Medial fasc iculus graciliS, 268 

Medial lemnisclls, 265, 267f, 268-269, 277f, 284t 

Medial longitudinal fasciculus, 265f. 282f, 283, 285t 

Medial lumbosacra'! arch, 94 

Medial pectoral nerve, 1 48 

Medial plantar nerve, 256f, 257 

Medial (pontine) reticulospinal tracr, 265f, 280, 28 l f, 285r 

Medial vestibulospinal tract, 283 

Median atlanto-axial jOint, 1 27 

Median nen'e, 147f, 1 48, 254,  255f, 256f 

Median sacral artery, 2 1 8 ,  245,  389 

Mediastinal lymph nodes, 1 73 

MeduUa Oblongata, 1 1 , 52, 66, 266f, 267f, 270f, 27 l f, 272f. 274f. 

277f, 28 l f, 282f 
Medullary reticular formal ion, 280, 28 1 f, 285t 

Megacolon, 348 

Meissner's corpuscles, 253, 260, 264 

Melanoblasts, 379 

Meningeal nen'e, recurrent, 36, 42, 56, 354 

cervical region, 1 4 3- 1 44 

lumbar region, 1 96f, 209, 2 1 5 - 2 1 6  

and somatic pain, 358 

structures innervated by, 358 (box) 

Meninges, 52. 56-60, 6 l f-63f 

development of, 383 - 384 

Merkel's discs, 2 5 1 .  252, 253 



Me�eIlChl'me, 57\.>, .jU2 

Mu;entelic ganglion, 50('f 

Mesenreric vei n ,  inferior. 2·1') 
'''lesoderm. 1 7 , :\H,i 

absence of, 5H7 

t'xtracmbrvonic soma tic,  57�. :l7Hf, 5HO 
eXl1<lt'mbrvonic splanchllic. .� 77 . .  � 7Hf, :, HOf 

intermediate. 57\.> 

para x i a l .  :\7H 

!\ lctapll)'se<l l anastomo,,,::s ,  I HO 
Mt'triz.am iuc my<:lograpll)', 1 1 0 - 1 1 7  

M icrotiblib. 4o� 
M icroscopic anatomy. :\'):\-'1 1 7  

of i n terverrehral discs, ·IO(,-q 1 7 ,  407f-40Hf, 40\.!f 

anu lus (,broslis. 4 07-40\.> . ,.j 1 0. 4 1 01', 4 1  I r 

Glrtiiagin o[J, cnd plate, i 1 1 -4 1 '). 4 1 4f, 4 1  'if, 4 1M. 4 1 7f  

cl inical cOllsilkralions. 4 1 0-4 1 I 

fibrocarti lage, 40"r.  4 1 7. '.! I Rf 

glycosaminoglycans. ,Wl:lr. 4 1  I r .  4 I ')-4 1 7 .  4 l or 

n ucleus p u lposus, 4 I 1 -4 1 2  

prolt'uglyca ns, YNf. 'iOW, 4 1 5 , i l (,r  

o f  7 joints,  5<):S- 'i06 

aLlicu!ar capsule,  .�<)<)-400 

articlilar cartilage, :\\.>4-.W\,>, :,<)5f-:l<)7f, .WHr 

cartilage matrix . . WC,-:\<)7, .W<) 
col lage n .  :1<)(, 

collagen ,ynt hesis. ·iO:l (box), 40:1-405, 4041' 

connectin:: tissue. components of, 5<)l:lr. 402-406 

ground substance. :\')7, :\\.><) . . WW, 4(lOt, 40(, 

Jig:lmelHlIlll Aavulll. -i00 

synovial membrane. 400-40 I .  40 I [ 
synoviocyres, .W(,r. 4 0 1 -402 

Midlinc uural ( H offmann) l igamenr. �(i, I R9. 1 1:l9f, 20 I 

Mixed sl, in: L i  n<TVc. · 1 I 

formarion of, .:to, '12 

in l umbar region, 2 L ') 

Monoc),res, ·j02 

Monoplegia. 2')') 

,\-lotion;  see Hange of nlolion 
Mutor assessment,  2')4-2')6 

of lesions. 2')7 

Motor control ,  2H3- 2'):I 

Illll"ck [(Jnl' a nd. 2') 1- 2'):1 
neu r()n� <Ind, 28:i-2H') 

r"c"plOrs <Ind. 2H'}- 2R9 

spinal  rellexes, 21:l')-2') l .  2,)Of 

srrelch relkxes and,  2') 1 - 2')-\ 

Moror nnlrons, (,()-6 1 ,  2,}1:l. 527, :B Of 
alpha (skelerolTIotor efft:ren ts). (,0. <i 1 ,  252,  2')2['  2')4, 262, 275, 

21:l5, 2R4 , 2R5, 21:l6f, 2H9. 290, 290t, 2')5. 2') 4 - 295 

Ic . ..;ion asst'ssmenL 294 

assessmenr of. 2')4-296 

beta (skelerofusimotor efferents), 2 I:l "I , 2H7 

and comrol of skeletal muscle. 2H)-2R5 

gamma (fusimofllr effer"nrs). 60. 202 ,  275, 283, 2R<if, 2H7, 2H9, 

2')4 - 2')5 

dynamic and staric. 2H,) 
itsioll assessment.  29.:; 

lower, 2\.>4-2')') 

lesion :ls:-.cssmenL,  297 

lIpptT, 2<)5-2% 

lesion aSSt:SSIllt'n[, 297 

Motor sysrelll reeeprors, 2H5-289 

Mowr llilit. 2H4 
Mu cosal glands. innervat ion of, Y)'-) 
Mulrifidus muscles . H4 . H5C Ho, HM. 8Ht', l O :1r 

Mu1tiJidus muscles -cont'd 

atrachmcm [() articular capsuk. ,-)')') 

i n n e rvation of, 83,  H4 , 103r, 2 1 6  

l u m ba r  att;,ch me III , 1 ,)2r 

sacral ar�lchmenr. 224t ,  240f 

rhoracic atracil lllcn t .  I '}9t 

Mllscarinic feceprors, <i3. :\4:\ 

Muscles; see also specific rmtscles 
a n terior cervical venebrae and,  9 1 -'1'-), 921', 10·-11' 
of anterior neck, 1 4 ')l .  1 49- 1 50, 1 501', 1 50t, 1 5 f t  

anterolateral abdominal,  9'), 96f-97f, 91:l, I O S r  

I N DEX 431 

hack, 72. 7'-)-H7. 74 f-76f, 80f-H l f, !l3f-l:lo!, I O l t - I O,-)r;  see ({Iso 
Back muscles and speciJ'ic muscles 

cervical region arr�ch ments 

a x is,  1 2(,r 
occipur. 1 20t 

verrcbra prominens, 1 2<ir 

develop,nent of, 31:l4-,-)H5 

glureus rnaximus, \.>9f, 1 00. I Oor 

hamsrring, 9<)f, <)9- 1 00, l OS t  

i l i a c ,  <) 3 ,  ')4f, I 04t 

i n rerspin�les. <)Ot, 9 1 .  1 0 ] r  

inrel1ransvcrsarU, H8-89, 90f, I O.1t 

IeI'JI'or coslarum, H,) f, 9 1 ,  I 03 r  

piriformb, \.>91, 1 00.  I OGr 
recrus abdominis, ')<if-97f, 98-')'). lOSt 

reClus fe moriS. 99f. 1 00. 1 06t, 1 07 

of respiration ,  93-95, ')4f, 104l- 1 0')r 

suboccipiral ,  87-1:l8, 8Rf-R9f, I 03r 

summary of, t o  I r- I O(ir 
Muscle spindles, 2R5, 2R6f, 21:l7, 2RRf, 28') 

fibers of, 2R6f, 2R7 

loading, 2H7 

sensory end i ngs of, 287 

M uscle resr.ing, 25Ht 

Musculocutaneous nerve, 1 4R , 254 

Musculophre n ic artery. 1 7 2  

Myelography, 49 

compurer-assisred, 1 1 7 

(;1', 49 

merrizamide,  1 1 0- 1 1 7 

Ml't:loschisis, ')R5 

MyenteriC plexus o f  Auerbach, :)30, :)3  J ,  .�') I f 
MylohYOid m uscle, 1 50r 

M),ofibroblasts. '-)98r. 402 

Myotaric (strerch) ret1exes, 253,  258r, 2R9, 2<) 1 -2,)) . . �4 1 
phasic component,  2H9 

static component, 21:l9 

and walking, 293 

Myotomes, 1 7  

devdopmenl of, 1 7 ,  :)R2.  ')821' 

N 

Nasopharynx, 1 5  

Neck-tongue syndrome, 1 4 3  

Neospinorhal a mi c  rract, 26')-270, n l f, 284r 

and pain percepr.io n ,  362, :,>C,2f, 30,-)f 

Nephrorome, '\79 

Ne rve root canals, lumbar, 1 92-20') 

anatomy of. 1 95 - 1 9(, 

anomalies of, 1 96- 1 ')7 

clinical conJirions relared to, 1 9<)-200 

enrrance zone of, 1 9') 

clUrapmenr of, 1 ')5 

exir  zone of, 1 99 

L5 , 1 97r ,  202-20,-) 
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Nerv� !"Oot canals, l umbar-conr"d 

ohliquity a nd Ieng;th of. 1 9 5t 

p'lrapcdicular portion of.  1 9H, 1 9Ht 

pedicle zone of. 1 99 

rela t ionships of S J .  1 97 t  

rctmdisG\1 portion o f ,  1 9R. 1 9Rt 

terminology associated with. I Wlt. 1 98- 1 99 
NtTVt' roots 

conjoined. 197. 1 9Hf 

n:dund,mt, 1 90 (box), 1 90 - 1 9  I 

Nt:r"c�: see a/so specific lIenles 
o f  c(:),vical region, 1 40 - 1 4 9 

of IU l11 har regio n ,  2 1  '; - 2 I H  

peripheraL 2 ';  1 - 2';H: see also Peripheral nervous system 

oj' sacroiliac joi nt,  2:12 

of SJC ru m  and coccyx, 24:1 

of thoracic region , 1 69- 1 7 2 . 1 70f. 1 7 1 f  

intercostaL 1 7  I f, 1 7 2 

s plan ch n ic, 1 7'; - 1 7(, 
s\!1l pathetic ch'l i n ,  1 7'; 

";!gus, 1 74e 1 7') 
Ncural arches. I H  

developmeot of. :lH'; -:lH6, :18M 

Nt'ural branch, 4 1  

Neural erest, I Cl. :\ 7H, :179, :l 79f 

ce l ls of. ,177 
Nel lr,,1 tuhe 

l'l' lh of. :177 

development of. 1 7 . I H. :177 . :179. :\79f. :\R l f. :lH2-3H:I 

Nellr<J:Lnatolny 

oj' a u tonomic nervous system, :104 - :1 5 2 :  see a/so specific dillisions 
enteric division, 3 27-:13 1 

I);lrasym l)atbctic division.  :\ 2 2 - .127 

"ym pa thetic d ivis ion . :107- :\2 2  

o(' spinal  cord, 2 ') 1 - :\01 

c l i n i u l  concerns, 2'):1 - :10 I 

dorsal roO! ent.), zon<:, 262 -2(,4 . 26:\( 

gr'.)' matter. 2';H-262.  2';')1': see also Gray matter 

internal orga nization, 2,)H- 2S:\ 

and lesion assessment. 29(,-:\00 

locomotion and. 29:\ 

anu fl1otor assessnlent,  29-1 - 296 

mo[[)r control, 28:1 - 29:1 : see also Motor neu rons 

ptTipheral ne rvous system, 2 5 1 -258 

and senMlry assessment. 296 

wl1 i t c  ma tter, 2('4 -2R5,  265f; see ({Iso W h i te matter 

Ncurohlasts. :179 - 58 I 

Neurocen t ral  carti lage , IH 

Neurocentral synchon drosis. 1 8  

Neuroectoderm:1i cel ls, 579 

Ncurogli:t. 60 
:"it'uromuscul'lr spindles,  25:\ 

Neurons, (,0-(, I 
first-order, 2(,·} , 2(,';,  266f, 269 

of gray 'l1a tttT, 60-6 1 .  258 

sec()nd-order, 2(,4.  2(,M. 2(,9 

thi rd-order, 26-4, 26M, 2(,9 

Neurllpeptidcs, 2 M ,  ::\4::\-544 

Neuropcptide Y .  Yi4 

Neuro p i l ,  GO 

Neurosyph i l h .  296 

NeltrOlenLiinous sp indles . 2'; :\-2';4 ;  seC' a/so Go igi tendon organs 
Neurotransmitten; .  6.::1 .  264. :1 2:-\ - ::\ 24 

acctykhol ine :\ i 1  
o e l1fopept ides, :14') 

norepinepl1rine . . ::14'), :l46r 

Ncurotransmitters- cont'd 

pharmaCOlogic concerns. 545-54(, 

Neutrophi ls .  402 

Nicotine, 3 4 5  

N icotinic receptors, :14') 

Noc icep t iol1 , 34 1 -5 4 2 ;  see also Pain 

Nociceptors, 2 5 2 .  254 

cutaneous, 2 5 3  

mechanical,  2 ') 3  
p o l y  modal, 2';3 

thermal ,  2 5 3  

visceral ,  .3.17-:1 :18, :l3Rf 

Noradrenal ine; see Norepinephrine 

Norepi nephrine. 345. 3461'. 364 

Notochorda l cells, :I '; .  4 1 0 

Notochords 

developmem of. 17, :l7H-:179. :lilOr, 5H I f . . -\82l'. ::18:11. :ISM, :lS7 

and nucleus pulposus formation, ::\78. 4 1 2  

f\'P: see l"uc le us pul posus 
NTS; seC' Nucleus of the tractus solitarius 

N uclei, (,4 

Nucleus ambiguus, 3 24 

Nucleus dorsalis, 27:'>, 2 7·cj t  

Nucl eus of the trac tus soUta riLls, ::14 '; ,  5 4 '; 1' 

Nucleus proprius (la minae I I I  and IV). 260 

Nucleus plliposus of [VDs . . ::1 2 .  :I:If . .-\4 t ,  54-:16. 40-1 

aging of, 404 
carti laginous end p l'Ht: an d ,  4 1 2  

development of. .::1 5 ,  37H, 4 1 2  

hydr:ttion of, y, 
microscopic anatomy of. '1 1 1 -4 1 2  

notochords and. :::178, 4 1 2  

PGs of, 4 1  (,t 

protrllSion and h e rniat ion of, )(, 

N ucleus raphe magnus, :164 . .-)6 ,) f 

o 

Obliquus capitis in ferior m uscle. 87 . 88f-89f. 'lOf. I O .'>t. 1 2:1 

Obliquus capitis superill1' m uscle. 87-H8. RHf-H9f. 90l, I 05 t .  1 2 .'> 

Obliqttus externus abdominis  Ill uscle, :\H4 

Obturator artery. 24') 

Obturator nerv<:. 1 9 31', 2 1 8 , 254. 2,),)( 25(,(. 2';7 

OCCip ita l Jrtery. 1 52 1', 1 '; :1 

Occipit:·. l bone, 1 1 8- 1 20 .  1 1 91' 
motio11 01', I .'>(,t. I :I(,- I .'>7. / 57t 

Occipital condyles. 1 1 9f. 1 20 

Occipital nerve, 25M 

greater, 7,)f, 1 42 

lesser, 1 2 ,  1 2f, 1 46, 1 461' 

third. 1 4 2  

OCCipital protuberance. internal.  1 1 9 f  

Oculomotor nerve (eN I I I) ,  :10M. :\2:\. :\2C>f- :\27f. :\ :1 '>  

Odonto id 1) 1'()cess of axis. 5 ,) f, 1 20 , J 2 2 ,  1 2:1 , 1 24f. 1 2,) .  UHf' 

apical  l igamem of. 1 :\2, U 3 f  
Omohyoid Ill uscle. 1 4 9 t .  l 'iO f  

On ut's nuckus, .-):\5 

Opiate (opioid) receptors , (,:1. :162 

Oropharynx, 1 4 

Ossification Centers 

primary. 18 

secondary. I H  

closure of, 2 1  

developmem of, :IS'; 

Osteit is condensans i l i i .  2:\7 

Osteoblasts. 398t, 402 

Osteocytes. 402 



Osteopil)'tcs 

in  cervical Z joinrs.  I 1 :\ 
in lum ba r nerve root cana],;,  I ')') 
in l um ba r Z joinrs.  [HM. I H() - I H7 

in thoracic Z joint s ,  1 741' 

Ostcopbl'tosis, sacroiI;,IC, 2.'>7 

Osteoporosis. 2 l  
Osteosclerosis, :"\:u.:foiliac, 257 

Ovarian ,mery. 2 1 8 

p 

Pac hymen inx; see OLlr�1 mater 
Pacini,m corp usc les, 25 1 ,  2')2, 2'5.'>, 2(jO. 264 ,  3:3') 

Pagel'S u iscasc. 1 90 

Pa i n 

back; see Hack pain 

case studv exa l11plt', 3 '; 5-:17 1 

of u iscogra phy.  54 

gate control theory of. .'1(,4 
perception of. .-) 5 S - 3 5() 

central transrl1bsion, :\6 l- .364 
n"mp i nothalamic tract a n d ,  .,>62,  562f, .-)6.-)1' 

pain generator development ancl . . '170 

paleo,pinothalamic tract and . .-)62, 56:)]', .'l()4 

segmental control of. :1M . . :l6')f 

spi noreticular tracl and, 5(,2, Y>.:If. :\64 
supraspinal control of. .:164 , .'>6')f, :\66 

rau icular,  .'>H, 3C)() (box),  5()7f. 3C)Hf 

distingu ishing features of, Y)9. '-)()9 (box) 

mechanism ot·, .,>(,flo .:169 (box) 

somat ic I 'S., .-)()C)-:l7() 

referral of. .'>4 1 - :'>-i2 

convergencc::-projcction theory of, Yi I 

somatic, 3 1  I ,  3 '; '; - 5 5 9 ,  .1';71' 
a n t<::rior primary divisions and,  .,> ';6-.-) ';7 

cervica l perception . :I')') 

dorsa l root ga ng l ia and, .'> 59 

posterior prima r,' u i v isions and, 5 SH 
rad icular I'S., 5('()- :\ 70 
recurrent men i ngea l nCr>'e and, 3 � H  

sym pathetic nervous s)'stem and,  .'>�H- 3,)9 . :1 5 9  (hox) 

thotacic perception, .-)')<) 
Pain memory , .V)O 

Pait:ospinorilal:l m ic tract ,  2(,') - 270. 17 1 f. 2H4t 

and pain perce ption . . )62. :1(,.-)( 364 

Pancreas. I � 

Pa pil  it:ciL 111 a , ';9 

Paracenmr l lobule, 267 [', 2(),), 270t'. 27 1 r 
Paraplegia, 2<)S 

Parasympathetic nervous system 

anatomy of. .'>2 2 -:'27 . .  '>261'-.-)2')f 

of 1)laddc:r, 3 .:I � - :\57,  .-»)(il 

c,."nial  ponion, .'>25-.'>26 
functions 0(, .:\071' 

of head, '-) 34 -.:\5S 

of heart,  5 .'» 
lumh"r, 2 I H  
o f  l ung, 55,-) 

pelvic, 243 

sacral portion. 550.  32'>f 

of sexual  organs. :1.:17-,:1,:1'), .'>-'H f 

trachel!, 1 7') 

visceral a fferents, :\ 5':J- .'>-i(). � 3':J 

Parathyroid gla nd . ..; , 1 ;5 

ParavtTtehral ganglia; see Sympathetic trunk 

Paraxial mesoderm, .:177 

Parestbesia. 29() ,  2,)ilf 
Parietal peritoneulll. 2 2·i t  

Pars interarricu l'Lris,  1 1'7 
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spondylolysis an d spondylolisthesis of, 20:l-20..i.  204[' 

Patrick-Faber tcst, 2Y) 

Pectoralis major Ill uscle, I l f. I C) I t 

innervation of, I ·i8 

Pectoralis minor muscle. 1 6 1 ,  1 6 1 t  

Pectoral nerve, medial ,  1 4 8 

Ped ic les, 2 2 ,  221' 

of axis.  1 2 5 

cervical. I I I ,  I I I f  

l umb'lt'. 1 7':Jf, I HO - I S I ,  I SHf. 20ur 

sacral, 224 

thoracic, 1 5H 

Pelvic autonomic nerves, 24.'> 
Pe lvic curve (kyphosis), I ') ,  I ,)f 

Pel vic diapil raglll , developm en t uf, .'>H5 

Pelvic ring. 227 

Pelvic spla nc h n i c  nerves, 335 

Pelvic s),lllpathetic t runk,  :l 1 7 f, '> 20, 3 2 2 ,  .:1 2 2 1' 

Pen i le innen'atio n .  :135-3.:17,  '-) 3M 

I'eriaqued ucta l gray m a tter . .-)62 

of m id brain ,  273 

Periosteal arteries, I HO 

Peripheral nervous s)'stem (PNS),  I H. 5 .'> - '; .. L 25 1 - 25H 

a fferent and effererlt fibers,  252, 25 2t 

i n n ervation of effectors, 3 3 3 - :B4 

ncrv<::s, 254-258 

receptors, 25 1 - 2 5 4  

Peripheral process, '5 4 ,  ,)Hf, 2 ') 2  

Periphera l receptors, 2 5 1 - 2 ')4 

cutaneous, 2 5 2 - 2 5 3 ,  2') 5f-2')()f 

of' DC-ML, 26'5. 2()R-269 

interoc<::prors, 254 

proprioceptors, 2').'>-2'54 

Peroneal nerve 

common, 2 5 4 .  2S7 

d<::ep, 2,,)7 

superficial ,  2'57 

Petrosal nerve, 5 2 5  

PC:  see Proteog lyca n  

Pharyngeal branch of vagus nerve, l i H  

Pharyngeal in ne rva t io n , 1 49 

Pharyngeal nerve, ascendi.ng , 1 5.-) 

Pharyngeal tubercle, 1 1 9f, 1 20 

Pheny.lephrine, :> 4 5  

Phillipson's reflex, 289 

Phrenic artery, in ferior, 2 1 R  
Phrenic nerve, 104t, 1 46, 1 47f, I·.H 

Pi a-glia , 57 

Pia ma ter , 4 0 ,  4 1  f 

development of, .'>8:\-.-)H4 

Pi loGu-pine, 345 
Pilomotor libers, 5 3 1 

Pi riformis muscle, 99f, JOO.  I O(,t ,  2 24 t  

Piriformis syndrome, 100 

Plantar nerve, 111<::d ia l ,  2')61'. 2 5 7  

P l a n t a r  rdlex, 2,),) 

Plasma cells. 402 

Pleural cavity. 1 4  

Pleurapophysb, 2 .-)  

Pneumoencepha lography, 5 9  

PolYlllodal nociceptors, 2 ') 3 

Pons. 267f, nor, 27 l f, 272f, n 4 f. 277f. 2H I f. 2H2t 

Pontine re['icuiar formation, 280, 2H I.f, 2H5t 
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Poplitcal ncrve, 320 

Porral yel l' ,  2 1 S- 2 1 9  

Postcentral gyrus , 2(,7f, 2(,9, 270L 27 1 f 

Posterior arc h ;  see Vertebral a rch 

l'osrerior atla nto-occipital mem brane , 1 29f, 1 29- 1.:\0 

Posterior a u ricular artery, 1 53 

Posrerior belChial  c u raneous nerve, 255f, 25M 

Posrerior extcrnal vcnous plexus, 70f 

Posterior femoral cut aneous nerve, 2 56f 
Posterior inferior i l iac spine (PI IS) ,  228, 2 3 :) f  

Posterior longirudinal l iga menr 

cervical, I 10, UOf, 1 34 

l umbar, I S<)f, 205- 20(" 206f 

sacra l ,  224t 

thoracic, 1 5St, 1 64 

Posterior ponticle, 1 22 

Posterior primary divisions (PPDs; dorsal ra m i) ,  2 5 4 ,  256f, 356, 357f 

cervical, 1 1 2 ,  1 4 1 1, 1 4 1 - 1 43 

fo rmation of, 40, 5 4  

innervat ing b a c k  muscles, I O l t- !O(,t 
lumbar, 1 95f, 209 , 2 1 6, 2 1 6  (box), 2 1 7f 

and muscle development, :\S4, :)85 

sacra l ,  225- 226, 232 

and somatic pain,  y;s,  :),;9 

structures innervated by , :\58 (box) 

t horacic. I ()9- I 72, 17 I r 
PosteLior rad icu lar a rtnies, 67f, 6Sf, 68-(,9, 69, 70f 

Posterior sacroi l iac ligaments, 229,  23 I ,  237f, 238f 

Posterior spinal a rtery , 67L (,9 

Posterior superior i l iac spines (PSISs), 4 ,  7f, 2:\Of, 2 3 l f, 233f 

Posterior tubercles, 1 20 ,  1 2 1  f ,  1 2 2 ,  1 26, 15  I t 

Posterolateral spinal vei n ,  70f 

Posteromedian spinal vein,  70f 

Postga nglionic neuroblast" 3S 1 

I'ostga ngl ionic sympathetic fibers, 3 1 1  f- :\ 1 2f, :\ I 3, 3 1 4 C see also 

Sympath e t ic nervous system 

cutaneOLlS, :\:\ I 

Postga nglion ic sy mpathetic neL lrons, :IOM, 308-:\09; see also 

Ali tonoinic nervOllS systenl 

eutaneOLlS, 33 I 

developme nt of, :\8 1 

PPDs; see Posterior primary d i visions 

Preganglionic autooomic fibers; see also Autonom ic nervous svstem 

origin of, :\40t 
thoracic, 1 7 5  

PreganglioniC neuroblasts, 380-3S I 

Preganglionic sympathetic fibers, 309, :i l l f-3 1 2f, 3 1 3 ,  3 1 4f; see also 

Sympathetic nervous system 

Pregangl ionic sympathetic neurons, .'06f, 307-308, 308f 

development of, 3S0-38 1 

t horacic, 1 7 5  

Premotor arca, 27� 

Preverrebral gangl ion, 3 1 2 1', 3 34f 

PrimaL), motor arGL, 275 

Primary ossiJica tion centers, 1 8, 386f 

develop ment of, 385, 38M 

Primi tive streak, 37S, 3S0[, 

Procollagen molecules, 404 

Proline, 403, 404 

Propranolol, 3 4 5  

Propr ioceptors , 252 ,  2 5 .' - 2 5'� ,  264 

Propriospinal neurons, 60, 62, 2 5 8  

Prosrate, :1:'>6[' 

Prostatic plexus, 3 36I' 

Proteoglycan aggrega tes, 4 1 5  

Protcoglycan-hyaluronic acid (PG-HA), .'>97 

Proteoglycan monomers, 397, 3991', 4 ()9f. " 1 5 

Proteoglycan of IVDs, 32 ,  3991', 40(" 409f, 4 1 5 ,  4 1 (,t 

anulus fibrosLls, 40S, 4 I () 

Pse udou n ipoJa r neurons, 2 5 1 ,  262 

Psoas major muscle, 93,  94 f, 1 04t 

i n nervation of, 2 1 7  

lumbar attachment, 1 8 1 t,  200, 20 I 

sacral attachment, 224, 224t 

thoracic attachment, 1 58t 

Psoas m i nor muscle, 93, 94 f, I 04 t  

thoracic attachment, 1 58t 

Pterygopalatine ganglion, .'OM, 324 , 333 

Ptosis, 333 
Pubic crest,  9 ,  I I  

Pubic symphysis, 9, 1 5 ,  98, 24 2 

Pubococcygeus muscle, 22(,t 

Pudendal artery, internal ,  245 

Pudendal  nerve, 24:\,  :\ 20, 3:\4(, :\ 3 5 ,  :\:\61' 

Pulmonary arteries, 1 4  

Pulmonary plexus, 3 2 2  

Pul monary veins, 1 4  

Pyra mid, 277f, 278 

Pyramidal  decussation, 277f 

Pyramidalis m uscle, i n nervation of, 2 1 7  

Q 
Quadratus lumborum muscle, 93, 941', I 04 t  

innervation of, 2 1 7 

lumba r  attachment, 1 8 1 t  

Quadriceps femoris muscle, I O( )  

i n nervation of, 2 1  S 

Quadriplegia, 295 

R 

Rad ia l  nerve, 1 4 7f, 1 48, 254,  2 5 5 f, 25M 

Radiate l igament, 1 7 1  f 

Radicular arteries, 67[' 

anterior, 66-68, 67[, 68f, 69 

posterior, 67f. 68f, 68-69, 69, 70f 

Radicular pain, 38, 366 (box), 3671, 368f 

cervica l ,  1 1 5 

distinguishing features of, 369, 369 (box) 

mechanism or, 36S , 369 (box) 

somatic pain (Is., :'i('6-370 

Rad icular vein, anterior, 70t', 7 1  
Range of motion 

cervica l ,  1 :\6- 1 37 

lumbar, 2 1 3 - 2 1 4  

of sacroiliac joint, 2 27, 2 34 -2 .'>6 , 24 I f  

thoracic, 1 6S 

Raphespinal tract, 265f, 283,  2S5t, :\64 

Rayna ud's  llisease, 348 

Rectal  a rteL)" middle,  245 

Rectal  vein,  inferior, 245 
Rectus abdom inis muscle,  96f-97f, 98-99, I 05 r  

Rectus cap itis "nrerior muscle, 92 , 92f, !04t ,  1 20 

Rectus capitis lateralis m uscle, 92f, 9 3 ,  I 04 t ,  1 23 

Rectus capitis posterior major muscle, 87, Silf-89f, 90f, ! 03t 

Rectus capitis posterior minor muscle, 87, S8f-89[' 90f, I O.'t 

Rectus femoris muscle. 99f. 100, 1 06t, 1 07 

Recurrent (feedback) inh ibition, 289 

Recurrent meningeal nerve; see Meningeal nerve, recurrenr 

Refe LTed pain 

cervical,  I I  � - I I  (i 
lumbar, 2 0 2  

somatic, 359-36 1 ,  360f-.:\6 / f, :\6 1 (box) 



Rdlexes 

autonomic. 342-34') 

somatosomatic, :H2 

somatovisceral, :\4 3-:�44 . .  �44 1'-34 5f 

viscerosomatic, 342 

viscerovisceral, :'14 3  

spinal , 289-29 1 

stretch, 2')3, 258t, 289, 29 1 -293, 34 1 

Rene,.; movements , 275 

Renal 'Irh::IY, 2 1 8  

ltenal veins, 2 1 9  

Rensh'lw eel". 02, 289, 290f 

Reserpine , 34'5 

Respiratory rnLiscles, 9.'>-95.  94[, 104t- I05t 

Respiratory system .  1 4  

Rt'ST; see Reticulospinal tracts 

Reticular fihers, 40(h 

Ret;'; l.I lospinal tracts , 2KO, 28 1 f. 285t, 295 

lateral (medulla ry) , 280, 28 Lf, 28')t 

lesion assessment. 295 

medial  (pollline), 205f', 280, 28 L f, 2851 

Rhomhoid major Illuscle , 74f, 75f, 76, 10 I t  

development of. 38') 

innervation of, LO L t 

thoracic attachment. J 59l, l o l l  

Rhomhoicl minor muscle, 75,  7')f, 7 0 .  10 I t  

clevelopmcnt of, 385 

innervation of, J O l t  

thoracic attachment, 1 ')9t, L o H  

Rihs 

atypical .  1 03 

motion of, 168 

typical, 16 L f- L62f, 1 6 1 t , L 6 1 - L 63 

Ring apophyses, 1 8  

RMN; sef! Men ingeaL nerve, recurrent 

Rostral spinocerebellar tract, 274 

Rotation 

factors l imiting, 28, 32t 

with lateral nexion. 28-29, 3 1 1' 

cervical. 1 3 7  

lumhar, 1 82 

ot ribs, 1 68 

Rotatores muscles, 86-87, 87f, \03t, 2 1 7f 

innelvation of, I03t 

thor'lcic at.tachmenr, 1 59t 

Ruhrospinal tract. 280, 28Zf. 2H3, 285t 

lesion assessment, 295 

Ruffini endings, 252, 2'i:\ 

S 

Sacral ala, 22:\f, 224 

Sacral anery, 224t. 23 1 

lateral, 66. 245, 387 

median, 2 lR, 245. 387 

Sacral auricular surface, 228-23 1 

Sacra l  hase, 224 

Sacral can;� I .  225 

fractures involving, 227 

Sacral cornu, 224f, 226, 226t, 23 L f, 232f 

Sacral crest, 2231', 224f, 23 l f. 232f, 2:\6f 

Sacral foramen, 22:\f, 232f 

Sacral fossa, 223f. 23Of, 2.)2f, 235f 

Sacral groove , 228t, 2:\')f 

Sacral hiatus, 223f, 23 1 f. 232f 

SacraliZ<ltion, 205 

Sacral ky phosis , 8 

Sacral notch, 223f 

Sacral ple x"Us, 232,  243, 243f, 244f 

Sacral promontolY, 23Of, 243f 

Sacral tuberoSity, 255f 

Sacral vein, 2 3 1  

Sacrococcygeal Joint, 2 2 6 ,  226t 

Sacroiliac joint, 227-24 1 

arterial supply of, 2 3 1 ,  244f 

articular capsule, 228, 236f 

clinical concerns, 236- 24 I 

evaluation and treatment, 238-24 1 

development of, 228t, 233-234 , 255f, 387 

disorders of, 236- 238, 24 1t  

general considerations, 227- 228 

innervation of, 2 3 2  

ligaments of, 2 27 - 2 3 1 ,  236f-240f 

microscopiC anatomy of, 232-233 

motion of, 227, 234-236, 24 lf 

structure of, 228- 2 3 1 ,  232f, 233f, 234f, 23')f 

"tongue and groove" relationships of, 228t 

unique characteristics of, 227- 228 

venous drainage of, 2 3 1 ,  244f 

Sacroiliac joint (51)) syndrome, 236-238, 24 l t  

evaluation and treatment of, 238-24 1 

Sacroiliac ligam ents 

accessory, 229, 2.�7f 

anterior, 229, 237f, 243f 

interosseous, 228-229,  236f-240f 

posterior, 229, 2 3 1 ,  237f, 238f 

SacrospinaliS mllscle ; see Erector spinae muscles 

Sacrospinolls ligament, 1 93f, 2 3 1 ,  237f 

Sacrotuberous ligament, 1 93f, 229, 237f 

Sacrulll, 222-227,  223f, 224f  

attachments and rela tionships to, 224t  

characteristics of, 65 -66 

clinicaL concerns, 226-227 

dorsal surface of, 223f, 225-226 

fractures of, 226-227 

Lntcrvertehral foramina of, 225 

lateral surface of, 224 -225 

male us. female , 226 

morphology of, 54, 55 

nerves and vessels associated with, 243-245 

ossification of, 222 

ventral surface of, 223f, 224t,  225 ,  243f, 244f 

Salivary glands, innervation of, 333 

Saphenous nelve, 256f, 257 

Scalene muscles, 1 J 2, 1 49 ,  15 J t  

development of, 385 

in nervation of, 1 5 l t  

thoracic attachmenl, 1 6 1  

Scalenus medius mllscle, l 23 

Scapula, 73,  l 6 l ,  16 1 t  

development of, 385 

SchmorJ's nodes, 30, :\6, 4 1 4 - 4 1 5 ,  4 1 6f, 4 1 7f 

dorsolumbar kyphoses and, 4 l  ') 

Sciatica, 39 ,  45  

Sciatic nerve, 100,  J 05t ,  1 9 5f, 24:\, 254,  257 

Sclerotomes, 1 7 ,  30, 386f 

development of, 384 

SCM; see Sternocleidomastoid muscle 

SCOliosiS, 1 8  

thoracic, 1 68- l 69,  1 6<)f 

Secondary ossification centers , 18 ,  386f 

closure of, 2 1  
development of, 385, 386f 
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Second-order neurons, 264 , 26M, 269 

and anterolateral system, 269-270 

Segmental spinal a rteries, 4 1 , 66 

deve lopmen t  of, :'>H7 

Segmcntal veins, developmenl of, :,>89 

Semimembranous muscle, 991', L OO ,  I 05 t  

innervation of, 257 

Seminal vesicle, 5361' 

Semispinal is  llluscLes, 80f, H:\f, 8:\-84 , 84 f-86f, I 0 2 t  

ca p itis , 7if, H:\-H4 , H4f, H6f, 8Hf, 1 O:l t  

innervation o f ,  1 4 2 ,  1 4 :\  

ecrviLis, H.:'> , HM, 1 03 1 , 1 59t 

i n nervarion of, 1 4 :\ 

i n nervation or, H:\, H4 , I 021- 1 O:\ t  

thor;]cis, H:\, H3f, H'5f, 1 02t,  1 ,)9t 

Semitendinosus muscle , 99[, 1 00,  1 05 t 

innervation of, 257 

Sensol), assessment . 296 

of lesions, 297 

Scnsory hOOlunculus, :162 

SensOl), neurons, 5 27, 550f 

Seroto n i n ,  (':\ 

S<..:rratu� a n(crior nlll!')c l e 

deve lopment of, :lH5 

t horacic attachment, 1 6 l t  

SelTalus posterior m uscle; 
ckvelopment of, .:lH4 

i n ferior, 75f, 77. 7Hf, 79[, I O l t  

i n nervation of, I O lt 

superior, 77. 7HI, 79f, 1 0 1  t 

i n nerva tion of, I O l t  

Sexual organs 

dysfunction from spinal injurics, 350 

i n nervation of, :\ 37-Y,9, 3:18f 

SigmOid colon, L 5 

S I) ;  seC! Sacroiliac jo i nt 

S i n u vertebra l n e rve of Von l .usehka ; see MeningeaL nerve, recurrent 

Skclt:tal muscle 

bLood vesse ls supplying, :1 3 1 -3,) 2  

development of, 3H4 

Skele1o lllotor effe ren ts ; see A lpha mowr neurons 

Small  i n tesl i ne , 1 5  

Somatic pai n ,  :140,  355- :\59, 3571 
anterior prima l)' divisions and,  356-357 

cervicaL perception, 359 

posterior prima l)' divisions a nd , 357 

rad icular  pain liS., 566-370 

recurrent meningeaL nerve and, 358 

referred, :\ 59-36 L ,  :l60f-36 ) [, :\6 L (box) 

sympathetic ne rvous system and, :'>58- 3 59, 3 59 (box) 

tiloracic perception , 3 5 9  

Somatopleure. :\79 

Sol1tatosomatic reflexes, 54 2 

Somatostatin, 264 , 344 

Somarovisceral retlexes, 343-344,  344f- 3 4 5f 

Som ites , L 7, 37H, 579 

ami ckve]opmem of back musclcs, ,�84 , 384 1' 
S past ic ity , 29 I 

S past ic paralYSis, 295 

S ph incte r ani extern us, 2 26t 

Spina hi/ida, l H ,  3H 

Lleve lopmen t  of. :\87 

Spinal  anesthesia,  (,0 

Spinal  arteries, 66, (;7f, 6Hf 

dcvelo pment of, 5H9 

segmenta l ,  -4 L ,  (,(, 

Spinal arteries-cont'd 

segmental-cont'd 

development of, 'IH7 

SpinaL artery 

an teri or, (,(' , (;7f, (,9 
synd rome ,  7 L 

posterior, 67[, 69 
Sp i na l ca na l ;  see Vertebral canal 

Spinal  cord 

anawmy of, 52-7 1 ; sC!e also specific comjJonents 

overview of, 52-54,  5:\f-')71 

arterial. blood sup p l y of, 66-7 I , (,7f, (,Hf 

development of, 373-:\88; see also Sp i na l devdopmc nt 

dorsal rOot entry zone of, 262-264, 263f 

external morphology of, 54-55 

gray matter of, 258-2(,2, 2591'; see "Iso Gray matter 

i nj uries w ,  349-352 

autonomic dysretlexia, 352 

and bladder function, 3 5  L 

and bowel function, 35 L 

COllUS medullari s  syndrome, 352 

a nd sexu a l  fu nc tion , 5 5  L -352 

S110ck, 350-3 5 1  

imernal organ ization of, 60-66, 25H-2H:\ 

locomotion and, 29:\ 

meninges, 56-00, 6 1 f-63f 

neuroanatomy of, 2 5 1 - 30 L ;  sC!e also Neuroa natomy , of spinal cord 

clinical concerns, 295-30 I 

internal organization, 258-283 

motor control. 283-29:'>; see also Motor neurons 

peripheral nervous system, 25 L -2,)H 

numberi ng of segments, 54 

regional characteristics of, (,.5-60 

trauma to, inciLlence of, 294 

venous d rai nage of, 70f, 71 
white matter of, 264-2H3, 2651; see alS{) White matter 

Sp i na l  cord levels, vertebral levels I'S . .  H 

SpinaL cord tr;m section, 297 

Spina l cllrves, L 9-20; see also Kyphoses; Lordoses 

Spinal development, L 7 - L 9, 575-390 

arteries of back, .'\H7-389 

autonomie nervous system ,  379-3HO 

blastocyst, :\75-378, 376f, :l77f, 379f 

dorsa l root, :lH2-3H4, :l88f 

hem ivertebrae, 386-587 

i ntervertebral dises, ::187, 3HHf 

m e ninges, 38:\-384 

neural tube, 379, 38 l f  

notochord, :\78- 379, ;)80[, 3H l f, 382f, :'>H:'>f, :\H7 

sacroiliac joints, 3H7 

sclerotome, :l85- ;)H7 

somites and back m usc les , :\H4 

spina bifida, 387 

spinal ligaments, 3H7 

veins of back, 3H9- 390 

ventral root, 382-384 , ;)HHf 
vertebrae, 385-3H6, 386[ 

Z joints, :\87 

Spi n a l  epidu ral hematoma, 40 

Spinalis muscles, 7Hf, 79f, H2, HV, L 02t 

capitis, 78f, 79f, 82, l O2t 

ce.-vicis, 78f, 79f, 82, L 0 2 t  

ilmervation of, 82, L 0 2 t  

lhoracis, 78f, 79f, 82, H3f, 1 02t, 1 921 

SpinaL ligaments; set! aL<o specific lip,mnt!nts 

developmen t of, :187 



Spinal movement, 2H-2'), -lOt'; see also specific InOI'ements 
structures l i miting, 2H, :l2t 

Spina l ncrVl'S, 'iHf 
and IYDs,  37, 3Ht 
l umbar, 200, 2 1 ')  

Spinal reflexes, 2H')-2,) I 

Spinal  shock, 2')7, 35 1 

Spinal trigemi na l  nucleus,  260, 26 I f  
Sp i Iloce rebel iar  tracts, 27:\ - 27'1 , 2741 

dorsal ( OSCO, 27-1, 274f 

ventral (VSCT) , 273-274 , 274f, 27'i 

Spi nocervicotha lamic tTact, 273 
Sp iIlol1leseIlcephalic tract, 2(,'), 27 1 ,  272f, 273,  27'), 284t, 366 
Spino-olivary tract, 26,)f, 27'),  2H·4t 

Sp i nnretic u la r  tract, 270-27 1 ,  272f, 27'i. 284t, :'d,) 
ami pain perception , 362, 36:'>f, :\M 

Spinotectal traer, 26'), 27 1 ,  272f, 273,  2R4t 

Spinothalamic tract, 26'), 272f, 27'5, 2H4t, 2')Hf, 33'), 37') 

and pa i n referra l ,  :\ :\')-340 

Spinous processes, 4 ,  '5 ,  'if', W, 22f, 2 :1  

cervicaL 'i ,  1 1 7 
of atlas, 1 2 1  f, 1 2 :\ 

of axis, 1 2(J, 1 26r 

pf verte hra prominens, 1 26, 1 2M, 1 26t 
function of, 24 
lumhar,  H, 1 79f, 1 ')2  

attachments to ,  1 92t 

sacroi liac, 240f 
thoracic,  6, 7 ,  1 'i,), I ')')t 

atrachments to, 1 59t 

Spinous tubercle, lumb,u', H 

Spinovestibular tract, 2H·4t 
Spi novisual reflexes, 273 

Splanchnic nerves, 1 75 - 1 76, 3 1 7f, ,'I I R ,  :\ 20, :'>221', 323f 

deve lopment of, 38 1 
fo ul1 h ,  :120 
greater, l 7Ot, 3 1 H ,  322t, '\2.-If 

lesser, :) I H ,  32:1f 

pelvic, :1:-15 
th i rd , -I I H, :120 

Splanchnopleure, ,-17') 

Spleen, 1 3f 

Sp leniC f'lexure, 1 '5  

Splenius musc les 
capitis,  74f, 7,)f, 76, 7M, 7Hf, HOf-R I f, HHf, 10 I t, :lH4 

umervalion of. 10 I t, 1 4 2  

cervicis,  7 6 ,  7Hf, HOf-8 1 t, I O l t ,  1 1 2 ,  1 2:'> ,  3H4 
i n nervation of, I O l t  

development of, :-IH4 
SponLlyloarrhrosis, degenerative, 1 92 

Spondylolisthesis 
degenerative, I H(" IH7 

in 1 .5, 1 87 , 20:1-204, 204f 
Spondylolys is , I H7 

bilatera l ,  I H7 ,  20:\ 

in L5, 20:-1 - 204 , 204f 
Steele's rules of th i rds , 1 2 3 

Stellate (cervicothoracic) gang l ion, 1 2 , 1 2f, 1 4 4 ,  :'> 1 4 , :\ 1 5f, :-I 2 I f  
Stepping, swing phase of, 29:1 

Stereognosis, 2'i3 

Sternal angle of Louis, ,) , I l f 

Sternehrae, 1(,:'1 

Sternoclavicular joint ,  1 6:'1 

Sternocleidomastoid muscle, 5, 61', 1 2 , 1 2f, R8f, 1 4')t, 150,  1 50f, 1 6 1  t 
innervat ion of, 1 49t 

Sternocostal joints, 1 (,7 - 16H 

Sternohyoid musck , 1 49t, 1 50f, 1 5 2f, 1 6 1  t 
Sternothyroid muscle,  1 4')t, l 'iOf, 1 6 1  t 

Stern u m ,  1. 6:-1 

Stomach, 1 5  
visceral afferents of, :\37-33H, :'>3Hf 

Straight back synd rome , 1 56 

I N D EX 437 

Stretch (myotatic) reflexes, 25:1, 2,)8t, 28'), 2,) 1 - 2'):-1, :14 1 

phasic component, 28') 
static component, 2H9 

and walk i ng, 293 

S tumbl.i ng corrective reaction, 29.:1 

S ty lohyoid muscle, I '5 2 f  
Styloid process of temporal bone, 61' 
S u barachnoid space, 56, 631' 

l u mbar, 1 87 - 1 88 

Subclavian arteries, 1 4 , 66, 1 47 f, I 'l l ,  1 53 , 1 6:-1 , 1 7 .-1 
development of, ,'\H7 
in thoracic cage, 1 60- 1 6 1  

Subclavian vei n ,  160, 1 6:1 

Subclavius muscle, innervation of, 1 4 8  

S uhcosta l  muscles, 9 '5 ,  97f, l O '5 t  
development of, 384 

Suhcostal nerve, 2 1 7 

Subcostal vei n ,  development of, 3R') 
Subdenral synchondros is , ,) 5 f  

SubdlU'al space , 5 6  

Submandibular ganglion, 30M, .):'J:'I 
Submucosal plexus o f  Meissner, :130, 3 3 1 f 

SubOCCipital muscles, 87-8H, R8f-H9f, I 03t,  384 

development of, 384· 

innervation of, 1 0 ,3l 

Suhoccipital n e rve, 1 03t, 1 22 ,  1 4 2  

S u bscapularis muscle, 148,  385 

Subscapular nerve, 1 48 

Substance P, 6:1, 205, 264 , 344,  ,,\64-36'5 
Substantia gelatinosa of Rolando (lamina H), 260, y,q 
Substernal angle, 163,  1 68 
Sudomotor fibers, 3 3 1  

S u lcus, 2 2 R ,  2 2 8 t ,  2 3 2 1  

Superficial inguinal ring, ')8 
Superior a rticu l a r  processes, 22f-2,3f, 2 4 ,  1 1 :-1 

of atlas, 1 2 2  

o f  ax is , 1 2 '5 
S uperior coll iculus,  272f, 2 7 3 ,  2H21' 

Superior longi tudina l band, 1 :-1 2  

Superior vena cava,  1 4  
Supplementary motor area , 2 7 5  
Supraclavicular nerve, 1 2 ,  1 2f, 1 4 6 ,  1 4 6t, 2 5 5f, 2'iM 
Suprahyoid muscles, 1 4'),  J 50t 

Suprarena.l arteries, middle,  2 1 H 
Suprascapular a rtery, 1 5 1 

Suprascapular nerve ,  1 4 R  
S upraspinatus muscle, 3HS 

innervation of. 1 48 

S upraspinous ligaments 

l u m bar, 1 92t, 20R 

thoracic, 1 59t ,  165 

Supraspinous syndesmosis, 37 
Sural nerve , 25 5f, 2')6f, 257 

Surface anatomy of back ,  3-8 
Surface ectotlelm, :-178, 380f 

SympathetiC chaul gangl ion,  :'>80; see also Sympa thetic tnmk 

SympathetiC nervous system 
anatomy of, 307- 3 2 2  

of bladder, :'>35 -357, .136f 

functions of, 307t 
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S ympath etic nerVous system-conl'd 

of head, 3:14-:135 

of heart, 533 

lumbar, 2 l S  

of lungs, ::153 

and pain perception, 358-359, 3 59 (box) 

pelvic, 24:\ 

postganglionic fibers, 3 1 1 f-3 l2f, :1 1 3 , :l 1 4 f  

postganglionic neurons, 308-309 

preganglionic fibers, 3 1  J f- 3 1 2f, 3 h ,  3 1 41 

preganglionic neurons, 306f, 307 -308, 3081' 

of sexual orga ns, 3:\7- 339, 338f 

of trdChea, 1 7 5  

trunk, :1 0 9 ,  3 1 0f, 3 1  1 f- 3 1 2f, 3 1 5  

visceral a fferents, 339-:H6 

Sympa thUic trunk, 1 1 , 1 21', 309, 3 1 Of, 3 1 1 1'-3 1 21', 3 1 3  

cervied, 308, :\ I Of, 3 1 3- 3 1 4 ,  31 5f-3 1 7f, 3 1 7, 3 1 8f 

lumbar, :1 1 71', 3 1 8-:\20, 3 2 l f  

pelvic, 3 1 71', 320, 3 2 2 ,  322f 

thoracic, :108, 3 1  I f, 3 1 M, 3 1 7-.-) 18, 3201 

Symphysis pubis, 227 

Syncyt iotrophoblast, 377,  377t. 3S0f 

Symicsmoses of spine, 37 

Synovial cavity, 400 

Synovial tluid,  400, 402 

Synovial joint, 39:1; see also Zygapophyseal joints 

extensions (l),Sb), :199, 400 

lumbar, 1 1)4- 185 

Synovial lining cells; see Synoviocytes 

Synovial mt:Jllbrane, microscopic analysiS of, 395, 400-40 I ,  40 I f 

Synovial subintimal layer, 40 I 

Synovi<ll villi, 402 

Synoviocytes 
microscopic an<llysis of, 398t, 401 -402 

type A, 4 0 1 -402 

type 1:3, 402 

SynoviLlm; see Synovial membrane 

Syringomyelia, 297, 299, 300f, :lO H 

T 

'1' I -T I 2 ;  see Thoracic region 

Tabes dorsalis, 296 

Tactile discrimination, 25:1 

Tactile sensat ion , 2 5 3  

' i 'ecrorial membrane, HO, I ,Of 

Tecrospinal tract, 265f, 21)0, 282f, 21)3 , 285t 

Temporal a nery , superficial, 1 5:1 

Teres major muscle, 76f, 383 

Tere, minor muscle, 75f, 76f. 383 

Testicular art<:ry, 2 1 B  

Thecal sac, IBB 

Thermal nociceplOrs, 253 

Thermoreceptors, 252 

cmaneous, 252 

Third-order neurons, 264 , 266f, 269 

and antt:rolareral system ,  269-270 

Thoracic aperture 

inferior, 162 

superior ( thoraciC inlet), 1 60 - 1 6 1  

Thoracic artery, i n ternal, 1 5 1  

Thuracic cage, 1 ()() - 1 6 1 ;  see also Thoracic region 

components of, 1 60f, 1 (,0- I 6 1  

general characteristics, 1 6 1  

relationships of, 1 6 l t  

Thoracic cord 

characteristics of, 65 

morphology of, 54, 55 

Thoracic curve ( kyphosis), 1 9 ,  1 9f, 1 56 

Thoracic d Llct ,  1 70f, 1 7 3, 1 74f 

Thoracic inlet ,  1 6 1 - 1 62 

Thoracic nerves, 77 

Thoracic outlet syndrome, 1 1 2, 1 60 

Thoracic region, 3, 1 56- 1 76 

aortic arch, 1 70f, 1 73 

arteries of, 40, 1 701', f 72 

articular processes of, 1 57f, 1 59 

coslOcorporeal articulations of, 1 66£, 1 66- 167 

l igaments of, I 66f, 1 67 

costotransverse articulation of, 1 66f, 1 67 

ligaments of, 1 66f, 1 67 

costovertebral articulations of, 1661", 166- I C,7 

descending thoracic aorta, 173 

eleventh vertebra ,  1 64 

esophagus, I ?;) ,  1 74f 

first vertebra, 163- 164 

interchondral joints of, 1 68 

intervertebral discs of, 3 1 ,  165- 1 66 

intervertebral foramina of, 1 59 

joints of, 1 64 - 1 65 

laminae of, 1 59 

ligaments of, 1 64 - 165 

nerves of, 1 69- 1 72 ,  1 70f. 1 7 1  f 

splanchnic, 1 75 - I 76 

sympathetic chain, 1 7 5 

vagus, 1 74f, 1 7 5  

ninth vertebra, 1 64 

pain generators of, :\57 

pedicles of, 1 58 

range of motion, 1 68 

ribs, 1 6 l f- 1 62f, 1 6 1 - 163 

af)'pical, 1 6 3  

rypical, 1 6 1 f, 1 6 1 t ,  1 6 1 - 163 

scoliosis, 1 6B - 1 69, I Wf 

spinous processes of, 1 59, J 59t 

sternocustal articu lat ions of, 1 67- I 68 

stern u m ,  1 63 

surface analOmy of, 6-7,  7 f  

sympathetic trunk, :108, 3 1  I f, 3 1 6f, 3 1 7-:\ 1 8 ,  :\Uf 

tenrh vertebra, 164 

thoracic cage, 1 60f, 1 60 - 1 6 1  

thoracic duct, 1 70f, 1 73 

thoracolumbar junction, 1 64, 1 65f 

trachea, 1 7 3- 1 7 5, 1 74 f  

transverse processes of, 1 5 8- 1 5 9 

attachments to, 1 5 8t 

twelfth vertebra, 1 6 4  

typical vertebrae of, 1 57- 1 59 

uniqut: verte brae of, 1 6:1 - 1 64 

veins of, 1 70f, J 72- 1 73 

vertebral bodies of, 1 57f, 1 57- 1 58,  1 66f 

attachments to, 1 58t 

vertebral canal of, 1 59 

venebral levels of clinicaUy importan t strtlctures, l Ot 

Thoracic sympathetic chain, 1 75 

Thoracic sympathetic tnmk, 308, 3 1 21", :1 1 61, 3 l7-:\ IB ,  52()f 

Thoracoabdominal cUaphragm, developmt:nt of, :\85 

Thoracodorsal nerve, 7 3 ,  1 0  I t, 1 48 

ThoraCO lumbar fascia, 73-75, \ 0  I t  

Illmbar attachment, 1 8 1  t ,  1 92t 



Thoracolumbar junction. ](;4 , I ()')f 

Thoracolumbar k),l'ho�is. 1 79 
Thyrocervical trunk, 1 5  I 

Thyrohyoid l11uscle, 1 49t, 1 50f. 1 5 2f 
Thyroid arrclY 

i n krior, 1 5 1  

supc,;or, 1 52 1' 

Thyroid glands, I ,):,> 

Thyrorropin- releasing hor1110ne, (,:,>, 264 
Tibial nerve, 254 ,  257,  :'>20 

Toes, in nervation of. 2')7 
Tort icoll is ,  1 50 

Trachea, 1 4 .  5 �f. 54f, 1 5:'>. 1 7:'>- 1 7'),  1 74 f  

i nncrvati()n or. 1 75 

Trac healis Il1U�cle. 1 7 1  
Tr.1Chcal  ring. 1 4  

Tracheobronchial  lymph nodes. 17 .� 

Tracheoesuphageal groove, 1 ·4'), 1 7 5  

Traer neuron�, 60, ( >I ,  258 
Transfora lllit1al l igament,  4·4 

Transpyloric plane.  8 

T;-ansvc:rst: abdom i n is 1l1u�clc. 9(,f, ,)S, I 0 5 t  
Transve l'sc l igament.  1 5  I f, I :'>  1 - 1 :'> 2 
Tranwcrst' processes. 4, '), 1 8 , 221'. 23-24 

cervica l .  ') .  2:'>, I I  I f. 1 1 1 - 1 1 2  

of atlas, I 1 4 f. I I  9f. 1 2:'>, UOf 

"I' axis.  1 241', 1 2') ,  l 2()t, 1 2Rf. l 50f, 1 5 1 t 
or vertebra prominens. 1 2(,t, 1 26- 1 27 

coccygeal ,  242 ,  2421' 

t()ramen of the, 1 1 2 
fUllction of. 24 

lumbar,  S, 2:'>, 73,  1791. 1 8 1  

;tnachmenls to, I S  I t  

t h o racic, 7 ,  2:'>, 1 58 - 1 5') 

attachments 10, 1 ,)8t 
Transvcrsospinalis muscles, I ')')t, 2 1 7 f, 582 

development of, :'>84 
Tr:lIlsversus thoracis muscles, 9 5, 97f, 1O .')t 

TrapeZius muscle. 4. 'if. ')3f. 7:,>, 74f, 76f. 88 1', W i t  
dcvt"lop111cm of. 58') 
functions of, 74t 

i n nervation of. 7),  IO I t 

thor�ci<: attachment,  1 ,)9t, 1 6 1  t 

Trigeminal  nerve, 2(,(), 26 1 f 

a n d  dorsal horn, 2(,( ) .  26 1 I' 
Trigemino-cervical nucleu�. 1 4 :'>  
Tripk-t1t:xor respon�e o r  S herrington , 2<)7 
Trophoblast, .�7 5  
TropocoUagen molecules, W:'>,  4 0 5  

Tnmk, vertebral levels of �rrucrures i n .  8- 1 6, l Ot ,  I l f 

Tubercles 

anterior, 1 20,  I Z I t', 1 2 2 ,  1 26, 1 27 ,  I 28f, 1 5 1 t  
posterior, 1 20, 1 2 1  f, 1 2 2 ,  1 26,  1 5 1  t 

Two-point d iscri minatory touch,  253 

Typical vertehra: see Vcrtebra. typica l 

u 

Ulnar  nerve, [ · is, 2 ') 4 ,  2,) ,)f. 2561' 

Ultrasonography, .�') 
Umbil ical  ancr)" 2-i 5  

development of. :'>8\! 
l i n cinate: process. I 1 0- 1 1 1 , I I I  f, 1 1 4 f, I 1 8  
Urethr:1l sphincter muscle :'>:'>7 
U ri n a ry sy�tem, I ')  

Uterine arrery. 24') 
Utcru�, l 5  

v 

Vaginal artery, 2 4 ,)  
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Vagus nerve (eN X), 1 5 2t, 3061, :'> 2')-:'>27, :'>28t, >'27, 3:'>4, :'>4 1 
in a n terior neck, 1 4 ("  1 48 - 1 4') 
in thoracic region, 1 70f, 1 74f, 1 7 5 

Vagus nerve, pharyngeal hranch of, 1 48 
Vahalva maneuver, <)') 
Vascular structures; see a/so speClJic structures 

o f anreriur neck,  1 5 1 - 1 5 ) ,  1 5 2f 
verlebral levels a n d ,  J 2 - 1 4, 1 3f 

v:lsoactiw intestinal peptide (VIP), 6 :1 ,  264 

Vasoconstrictor tibers, 3 3 1 

Vastus intermedius muscle, 1 00 
V"stus lateralis muscle , 1 00 
Vastus mecl i a l is mu�cle,  1 00 

Veins 

of a n terior neck, 1 5 3  

develop111ent o f  back, :'>89-3<)0 

drai nage of s p inal cord, 70r, 7 1  
o f  l u m bar region , 2 1 8-2 1 9  
of s;lcroiliac region, 2 .) I ,  2 4 4 1' 
of sacrum a n d  coccyx. 245 

of thoracic region. 1 70f, 1 72 - 1 73 

Vena cava 

inferior, 1 4 ,  2 1 8 - 2 1 9  

clevelopment of, 390 
superior, 1 4  

development of, :'>90 

Ventral comm issural area, (,4, ('41' 

Ventral fu n ic u l us (column), ()4, 64f, 280 
Venn'al horn, 63, 64 1', 65f, 2 58 ,  2(,2, 264f, :'>08f 

laminae \Il l !  and IX, 262 
Ventral  ra m i :  see Anterior primary divisions 

Vent r.l l  ruot,  54,  58f 
cervical, I 1 8  

development of, :'>82-:'>84, 388f 
lesion assessment . 2<)6- 297 

l u m bar, 2 1 5  

Ventral roo tlets, cervica l ,  1 40 

Ventral sacroiliac ligament,  236f 

Ventral spinocerebeJ iar  tract (VSeT), 26';1', 27:1-27,),  274 1, 284t 
Ventral tegmental decussat ion,  282f 
Vertcbrae 

development uf, :'>85- 386, :'>86f 
typical 

ana(0111)' of. 20-24 

cervic�l.  1 1 0- 1 1 8, I I I  f 

function�1 components of. 24 

l u mbar, 1 78- 2 1 :'> 

thoraCic, 1 571', 1 57 - 1 ')9 

unique (atypical) 

cervica l ,  1 20 - 1 27 

tllOracic, 1 6:1 - 1 64 

Vertebr;11 a rch.  anatomy of, 2 2 f, 2 2 - 2 4 ,  25f  

Vertebral a rtel), , 5_)f, 8<)f 

cervical spine and,  1 22 ,  l :'>6f, 1 37 - 1 4 0, I .J8f, LWl, 144,  1 47f, 1 5 1  
development of, 387-:'>88 
sympathetic plexus surrounding, 1 4 4 ,  1 4 5 f  

Vertebral bodies 
an;lto1l1), of. 20, 2 1 -22, 22f 

cervica l ,  1 1 0 ,  I I I  f 

in jur ies  to, I I  I 
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1 1I 1111,,[[·, 1 71)1', 1 7';)- I HO ,  1 1)(,f, 200r 

V<:n<:hral !>od i",-co n ( d  

IlIIllIl;lr-U)nr'd 

,,[[:!ch lnenls to, I HOI 

l l lOr:!cic. I ';'f. 1 ')7- 1 ')X, 1 6M 

:Ht;lchl1l<:nrs 10,  I ,)Hr 

Vntchr:!1 Cl nal .  22L 2:1, :17-'; 2  

cervic:! l ,  .�H, 1 1 (,- 1 1 7 ,  I J Hr 

1 1 I lllhar, ,�H, I H7 - 1 <)2 ,  I HXf 

U illl<:lhion" 01', IH7, lH7t 

<lmal " l lacl1l11ents w i t h i n ,  I HI) 

slen( )�is of, I HlJ- I l)2 

mo' n ing<::11 clements of, ,411 - ,j I 

neural  "1,,m e n l S  of, ,io-··i I 

rcdllndalll nervc roots, 1 90 (hox), ( 1)0- 1 ';)  I 

size of. :IH-:\9 

cervi cal .  I I  () 

sleno,is or, ,-1<), I H';) - 1 ,;)2 

callses o f', I XI) - I ,;)0, I I)() (box) 

(,'raminal ,  I HI) 

isc lKl11 ia d llr ing,  I Sl J  

la rnal recess, I HI) 

SV m l)[OlllS of, l ';) l f, I Sl I - l I)2 

t n:"rmerH ror, I I) 1- ( 1) 2 

rllOracil' .  :Iii, 1 ')1) 
V<:rlchr,,1 end plare of I V D" :\2, :\)f. ) ') f, :16 

Vn[chral foramen , 22r. 2:\,  )H; see a/,w Venehral canil l  

hOllnda ries of, :lH 

cervical,  I 1 (,- 1 1 7 

I l i m ilar, 1 7Slf, I H7- 1 Sl2 

c i i llll'n,ions 01', l H7t 

[i1oracic, 1 ';1) 

Verlchr: 1 I  gn)oves, 2:\ 

cervica l .  I J 2 

Vntl'hra l  kv<:ls 

o( neural  st n ll'l llreS,  1 1 - 1 2 ,  J 2f 

spinal cord kvels I 'S., H 

,,( strllcll lres in : l lltnior neck and t ( l lnk, 8 - J 6, l Ot , I j[' 
of "asclilar strllctllr<:s, 1 2- 14 ,  J :I( 

or " i ,sccr; 1 1  strllct llres, 1 4 - 1 6  

VcrLchra l 1l l ot io n ; ,'>i(:' e  l{angc of motion 

Vent' lxal nCI"VC, l ,H 
Verlehra l  nolcil ,  i n ferior 

ccn'ical, 1 2M 

I l l m llar , I 7';)f, I Sl6f 

tl1<J'-: lcic.  I ';7J '  

V<:rl c hr,,1 notch . sliperinr 

cnvieol,  1 2(,f 

I l Imh:!r, 1 7<)1' 

t h t lracic, 1 ,)7f 

Vntchr:11  pks lIs o f  n e rves, 1 4 ·i 
Verlc!>r:oI  vein ,  c<:rvical rcgion, 1 2 2 ,  1 ,-1<) 

Vertchral Vl'1l01l� plexl ls 

l'xtcl'll : ! l ,  :I,;),  :11)0 

inlt'J11al . :l 1)-·iO,  701, 7 I ,  .�HI) 

V<:nchr:1 prorninem, 1 26f, 1 26- 1 2 7 

fmJ'Cll l"r attachmcnts of. 1 26t 

Vcsic;tI ; Inc!")'. i n ferior.  24-1 

\'c.,r i h [ [ fosl' inal  t ract ,  26'; f, 2HO, 2H2f, 2 H S t  

lesion a:-':-'(.::-.snH:Il(, 295 

11,,:di; l I ,  2H5 

Viscl'[";!1 a fferent tihns, .),-11)-.-14 '; 
al1d par:"ympatilctic nervous system, :140 
:on" sY l11 pathet ic nervous system, .q I 

Viset:.- : I I  pain,  ,-,'l l 

Visl'crUS( ) 111aric reflexes, :' 4 2  

Viscerovisct:ral reflexes, .-I j .-\  

Vol u n ta ry movements, 2 ;",5 ,  27'), 2H'; 

WaU eoberg's syndrome,  .-\--lH-.-I41) 

\X'arm t IH:rmoreceptors, 2 '; 2  

"Wh iplash inj uries," 1 1 4 

White marter, 64 -6';, 2(,:\- 283 

:Jnrerolateral system, 2(1)-27'; 

ascending tracts of, 264-275, 2H4t 
([ors;J! coll lmn-nH::dial kmn iscal system. 20';, 2(,'if, H,7f, 26HL 

26S- 2(1) 

first·order nel lrons. 264 , 265, 2(,(if, 26') 

second·order neurons, 264 , 2661, 2(1) 

third·order neurons, 264 , 26M, 2(1) 

corticospinal trac l ,  276- 2HO, 2771', 27Hf 

descending tracts of, 275 - 2H" , lH'; t ;  see a/so 'PI'ci!ic Imcls 

corticospinal ,  276-2HO, 277f, 27He 2H'St 

medial longitu d i nal  fascic u l us , 2(,'; 1', 2H2f', 2H.�, 2H5t 

reticulospinal, 2S0, 28 f f, 2H'S ! .  21)') 

rubrospinal ,  2HO. 2H2f, 28:'>, 28';t 

tectospinal ,  20,)f, 2H(), 2H2f, 28.-\, 2H')t 

upper motor neurons, 2') 5 - 2')6 

vestibulos p i n a l .  2(,';f, 2HO, 2H2f, 2H'; t 

dorsal colum n - meciial lcmn isclIs (DC-NIL), H,') ,  2(,71', 2<,Hf, 

26H-269, 2711f, 27'; 

dorsal fu nic ulus ,  264, 26';f 

lateral fun icul us , 264 , 26')1' 

organization i n to fasciculi and tracro, 264 , 26'Sf 

v e n l ral funiculus ,  264 , 265f 

""'hite rami comnlunica ntt's, l 70f, 1 7 [ f, ,� I I f', ,� 1 2 r, :) ( 7 - :\ I H, .-I I I) ,  

5 :1 :1 
format io n  of, .�H() 

lumbar,  .'1 I I) 

thoraci c ,  ,-) 1 7- .� IH ,  ,-)221' 

Withdrawal reflex, 2 1)(), 2')2f, :14 1  

W rist ,  innervation of. 1·-iH, 2'S4 

X 

Xiphisternal j u nct io n ,  I), I l f 
X i phO id process, J(d 

y 

Yeoman's test, 2:11) 

YolK sac cavity,  .�77, )77f, .�R4 f  

z 

Z joints; see Zygapophysea l jOLI1tS 

Zygapn[lhyseal joints, 24-2H, 2';f-26t 

articular capsule of, :I,),)-,jOO, 51)') 

articular carti lage of, ,)94-:'>1)1). :\1)';f- W7t, .-\SlHt 

cartilage ll1atrix, �')(,-:l97, .W9 

clinical and bioc hem ical concerns, )1)') 

collagen, 5')6 

ground s uhs!anct', W7, )<)<), :lI)<)I", iOOt 

baCK p a i n  and , 26-2H, 2<)1' 

capsule of, 2, j  

cervical ,  25 f, I f  . -1- 1 1 6, I 1 4 1- I I 'S f' 
dene rv:lt ion of, 27 

development of, ,�H7 

innervation of, 25 - 26, 2Ht' 

IVO i n teraction with,  370 , ,'17 1 1' 

f iga flle n tt l ln fJal'lIlll of, 24,  -400 
lumh:,r, 2 5f, I H 2 - I H7 ,  I H:lf. [ I)(,f, 2 1 7 f 

aging and tiegener:1ti()ll of, f H6, I H6f 

a rticular capsule" I H4f. I H4 - .lH7 



Zrgapoph)'seal joi nts-conr'e] 

lumbar-t:ol) t ' d  

biot:hemic.1 t:onsiderations, UH- l il-'i 

L,)·S I , 20,) 
o:;teophyh::S iI), IH6- 1 87 

prob lems of. 1 78 

size and shape variations of, 1 8:'>, 1 8,1' 

microscopic anatomy or, 392-406 

articular capsule, :)99-400 

anicular Clrri lage . 3')4-399, :'>9 ')f-;)97f, ',98t 

c.rti lagc matrix,  396-:\97, :'>l)l) 
colbgen. 39S 

eollagen s"milesis, 402 (box), 402-405. 404f 

eonneniv!:' tissul:. components or. ,98t, 402-406 

Zygapoplwscal joints-l:ont'd 
microscopic anaromy of 

ground substant:e, 397, 399, 399f, 400t, 406 

ligamentum tlal'lll11 , 400 

synovial membrane, 400-40 1 , 40 1 f 
synoviot:vtes, 398t, 40 1  -402 

ret:esses of, 24, 2') 

saual. 224 

tears of. 27-28 
and somatic referrnJ pain, 361 

thorac it: . 25f 
Zygapophyses; see Articu la r processes 

Zygomatic nerve, :>23 
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