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neurologist and educator for five decades at Tufts Medical Center, Tufts University School of Medicine, and the
University of Massachusetts Medical School at Saint Vincent Hospital — died on July 25, 2011 in Massachusetts
General Hospital in Boston.

Even as the end drew near, Dr. Elliott Marcus pressed on with his life’s work: sharing the
knowledge he had gleaned through a lifetime of dedicated study and teaching neuroscience.
He received his undergraduate education at Yale University and earned an MD from Tufts
University School of Medicine. He was trained in neurology at Tufts Medical Center and also
served with distinction for two years in the US Army. He taught at Tufts University School of
Medicine from 1964 to 1976 where he was the “father” of neuroscience teaching to medical
students. He then moved to St. Vincent’s Hospital in Worcester Massachusetts in 1976 where
he was Chief of Neurology. He also was a Professor of Neurology at the University of
Massachusetts and an active member of that department. He was a clinical neurologist and he
published many papers on diagnosis and treatment of seizure disorders. He retired in 1998 and
continued active teaching of neurology residents and medical students at UMass until just
before his death.

Even as non-Hodgkin’s lymphoma took its toll on Dr. Marcus, he pushed himself, discuss-
ing his contributions to a forthcoming book that he and Dr. Stanley Jacobson, a Professor of
Anatomy and Cellular Biology at Tufts Medical School and a friend and colleague for over 40
years, were collaborating on and telling friends to make sure the work continued beyond the
span of his limited days. He wanted to live and be there to teach and to be there for his
grandchildren.

Friends and colleagues said he was dedicated to his work, loved his family, and inspired
generations of doctors. Dr. Thomas Sabin, a Professor of Neurology at Tufts Medical School
described Dr. Marcus as a superb neurologist and someone with a brilliant intellect. Dr. David
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Chad, a Professor of Neurology and Pathology at UMass Medical School, said Dr. Marcus’s
passion for neurology and teaching was always evident. Dr. Marcus often traveled from Florida
more than a decade after his official retirement in 1998 to work with neurology students. He
would talk with them, letting them learn through conversations, rather than just giving the
answers, Chad said.

“He had a Socratic method of teaching; he let students sort of find the truth,” Chad said. “He
would open the subject up. He would bring out the key issues to be discussed. He wouldn’t
stand up and give the answers. He’d ask questions and give feedback. He was an excellent
communicator. He loved sharing what he knew. He brought scholarship to his teaching.”

Dr. Cynthia Brown, who first met Dr. Marcus in 1980 as a resident neurologist at UMass
Medical School and Saint Vincent’s Hospital, described neurology as a “very intellectual spe-
cialty.” “To have someone as bright and inspiring as Dr. Marcus helps to validate one’s choice
to be a neurologist,” she said. “He’s really a doctor’s doctor, and it is very sad to think that the
upcoming classes of medical students will not be able to have his tutorials.”

Boston Globe Melvin Mason
Boston, MA Stanley Jacobson
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Preface

Neuroanatomy for the Neuroscientist

The purpose of this textbook is to enable a Neuroscientist to discuss the structure and function
of the brain at a level appropriate for students at many levels of study including undergraduate,
graduate, dental, or medical school level. It is truer in neurology than in any other system of
medicine that a firm knowledge of basic science material, that is, the anatomy, physiology, and
pathology of the nervous system, enables one to readily arrive at the diagnosis of where the dis-
ease process is located and to apply their knowledge at solving problems in clinical situations.

The two authors have a long experience in teaching neuroscience courses at the first or
second year level to medical and dental students in which clinical information and clinical
problem-solving are integral to the course. In addition, the first author has taught for many
years an upper level biology course on the Central Nervous System to undergraduates at Tufts
University in Medford, MA utilizing many of Dr. Marcus’ cases to help engage the students.
The second author has developed a case history of problem-solving sessions in the book
“Integrated Neurosciences” by E.M. Marcus and S. Jacobson, Kluwer 2003 and he also con-
ducted a problem-solving seminar in which all medical students at the University of
Massachusetts participated during their clinical neurology clerkship rotation. This provides the
students an opportunity to refresh their problem-solving skills and to review that basic science
material is essential for clinical neurology. At both levels, we have observed that this inclusion
of case history materials reinforces the subject matter learned by markedly increasing the interest
of the students in both basic and clinical science material. This text is a modified version of
“Integrated Neurosciences” published by Kluwer in 2003. This book is also an updated version
of an earlier integrated textbook originally developed by the authors along with Dr. Brian
Curtis and published by W.B. Saunders in 1972 as “An Introduction to the Neurosciences.” The
text provides an updated approach to lesion localization in neurology, utilizing the techniques
of computerized axial tomography (CT scanning), magnetic resonance imaging (MRI), and
magnetic resonance angiography (MRA). Multiple illustrations demonstrating the value of
these techniques in clinical neurology and Neuroanatomical localization have been provided.
The clinical cases illustrations have been utilized in the body of the text.

In this, the second edition, decisions had to be made so that the size of the textbook remained
within limits that could be managed in most of today’s neuroscience courses and we could
respond to some of the very worthwhile suggestions from our colleagues. The printed book
contains the core topics concerned with the central nervous system. We have divided this book
into four sections: I: Introduction to the Central Nervous System (Chaps. 1-10), II: The Systems
(Chaps. 11-17), and III: The Non-Nervous Elements (Chaps. 18-21). We have added a chapter
with case histories, Chap. 20, and following suggestions from our colleagues have been added
as an Atlas (Chap. 22). We have updated “Movies on the Brain”, Chap. 21, and we have used
several of these movies as an adjunct to the course (“Young Dr. Frankenstein” directed by Mel
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Brooks has a wonderful scene introducing the CNS, and “Little Shop of Horrors” directed by
Frank Oz features Steve Martin as a dentist. Making a great introduction to the trigeminal
nerve). There are many movies in the science fiction genre that are also useful for discussion,
and Star Trek with its many episodes and its Medical Manual are at the top of our list!

We have added Chap. 20 with representative cases of disease within the CNS to add in the
students, ‘understanding of the disease process within the CNS. We have also included a discus-
sion on the eighth nerve in the cranial nerve chapter and a discussion on the olfactory system
in the limbic system chapter. In addition, we have added material in the form of an Atlas at the
end of the spinal cord chapter, the brain stem, and thalamic chapters and finally we have
included a separate chapter, Chap. 21 as an Atlas with labeled gross sections and myelin stained
sections of the brain to aid in identifying the regions within the brain. A number of other topics
including cell biology, cell physiology, embryology, nerve, and muscle are usually covered in
other courses and the students should examine these topics in those courses. The anatomy of
the peripheral nervous system and autonomic nervous system should be reviewed in one of the
standard gross anatomy texts.

Most of the case histories utilized in the chapters, have been drawn from the files of
Dr. Marcus. For a number of the cases, our associates at the New England Medical Center,
St. Vincent Hospital, Fallon Clinic, and the University of Massachusetts School of Medicine
either requested our opinion or brought the case to our attention, and provided information
from their case files. These individual neurologists and neurosurgeons are identified in the
specific case histories. We are also indebted to the many referring physicians of those institu-
tions. Medical house officers at St. Vincent Hospital presented some of the cases to Dr. Marcus
during morning report. In particular, our thanks are due to our associates in Worcester: Drs.
Bernard Stone, Alex Danylevich, Robin Davidson, Harold Wilkinson, and Gerry McGillicuddy.
Drs. Sandra Horowitz, Tom Mullins, Steve Donhowe, Martha Fehr, and Carl Rosenberg provided
clinical information from their files for some of the case histories. Our associates at the New
England Medical Center, Drs. John Sullivan, Sam Brendler, Peter Carney, John Hills,
Huntington Porter, Thomas Sabin, Bertram Selverstone, Thomas Twitchell, C.W. Watson, and
Robert Yuan likewise provided some of the clinical material. Dr. Milton Weiner at St. Vincent
Hospital was particularly helpful in providing many of the modern neuroradiological images.
Dr. Sam Wolpert and Dr. Bertram Selverstone provided this material for the earlier version
of the text. Dr. Val Runge from the Imaging Center at Texas A&M provided the normal MRIs.
Dr. Anja Bergman (left handed) had the patience to be our normal case and the images from
her brain form the normal MRISs in the basic science chapters and Atlas. Dr. Tom Smith and his
associates in pathology provided much of the recent neuropathological material. Drs. John
Hills and Jose Segaraa provided access to neuropathological material for the earlier version of
the text. Drs. Sandra Horowitz and David Chad provided critic of particular chapters.

Dr. Sarah B. Cairo MD, MPH while still a medical student at Tufts Medical School devel-
oped the illustrated drawings that have been used throughout the second edition of this book to
illustrate the retina, pathways, levels of the spinal cord, levels of the brain stem, and levels of
the thalamus. Dr. Mary Gauthier Delaplane while a medical student at Boston University
School of Medicine provided the anatomical drawings illustrating the cranial nerves, and the
Neuroembryology chapter. Anne Que, Paul Ning, Tiffany Mellott, Elizabeth Haskins, and Tal
Delman aided Dr. Delaplane. Dr. Marc Bard provided drawings for the earlier version of this
text while a student at Tufts University School of Medicine. In many of the clinical chapters,
various medications are recorded. Before utilizing these medications, the reader should check
dosage and indications with other sources. It is with great pleasure we extend our thanks to our
publishers and particularly our editors Ann Avouris and Joseph Burns for all their help. Any
faults or errors are those of the authors and we would therefore appreciate any suggestions or
comments from our colleagues.

Boston, MA Stanley Jacobson
Worcester, MA Elliott M. Marcus

Preface



Contents

PartI Essential Organization of the Central Nervous System

1 Introduction to the Nervous SyStem..............cccooovriiirieieiienienieeeeeee e 3
The NEUTON ..ottt ettt sr e e 3
The NErvVOUS SYSIEIM..ccuueeruiieiieriieiieeieeite sttt sttt ettt e st et e siteebeesaeeebeesaneennes 6

Peripheral Nervous SYStEM ....ccc.eiiiiiiiiniieiieeiieeieerteete ettt s 6
Central Nervous SYSTEIM.....cccueruiiriiriiriieienteeienteete sttt ettt ettt et sae e 6
Central Nervous System Pathways .........ccoccoviriiniiniininiinnieeceecceeeee 13
Case HIStOTY 1.1 .cueiiiiieiieieeteeete ettt 14
Glands Associated with the Brain.........coccocoviiiiiiiniiiinieeeececeeeee 15
RETEIEIICES ...ttt ettt 15

2 NeUIOCYLOLOZY ........ooouiiiiiiiiiietiee ettt ettt st naeeaeas 17

THE INEUIOM ...ttt ettt ettt ettt st e e et e e e st e bt es et e eneesteeneenseenes 17
DIENATIES ..ottt ettt ettt ettt et et e e s et eae s st ebeeseense e st e beeneeseeneeneeenes 17
SOMA. ...ttt ettt sttt et e st 17
Golgi Type I and IT NEUTONS ......ocvuieriiiiiiiiiieiierieeiteeie ettt 17
DeNdIitiC SPINES ..ceouveeiieriieiieeiteiie ettt ettt et e st e et e sebeeaeesaeen 18
Cytoplasm Organelles ........cccveeiieiiiiiieniiiieerie ettt ettt st esaaesaeees 20
INUCIRUS ...ttt ettt sttt et sttt sttt sae e 20
Rough Endoplasmic Reticulum or Nissl Body ......c..cccccoeeveniiiiniininiiniinicee 20
IMILOCHONAITA ..ottt sttt ettt 21
Neurosecretory Granules...........ceoeeiereeieriieienieeeeieeie ettt sttt etesiens 22
Neuronal CytoSKELELOMN........cccuiiiiiiiieitieierttee ettt siens 22
Microtubules and AXoplasmic FIOW ........ccccocoiiiiiiiiiiiieeeeceeeeee e 23
Neurofibrillar TangIes .......c..ccecveoiriiririniiinereeeeee ettt 23
Axon and Axon Origin (AXon hillock) .........ccoeeeiirieniiieeeeeeeeeee e 24
Myelin Sheath: The Insulator in an Aqueous Media .........cceceeveerieniienienneennnen. 24
Myelination: Schwann Cell in PNS and Oligodendrocyte in CNS....................... 25
Central Nervous System Pathways .........ccocceeviiiiiiiniiniiiiiieniececeeece e 25

SYMAPSE ..veenvteiieeiteeite ettt et e st e et estt e e bt et e st e e saeesabe e beesabe e baeesbeenbeesabeebeesnbeensaenaten 26
SYNAPLIC STUCTULE ...ttt ettt ettt et s saee e sbeenaesaees 26
SYNAPLIC TYPES +.nveentirieiiieieete ettt ettt st ae st enaesaeen 27
Synaptic TranSIMISSION ......cevvirueeriirienieiienieeienie ettt ettt ettt enee s enaesaeen 27
NEUIOITANSINIEEEIS ..c.eeenterteente ettt ettt ettt et et et st e bt saee bt st enbesstesbeessenbeennenbeans 27
Modulators of NeurotranSmiSSiON.........ccuerueeeereerierieerieneerteseeieeeenieeeeeneeeneeneeenes 27
SYNAPLIC VESICIES. ...ttt nae e nae e 27
SYNAPLC TYPES ettt sttt ettt ettt st saea 28
Effectors and RECEPLOTS ........cuviriririririinierienteteteeeteteeee et e 28

Xi



Xii

Supporting Cells of the Central Nervous SYStem .........cccceveevuereenienienenieneneeeenaen 28
ASITOCYERS .ttt ettt ettt ettt ettt et e s bt e bt e s bt e e bt e sbte st esate e bt esbbeebeennee s 30
OliOAENAIOCYLES ....euvnriiiiieiieiieiieiteteeiere sttt ettt ettt st 30
Endothelial Cells .......coiiiiiiiiiiiiiiieeieeeee et 31
Mononuclear Cells: Monocytes and Microglia..........c..coceeevevievieniiecineenieeeennenne. 31
Ependymal CellS ......cccueiiiiiiiiiiiiieeieeiese et 33

Response of Nervous System t0 INJUIy......coc.eevieiiiinieniiiiienieeeeeecee e 34
DEEENETALION ...ttt ettt sttt ettt ettt e s abe et e e sabeebeessbeenseenanenn 34
REZENETALION ...ttt 34

BIo0d-Brain BarTier ........cccoouiiiiiiiiiiiiiicicieccci e 37
Blo0d-Brain BaITIEr .......cccccveiiiiiiiiiciniiiicteeccteeeeeeeeee s 37
EXtracellular SPACE.......cccueveeriiiieriiiienieeet ettt 38

RETEICIICES ...ttt ettt et 38

Neuroembryology and Congenital Malformations ..................c.cocooiniiiinnnnne. 43

INEEOAUCTION ...ttt ettt sttt et e e et eneete et eneeenee 43

Formation of the Central Nervous SYSteM.......ccceereruerienienieieieieeeeeeneereseseeseenes 43
Neural Crest CellS ....c..coouiiiiiiriiiieieieee et 43
HISTOZENESIS «..veeuvieiiiieiie ettt ettt ettt ettt et e st e st e st e beesbseebeesane s 44
Repair of Damaged Nervous SYSteIM ......ccvveeruieriiiniienieeiienieeieeseeeiee e 45
Principles of Differentiation Within the CNS ..........ccoooiiiiiiniiiiiienieeeieeeeen 45
Growth Cone GUIANCE........c.ccoueiiiiiiiiiiiciieeeeeeee e 45
Programmed Cell Death.........cccccoiiiiniiiiiniiiiiiiieeeeeeee e 45
Neuronal Death ........cccoooiiiiiiiiiiiicec e 46
Development of Blood Vessels in the Brain...........c.ccooceveeneniiiinieninicncneee 46
Development of Ventricular SYSteM ........cc.eeoierieiieririeiieieeeeeee e 46
Formation of Peripheral Nervous SyStem .........ccecevierieiienienieiieieeeeeeeeeeeee 47
Spinal Cord Differentiation: Origin of the Spinal Cord.........c.ccccceeveeverviriinvencnnns 47

Brain Differentiation .........cceeeeiiieieiieieee ettt 48
Rhombencephalon (Hind Brain) .........c.cccovvveiiiiniiiiieniiiiciececeeeceeeeee 48
MESENCEPNALON......cueiiiiiiiieiieeie ettt sttt ettt n 49
ProsenCephalon ........cocieiiiiieiieeiieeeee ettt 50
DiINCEPNALON.....c.uiiiiiiiiiiiieieceee ettt st n 50
Cranial NeTVES.......ccueiiiiiiiiiiiicicc e 50

Prenatal Development of Cerebral COIteX .......coocoveeviereinieniinenienienieiceieieeeeneeeee 53
Neuronal MIration .........co.eeuerieriirieniirienieeienie ettt ettt 55

Changes in Cortical Architecture as a Function of Postnatal Age..........c.ccccceevennenne. 55
Neuronal Maturation ...........ccoeeeererieneeienieee ettt sbe e siens 56

AbNormal DevelOPMEnt .......c..ceuiiiiiieieieieret ettt 57
Malformations Resulting from Abnormalities in Growth
and Migration with Incomplete Development of the Brain ........cc.ccccoceeeveninnenne. 58
Genetically Linked Migration DiSOrders ..........cccccoeevenienienienenienienecieeeeneee 58

BIbIHOZTAPNY ...ttt st 62

Spinal Cord with Atlas of Spinal Cord ...............c.c.cccoeiiniiniiniiiccee 63

GTOSS ANALOIIY vvieiiieniieriieetteeteetee st eteesiteettesateebeesabesabeesabeesseessneenseenssesnseenanesnses 63
Spinal Cord: Structure and FUNCioN...........coceeviiiiiierieniieeecie e 63
INETVE ROOLS ...ttt 64
GIAY MBI ..ceieiieiieieetet ettt ettt ettt sttt nae e 65

Laminar Organization of Central Gray (Fig. 4.6) .....c..cccceviriininniniineneiesieeneene 66

TNECIMEUIONS ...ttt ettt ettt b et s b et eb et ebe et e st e neeenee 67

Segmental FUNCHION ........coouiiiiiiiieii ettt 68
Motor/Ventral HOrn CellS........ooveiiiieriieieriieiesieeie st 68

SeNSOTY RECEPLOTS ...cuiiiiiiiiiiieie et 69

Contents



Contents

xiii
SEIEtCh RECEPLOLS ...ttt st 70
Nociception and Paill ........ccoeieiiiiiiiieiee e 71
Modulation of Pain TranSmiSSION ........cccucecvieriieriiierieeieeseeeieeeree e esreesveesaee s 72
WHhite MAtter TTACES .oouvvieeeiieeiiiieeeiie et e et e eeteeeetr e e st eeeeree e nsaeesnnaeeensseesnsaeessneeens 73
Descending Tracts in the Spinal Cord...........cccocceviriiiinieniniininiceeeceeeee 73
Ascending Tracts in the Spinal Cord..........cccocceeriiiinieniiinienieeeeeeee e 74
The Anterolateral Pathway .........ccccoevieiiiiiiiiiiiiiieiecceee e 74
Upper and Lower Motor Neurons LEeSIONS .........cecveereeriernieeriieeniienieenieenreeiee e 76
A. Upper Motor Neuron Lesion (UMN) ......coccviiiinienieenienieeieeeeeeiee e 76
B. Lower Motor Neuron LeSiOn ........co.ceuiririineiienieienieieseeeeeeese e 78
Spinal Cord Case HiSTOTIES .....c..eoeeririeriiierieiienieeieteeteste ettt 78
CaSe HIStOTY 4.1 ..ottt et 78
Case HIStOTY 4.2 ...ttt s 79
Atlas SPINAl COTd .....coueeuiriiniiiiiiiieeeeee ettt s 79
REFEIEICES ... ittt ettt et e et e e beebe e s ebeebeesaseesbaeenneennes 82
5 Brain Stem Gross ANAOMLY ...........ccccoceeiririinineninieieieeet et 85
INErOAUCTION......c.eiiiiiiieiiiiieee ettt 85
Gross Anatomical DIVISIONS .......ccceevuieiiriiiiiiniiiinieicnecen e 85
Sites Of TIANSILION ...cveeuiiiiiiiiieiiiiecrtec ettt st 85
Relationship of Regions in the Brain to the Ventricular System .........c..ccccceceevenene. 86
Gross Anatomy of Brain Stem and Diencephalon...........cccceevveevieniiinieniiiinienienne, 86
Anterior Surface of Gross Brain Stem ..........cccoceeveriineniininiciiniceseceeeeee 86
Posterior Surface of Brain Stem and Diencephalon..........c.cceceeeevienienienenenenne. 88
Arterial Blood Supply to the Brain Stem and Diencephalon...........cccccceccvcerinencnene 91
IMEAUILA ..ttt ettt et e e e e teeetbeebeessbeenbeeesbeenseessseensaennsens 91
POMIS ettt e et e e saaaeean 91
AV 16 o) 1 13 DO OSSP SUU USRS 92
Diencephalon.........ccooiiiiiiiiiiie e 92
RETETEINCES......oeiieiieieeeee et 92
Brain Stem Functional Localization with Atlas of the Brain Stem..................... 93
TEGMEINIUIIL. ......eeuiieiiieiieeite ettt ettt sttt e sttt e st e e bt e st e et e sabeeabeesateebeesateenbeesaneenses 93
Differences Between the Spinal Cord and Brain Stem...........cceeceeviiinienieeneennennne. 93
Functional Localization in Brain Stem Coronal Sections and an Atlas
Of the BrainSteIm.....co.eiiiiiiiieiiieiieitcieetece ettt 93
IMEAUILA ...ttt e 94
PO et 98
AV 16 Lo} 4 13 OO UUSUUPSR SR 103
Functional Centers in the Brain Stem ..........cccoovveeiiiiiieeiiieiie e 107
Reticular FOrMAtion ........c.cccueeciiiiiieeiieiic ettt ettt eae e s be e s 107
ReSpIration CENLETS ......c.couiiiiriiiiieiieiieiee ettt 108
Cardiovascular CENLETS ..........coueviieeeriieieniieieneere ettt 109
DEGIULITION. ..ttt ettt et s e st et e st e e e e sane s 109
VOIMIEINE .ttt ettt et sttt e st et e s abe e beesabeeabeesaseenbeessseenseenanean 109
EMELIC CONLT ....c.eiiuiiiieiiiieieitetcet ettt sttt sttt 110
COUZNING ..ottt sttt ettt 110
TASTE .ottt ettt bt ettt sttt sttt et a e 110
Localization Dysfunction in the Cranial Nerves.........c.ccooceveevenienenieninieneeienenn 111
Localization of Disease Processes in the Brain Stem ..........ccccoooeienieniniincnennne. 112
Guidelines for Localizing Disease in the Brain Stem ..........ccccoceveenenienencenenne. 112
Neuroanatomical Localization Exercise Chapter 6: Identify the Tracts
and Nuclei in the Brain Stem ...........ccoecieiiieiiinieeeeeeeceeeeeee e 112

Suggested REAdINgS.........oouieviiiiiiiiiieiiicceeee et 114



Xiv

7

The Cranial INEIVES ............cccooiiiiiiiiiee et eee e e 115
How the Cranial Nerves Got Their NUMDETS........c...cooviiiiiiiieiie e 115
Functional Organization of Cranial NeIrves .......c..ccccovererererenienienienieieieeeeeeneneens 115
Other Useful Facts on the Cranial Nerves..........cccooovveeeeiieeeeeeeeeeeeeeeee e 115
Origins of Cranial Nerves and Associated Muscles..........ccccoceeeeeiecienienieneennenne. 118
The Individual Cranial NeTVES .........cccvieiriiieeriieeeiieeeiieeeeveeesreeesreeeeereeeereeeseseeennns 118
Cranial Nerve I, Olfactory, Special Sensory/Special
ViSCeral ATEIENL .....vviiiiiiiiiieece ettt e ar e e e seneeea 118
Cranial Nerve II, Optic, Special Somatic SeNnSOTY .......cccecvvercveerieeriieenieenieerieenennn 118
Cranial Nerve III, Oculomotor, Pure Motor
(Somatic and Parasympathetic, Only III).......c..coceniiiiininiinininececeecees 120
Cranial Nerve IV Trochlear, PUre MOTOT ......cooveviiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeee e 120
Cranial Nerve VI, Abducens, PUre MOOT ........coooiiiieiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 121
Cranial Nerve V, Trigeminal, Mixed Nerve
(Sensory and Motor But No Parasympathetic) .........cccccevevievievieneniniencnincncnnns 121
Cranial Nerve, VII Facial, Mixed Nerve
(Sensory, Motor, Parasympathetic) ........coccueevueriiiiiiiiiiniieieeieeieeseeeee e 122
Cranial Nerve VIII, Vestibulo-Cochlear............cccccoovvvviiiiiiiiiiiiieeeeeeeeeeeee 124
Cranial Nerve IX, Glossopharyngeal, Mixed
(Sensory, Motor, Parasympathetic): Nerve to Third Pharyngeal Arch ................. 128
Cranial Nerve X VagUs........cccoieiiiriiniiniiniiienieeieneeesie ettt 129
Cranial Nerve XI Spinal Accessory, Pure Motor-Somatic
ANA VISCETAL....cuviiiiiiiieiie ettt et ee e e et e e et eeeareeenaneeens 130
Cranial Nerve XIT Hypoglossal.........cccecieririeriiniiniiienieieseeeeeeeseee e 130
Cranial Nerve DYSTUNCHON ......cc.ooiiiiiiiiiiiieiceeteee e 131
Motor Cranial Nerve LeSiOn .........ccoueiiiuieiiiiiieeie e 131
Cranial Nerve DySfuncCtion .........c.ccecueieirinincnineneneneieeeeeeeeeeieeiceie e 131
Motor Cranial Nerve LeSIONS........cooiiuviiiiiiiiiiiie ettt e e eevvee e e 131
Sensory Cranial Nerve Lesion .........c.coccooeeiiiiiieninieninienieeesceee e 132
Cranial Nerve Case HISOTIES .....ccuuiiiiuiieiiiieeeiieeeieeecieeeesiveeeseveeesbeeeseveeeesaeeseseeennns 132
Cranial Nerve Case 7.1 ..ottt e eave e e saveeean 132
Cranial Nerve Case 7.2 ...oiocuiieiiii ettt eite e e et e e e e e svaeeeaseeearaeeseveeaas 133
Cranial Nerve Case 7.3 ...ttt ettt eeas e eare e e savaeeas 133
Cranial Nerve Case 7.4 ....ocouei ettt ettt earee e saveeeas 133
Suggested REAAINGS .....cc.eeviriieriiiiiieiiecctee ettt 134
Diencephalon with Atlas of the Thalamus.................cccocoeeiiiiiiiiiiii e, 135
OVEIVIEW ..ttt ee e et e et e et e e et e e et e e eae e e eeteeeeeaaeeeeaseeeeseeeeasseeeessseeesseeeaaes 135
The Thalamus Has Several Major RoIes.........c.cceceviriiiiiinieeeeeeeeee 135
Thalamus from a Phylogenetic Perspective ..........ccccceveveeienieienieneeceeeeeeee 135
Functional Divisions of Thalamic NUCIEI ...........ccveeeeveeeeiieeeiee e 135
Nuclei of the Thalamus ...........ccccvveeiiiiiiiieecie e e e seaee e 136
Functional Organization of Thalamic NUCI€i..........ccccuervuiriiiriiiiiiiniiiieiceeeeene 136
Sensory and Motor Relay Nuclei: The Ventrobasal Complex
and Lateral NUCICUS. .....c..eiiiiiieiiiie ettt et e b e earee e saaaeeas 136
Limbic Nuclei: The Anterior, Medial, Lateral Dorsal, Midline,
and Intralaminar NUCICI.......c.c.ccoviiiiiiiiiciie et 139
Specific Associational-Polymodal/Somatic Nuclei-The Pulvinar
INUCIET ..ttt e e et eta e e e e e ta e e e etaeeeeareseeaneas 139

Special Somatic Sensory Nuclei-Vision And Audition,
The Lateral Geniculate And Medial Geniculate Nuclei
of the Metathalamus .........c.coouiiuiiiiiiieiee e 140
Nonspecific ASSOCIAONAL..........ceruirieriieieriieieee ettt seeens 141

Contents



Contents

10

XV
White Matter of the Diencephalon..........c.ccecuiiieiiiiiiiiieii e 141
Relationship Between the Thalamus and the Cerebral
COTEEX -ttt ettt ettt ettt et st et e s at e et esat e e bt e ea e e bt e s ab e e bt e sbt e e bt e ebb e e beenabeeane 143
Clinical CONSIAETALIONS .....eeveerureeiieeiieeiierteeiee sttt ettt et steeteesateeaeesaee s 144
SUDThALAMIUS ...ttt st s 144
Thalamic Alas........ccoociiiiiiiiiiii 144
Level: Midbrain — Diencephalic JUNCtON ........ccccuevvieviiinieniiiiieeiceicenieeeeen 145
Level: Midthalamus...........ccccueiiiiiiiiiiiiiieiceeeeee e 146
Level: Anterior Tubercle of Thalamus...........ccocceviriinenienenieninicieniceeecece 149
Selected REAAINGS .. .coveruieiirieiiiieeeteeeteee ettt 149
Hypothalamuus .............cooooiiiiiiiiiiii e 151
Hypothalamus ........cc.oooiiiiiiiiieie et 151
Hypothalamic NUCIEI ......eoueeiiiiiiiiieiiiieee e 151
Afferent PAthways ........cccooiiiiiiiiiieieeee e 152
Efferent Pathways........cc.couevieiiiiiiiiienciec ettt 153
Functional Stability .........cccooiiiiiiiiiiii e 155
Neuroendocrine System, the Hypothalamus and Its Relation
0 the HYPOPRYSIS ..eutiiiieiiieiiieeieesi ettt et sttt 156
HYyPOPRYSIS COTEDII.....uviiuiieiiiiiieiiieeieesie ettt ettt es 156
Hypothalamic-Hypophyseal Portal System ..........ccoccevveevieeiiienieniieniesieeeeeeeen 156
HypophySiOtrOPhiC ATEa ....cc.vievieieiieiieiiieieerie ettt et saee e 157
Hormones Produced by Hypothalamus...........c.cceoceviininiininiininiiinicieeeeee 158
Hormones Produced in Adenohypophysis ......c.cceeveriererienenienenienenienieeieneeenee 158
Hormones Produced in the Adenohypophysis .........cccvervenerieniniienenieneeeeneene 158
Hypothalamus and the Autonomic Nervous System ..........cccccceceeververenenencnnenne. 159
Functional Localization in Hypothalamus ...........c..ccccoeveviiiininnninnncncees 159
Autonomic NErvouS SYSTEIM ....cuevereieieteiriireniteienie et eteneeeeeeteeeseeeereseesresaesaens 161
The Autonomic Nervous SYSIEIM ......cc.eecveruiiiiirieiiinieieneeteseee et 163
Enteric Nervous SYSIEIM......cc.ceiiiirieriiiieiieienieeee et 163
Parasympathetic System (Cranio-Sacral) ..........cceceevieriiiiienieiiienieeeesee e 164
Cranial Nerves — III, VIL IX, X .ot e e 164
Sacral SeZMENtS S2—......couiiiiieiieiieeie ettt ee 164
SYMPAhEtIC SYSIEIM. . .viiiiiieiieiiieeieerite ettt ettt et et e et e sbeebeesebeenseesane s 164
Cervical Sympathetic Ganglia...........co.cecueveeviiriiniinieneniereeeeeeeeeee e 165
Thoracic Sympathetic Ganglia..........ccceoeviriiineininiiieniereeeeeee e 165
Lumbar Sympathetic Ganglia ...........cccoeoeveriiniiiiniieneeceeeeeeee e 165
Autonomic Dual Innervation of Specific Structures ...........cceceevereereneenieeeeneenne. 165
Cutaneous and Deep Vessels, Glands, and Hair ............coccoeieieiieiinienieieceee 166
Disorders of the Autonomic Nervous SYSteM........cceeruerverienierenienienieineneeeeeneneens 166
BIaAdeT ...ttt s 166
RETEIEINCES ..ot 167
Suggested REAINGS ......eovuiiiiiiiiiiiieiieeeee ettt st n 167
Cerebral Cortex Functional Localization..................c..ccoooneiniininnenncnenn 169
Anatomical ConsSIdErations............ccuccuiiiiriiiiiniiinie e 169
Cerebral Cortical Gray MAatter .........cceeveeriieerieniienienieenieeereeieesreeieesveesaeesanes 169
CYLOLOZY vttt ettt sttt sttt sttt ettt 170
Basic Design and Functional Organization of Cerebral CorteX..........cccceecvevereenncnne. 171
Fundamental Types of Cerebral COrteX ..........cceoereeriereenienienienieieeienieeieenieeeeneeene 172
The Schema of the Fundamental Six Layered NeoCOIteX........ccccveruerieniinienieeeennennes 172
Classification of the NEOCOITEX .......ccuiriiriieierieie sttt 173
How the Brodmann Areas Got Their NUmMbers..........cccooovererienieieneeieieeeeeene 173

Correlation of Neocortical Cytoarchitecture and Function...........cccccecevcevvirncncnnene 174



XVi

Lobes in the Human Cerebrum.............ccoeeiiriieiiiniieiiinieie et
Frontal LLODE........coeiiieieieeee e
IMOLOT ATEAS ..ottt ettt ettt ettt et e s bt e et e sb b e st e sbte e bt esbeesabeesbnesareenns
Prefrontal — NONMOLOT QIeas .......c.eeueeruieieriieierieeiesieeie st ete ettt nee s
Parietal LODE ...c..coviiiiiiiieieeeeee e
TemMPOTAl LODE ..c...eeiiiiiieieeieeee ettt ettt e
OCCIPILAl LLODE...c.uiiiiieiieie ettt sttt sttt e s eaes
Subcortical White Matter Afferents and Efferents..........c.coccocevveevinenincncnncncne.
Afferent Inputs and Efferent Projections of NEOCOTteX .....c..cecvevverierieniinienieneennenne
Nonthalamic Sources of Cortical INPUL.........cccoevieriiiiiniiiiniiiececeeeeee
Methods for the Study of Functional Localization in Cerebral Cortex......................
How Do We Study FUNCHON?........ooiiiiiiiiiiienitiiesiteeeeiesteeeee e
How Do We Confirm the Location of the Pathology? .........ccccccevieiiiiiiininnenne.
Neurophysiology Correlates of Cortical Cytoarchitecture
and the Basis of the Electroencephalogram ............ccocceveeiiiieiinienieieceeee
S £ (3 117 PR S

Part I The Systems

11 Motor System I: Movement & Motor Pathways..............c.ccocerirviininiiiieiennns
Cerebral Cortical Motor FUNCHONS .......coouiiiiniiiiniiiiinieeienteesiteeeiteeee e
REMIEX ACHIVILY .ottt sttt
Concept of Central Pattern Generators .........c..ceceveeruereenienienenienienienieeieesieeeeenee e
Postnatal Development of Motor RefleXes .........ccocoeveiiiieniiienieiiiieeccee
Relationship of Primary Motor, Premotor and Prefrontal Cortex...........cccceceeeennenne.
FUunctional OVEIVIBW ........c.ccouivuieiiieiieiieieste ettt
Primary Motor COTteX ATCa 4 .......cccoceeereruiriinienienieieienteieeeeeeeie e
Areas 6, Premotor CorteX (Areas 6 and 8)..........cceeveeeiieiieeeieecieecieeeree e eeveeeene
ATEA 8-PIremMOLOT.......oiiiiiiiiiiiiieiieectt ettt
Suppressor Areas for Motor Activity (Negative Motor Response).........cccceeeeenee
Prefrontal Cortex (Areas 9, 10, 11, 12, 13, 14, and 46) .........ccoevvvveeeeeeiiveeeeeeennns
Disorders of Motor DevelOPMENt ..........cceervirriieriieniienieeiee ettt
Studies of Recovery of Motor Function in the Human............cccoooeviiininniiencennnen.
Cortical Control of Eye MOVEMENtS ......c..cocveviriiriiiieniiieniiciesieiesteieeieeee e
Frontal (Area 8) And Parieto-Occipital Eye Fields.........ccoocovoeniniininicninncnen,
Major Voluntary Motor Pathways.........ccccevieriiiiniinieiieieneeeeseeeeee e
Basic Principals of Voluntary Motor SYStem ........cceevuereerienienienieieeieieeeeneeeee
Corticospinal Tracts: Voluntary Control of the Limbs, Thorax
ANA ADAOMEI ..ttt ettt ettt nee e
Corticonuclear/Corticobulbar System: Voluntary Control of the Muscles
Controlled by Cranial nerves V, VII, and IX to XIL.......ccccevvviriiiiniiniieniinneennen.
Corticomesencephalic System: Voluntary Control of Muscles
Associated with Eye Movements-Cranial Nerves 111, IV, and VI
(see also discussion above in Chap. 9-Cranial nerve VI. Cortical
Control of Eye MOVEMENES) ...c.veeuierieeiieiieeiienieerieesiieesieesteeteesreeseeseseeseesanes
Rubrospinal and Tectospinal TIaCES ........ccoceevvererriereirienieienieieeeeeee e
RETEIEIICES ...ttt ettt
Suggested REAAINGS .....cc.ceruiruieriiiieiiieecteeee ettt
Hydrocephals..........coeeiiiiieiieeeeee e
Elderly Gait DiSOIAErS. .......cciuieuiiiiieiieriieieeieeie ettt sttt
CoNtrol Of MOVEIMENL ......cuieiieeieiieeieieeie sttt sttt ese e e e enes
PlastiCity OF COTTEX ..c..euiiiieieiieiiiteieeienierte sttt ettt ettt ae e s
The Pyramidal Tract and Other Descending Motor Systems...........cocccevveerueennnen.

Contents



Contents

12

13

14

xvii
The Central Control of Eye Movement by Cerebral Cortex ..........cccceceevveeeennenne. 206
Postnatal Development and Disorders of Development..............ccceeeeeeneeeeennenne. 206
Motor System II: Basal Ganglia ...............ccccocooinininininininiceeccecne e 207
Overview of the Dopaminergic SYStemS.......c.cecevuerererinienienienreiieieeeeeeeeseeese s 210
Clinical Symptoms and Signs of DySfunction.........c..c.cceeeeveevenienenieniniienieeenene 210
Specific Syndromes Parkinson’s Disease and the Parkinsonian Syndrome
(Recent reviews are provided by Olanow and Tatton 1999) ........ccccceevvvviiniveniennnen. 211
CASE 121 ettt 214
Differential Diagnosis of Parkinson’s DiS€ase........cccccoceeverievienienienieninienieniennenes 215
Chorea, Hemichorea, and HemiballiSmUuS .........uuvveviviiiiiiiiiiiiiiiiiieieeeeeeeeceeaivenenes 216
Hemichorea and Hemiballism...........cccceoiiiiiinininininiiiiicicicceccccccecse e 217
CASE 12.2 et 217
CaSE 12.3 ettt ettt et s 218
Generalized CROTA. .........coiuiiieiieietieee ettt ettt enee 218
CASE 124 .t sttt ettt s 220
Other Movement Disorders Associated with Diseases of the Basal Ganglia............. 220
RETETEINCES......oiiieiieiiecee et 221
Suggested HEadINgS .....vveruveriiiiieeieeiie ettt st 222
Motor System III: Cerebellum.................ccoocoeviiriiiiiiiieieeeceeeeeee e 225
Subdivisions of the Cerebellum ............coccecieriiiiininiiiniiiicce e 225
Longitudinal DIVISIONS ....c..ceoveriieriiriiiiiienieeteneete ettt 225
Transverse DIVISIONS ......cc.ccueciiiiiiiiiiiiiiiccesecee e 225
Cytoarchitecture of the Cerebellum..........cccooieviiiiiniiiiiniiiiieeeeeee 225
Topographic Patterns of Representation in Cerebellar Cortex..........cceeeeeenueevenncnne. 228
Functions of the Cerebellum and Correlations .............cceeereererienienieneeienieeieneeenes 228
Effects of Disease on the Cerebellum...........cccoooiiiiiiiiiiiiieeceeeee e 228
Major Cerebellar SYNAIOMES .........cceveieeeiriniriiniene ettt ere e e 229
Syndrome of the Floccular Nodular Lobe and Other Midline
Cerebellar TUMOTS.........ccueiiiiiiriiiieicit ettt 230
Syndrome of the Anterior Lobe .........coceoviiiiiiiiiiiiiiieeeeeeee e 232
Syndrome of the Lateral Cerebellar Hemispheres
(Neocerebellar or Middle-Posterior Lobe Syndrome) ..........ccccceevieevieenieeriennieenne 234
Syndromes of the Cerebellar Peduncles.........c..ccccoeveieniniiineeniinicencncencneenennen 235
Vascular Syndromes of the Cerebellum-Vertebral Basilar..........c..ccccceceevenienncne. 235
Syndromes of Occlusion and Infarction...........ceceeeeieneeneniieniniencneenceeeeen 235
Spinocerebellar Degenerations. ..........cevererierieeienrieienieeie et 236
AN OVErview Of TIEMOTS ....euivuieiieiieiieienie ettt 237
RETEICIICES ... ettt ettt ettt et enee 238
Bibliography: Cerebellum and MOVEMENL ........ccccecereruinienienenrenienieieiereeeceeseneens 238
General, Anatomy, Physiology and Functional Localization.............c..ccccccceeueenee. 238
Vascular Syndromes of the Cerebellum ..........c..ccccooceeviniiiiniiiiniiiecee 239
Degenerations and Systemic DiSOTAETS........cecueervierieniiiniienieiieesieeiee st 239
TIEIMOT «. ettt ettt ettt a e sae e 240
Somatosensory Functions and the Parietal Lobe.................ccccccoccooiinnininnnn. 241
Postcentral Gyrus: Somatic Sensory Cortex (Primary Sensory S-I).......ccccceceevenneene. 241
Organization of the Postcentral GyTus ........cccccecceverieneriinenicnenieneeicceceeenn 241
Postcentral Gyrus SHMUIAtION. ......cc.eevuiriiriiiinieienceeeeeeee e 241
Postcentral Gyrus LeSIONS.........eecueeierierieniieieneeie sttt 242
Superior and Inferior Parietal Lobules.........c.ccooeiieiiiniiiinieieieccec e 245
Dominant Hemisphere in the Parietal Lobules ............cccccevevieiinieninienieeee 245

Nondominant Hemisphere in the Parietal Lobules .......c..cccccecvevevinincncnicncnnenne. 246



xviii

15

16

17

Parietal Lobe and Tactile Sensation from the Body..........cccceoenieiiniiiiniinieee 248
Tactile Sensation from the Body: Medial LemniScus ..........ccccccceeeerencenieneennenne. 248
Tactile Sensation from the Head ...........cccooiriiiiiiiiiieee e 249

RETCICIICES ...ttt ettt et ne et et e st et eeeenes 250

Suggested REAdINGS ........coovirieriiiiiiiiiecieeceeeee et e 251
Amygdala, Emotion, Autism and Psychiatric Disorders ...........ccccccceeveevuinvenncne. 252
OlIfactory REfEIENCES. ....cc.viiriiiriiiiieeieeieerie ettt st 253

VASUAL SYSEEIMS ......c.vooiiiiieiiieiieiicicteeee ettt sttt b e s e beesaeseenes 255

Structure Of the EYe ......eoviieiiiieceee ettt 255
Photoreceptor Layer: Rods and COnes...........ccoeeviererienienienienieneeieneeieeeeneeeees 258
Cones: COlor VISION ....c..cuiuieiiiiiiiciiciiciente sttt 259
OPC INEIVE ...ttt sttt sttt ettt et e e eae 260
BIINA SPOL..ciniiieeee ettt 260

ViSUAL PAtNWAY ..ottt 260
Retina and Visual Fields.........ccceoiiiiiiiiiiieeeee e 260
Visual Pathway: OVEIVIEW .........ccoeiiiiiiiiiiiiiiiiieienteeeereeeeee e 261

OCCIPItal LODE....c..eiiieiiiiieiic e 262
Areas in Occipital Lobe-17—19 (V1=5)...ccooiiiiiiiiiieniieteeeeeeeeee e 262
Parallel Processing in the Visual COrteX .........ceveveerienieeniienieniiienieeieenieeieeneneen 262
Effects of Stimulation of Areas 17—19.....c..ccccoviiiiniiiiniinincceceeecee 265
Effects of Lesion in the Occipital Visual Areas ........ccccceeveercversieenieeneenieeieenenenn 266
Occipital Lobe and Eye MOVEMENLS .......ccouerierieiieniiiieniieieniieienieeiesie e 267

Visual Field Deficits Produced by Lesions in the Optic Pathway...........cccccceeienne. 267
Case Histories with Lesions in the Visual System:

Optic Nerve — Optic Chiasm — Optic Radiation — Striate COrtex ..........ccceecvemnenne. 268
RETEICIICES ...ttt ettt eaee 272
Limbic System and the Temporal Lobe ...............cc.ocooiiininiiiiiiniecnene 275
TNETOAUCTION ...ttt ettt e b et et 275
OIfaCLOTY SYSEIM ...cueiiiiiieiiieiieiieeete ettt ettt eee 275
LIMDIC SYSEIM ettt et ettt et et e st e e s eares 276

SUDCOTTICAl STIUCLUIES ....c..eeuiiiieniiriieieriteie ettt ettt 271

Cortical Structures in the Limbic SYStem ........ccccveevieriiiniienieiiienieeieesieeieeeen 279
Principal Pathways of the Limbic SyStem ..........cccceevieriiiiiiniieiienieeiceee e 287

FOTTIIX 1ottt s 287

Circuits in Emotional Brain ...........ccccocviiiiiniiininiiiiiciccecccceeesceen 287
Role of the Temporal Lobe in Learning and Memory ..........cccceceevenieninienienienennes 288

Area 41, The Primary Auditory COrteX.......ccoererruerirnienieenieniieieeieeie e 288

ViSUAl PEICEPLIONS ....cuveuveiiiuieiieiiciieieeieeter sttt ettt s 289

Symptoms of Disease Involving the Temporal Lobe .........c.ccccccveverivvininincncnnns 289

Localization of Regions in the Brain That Subserve Memory........c..ccccoccreeuennene. 293
The Role of the Prefrontal Granular Areas and EmMotions...........cccecvevveeniennieennennne. 296

Functional NeUTOSUIZEIY ....c.eeriiiiiieiieiiierieeiteste ettt ettt sttt et st n 297
The Limbic Brain as a Functional System..........ccccoovieriiriiiniiiiienieeceneceieesee e 299
RETETEICES ...ttt ettt 300
Higher Cortical Functions...............coccocoooiniiiiniiiiniieccecceece e 305
Cerebral Cortex and Disturbances of Verbal EXpression..........cocceceveevenieneniennenne. 305
Cerebral DOMINANCE ........c.coeoieiiiiiiiiieicietee ettt 305

DeveloPmMENt ASPECES. .....coueetiriieiirtieniieitente ettt ettt ettt ettt sttt st e e eae 306
Aphasia: Dominant Hemispheric FUNCHONS ........c.cooiiiiiiiiiiiniecnececeeee 306

NONfIUENE APRASIAS ..c.evveiieiieiieiiciieteieet sttt 309

The FIUeNt APNasias.......cccecvereeieiririninentisteeententetetetetet ettt 312

Contents



Contents

Nondominant Parietal Hemisphere FUNCHONS .........cccooieieniiienieiiniecceceee
Role of Corpus Callosum in Transfer of Information............cccoeceienieniniiinenenenne.
RETEIEIICES ... .eveiiiiieieietetereee ettt ettt ettt ettt e be e e
Suggested REAdING........c.cooviiiiiiiiiiiiiieeeeee e e

Part III The Non-Nervous Elements

18 Meninges, Ventricular System and Vascular System..................cccccevvvevrerierennnnns
Meninges Coverings of the Brain .........ccoccoceviiviiniininiininiienicieccecceeeeee
DUTA MIALET ...c.eeiiiiiiiiiiiieeiiet ettt ettt et e
ATACHNONA ...ttt

PIa IVLALET ..ot et
VentriCULAr SYSTEIM .. .eiiiitieiiitieieet ettt ettt sttt sttt et ee et st et et e e enee
Blood Supply t0 the Braif.........c.oeoueruieiinieiinieiesieee e
Arterial Supply to the Brain .........ccccocceviviiininininicnccicceceeeeeeeese e
Venous Circulation of the Brain...........ceccevieiiirieienieieseieeeeeee e

19 Vascular DISEASES .............o.cooviiiiiiiiiiiiieieeeeee s
OVEIVIEBW ..ottt ettt ettt ettt et e st st s s et eneeasenaeenee
Occlusive Cerebrovascular DISEASe .......c..cecuevieiirieniireenienieenieieereeeeesee e

DEfINITIONS ..ottt sttt
ROIE Of ANASTOMOSES. ...cuveiuieiiriiiiieitiniteteeteete sttt ettt ettt
Types of Ischemic Occlusive DiSEase .........coovereevieriinierienienieeneeeeecieeeeeeaee
Clinical Correlates of Vascular Territories-Syndromes ............coceeeeeverenveneeeenene
Internal Carotid Artery (ICA) c.ooiiiiiiieieieeeee e
Middle Cerebral Artery Syndromes: The MCA Is the Major Terminal
Branch of the Internal Carotid Artery (ICA)......cooeeiererieneeieeeeeeeee e
Anterior Cerebral Artery Syndrome (The ACA Is the Smaller Terminal
Branch of the ICA) (Fig. 19.4) ..ottt
Posterior Cerebral Artery Syndromes...........cccoceeeerienenienienieneneereneereereneeens
Vertebral and Basilar Artery Syndromes of the Brain Stem .......c...cccceceeeeennee.
Intracerebral HEMOTITRAZE .......vevvieiiiiiieiieeieeeee et
Subarachnoid HEMOTTRAZE ........ccveeviieiiiiiieieeie e
RETEIEICES ..ttt

20 General Case Histories from the CNS-Problem Solving.............cccccooviniinnnnn.
Case HiStOTY 20. 1 ...c..eiiiiieieiiieieeteeetee ettt et
Neurological EXamination .........c..cocceoieieniriieneenenteieneeiesitee et
QUESTIOMNS ...t ettt e et e e et e e et e e e et e e e eateeeenaeeeeteeeeeaeeeeeaseeeeaaeeean
Clinical DIAZNOSIS .. .eveeueiiieiieiietietiett ettt ettt sttt et e e st e b e e e enes
Laboratory Data .......cocueeiiiiiiiieciieeeceee e
(610)111111S) 1L S PO PRSPPSO
Case History 20.2 (Patient of Dr. John Sullivan) .........cccccoeveeiiiiiiiniinniinieiieneenne,
Neurological EXamination .........cocueecueeriiiieenienieenienieesieeeee et eiee st
QUESTIONS ...ttt eetiee ettt e ettt e et e e ettt e e bt e etbeeeeebeeeeaabeeeasaeesseseassaeesasseeansseeassaeessseaans
ClNICAl DIAZNOSIS c.vveeuvieriiieiieeiiteite et eite ettt sttt e st e et e sabe et eesabeebeeseseeseesaneen
Laboratory Data .......ceoieiciierieeiieiie ettt st en
COMUIMENL ...ttt ettt et et sttt et bt et s bttt sbe et eae e e eae
Case HiStOry 20.3 ..ottt ettt
Neurological EXamination .........c..coceeoirienirienieneneeieneeiesitee st
QUESTIONS ...ttt e e et e e et e e e eaae e e eateeeeaaeeeeteeeeesaeeeeaseeeeaseaeas
Clinical DIAZNOSES ...c..eeveerieiieiieiieiiertt ettt ettt te sttt sttt et et e st eaeesbe e e e seeenes
Laboratory Data .......coceeiiiiiiiiieiieeeee e
(610)111111S) 1L T O P PO P TP OPRRRTPIOT

345

347



XX

Case HIStOTY 204 ..ottt sttt sttt eae 348
PaSt HISTOTY .ottt ettt et 348
Neurological EXamination ............cocceeririnienienienienienieieieneeeeeeeceeeeresie e e 348
QUESTIONS ...t eeeee ettt e eiteeeiee e et e e ettt e e e e e s ebeeeessbeeessaaeessseeeassaeessssasensseennssaeensseeans 349
Clinical Diagnosis (Relevant Acute Diagnosis).....c..ccccceceeevereecieneenieneenieeeennene. 349
Laboratory Data .......cocuieiiiiiiinieeieeieeee et 349
COMMENT ..ottt 349

Case HIStOTY 20.5..ccuiieiieeieeiieeieetee ettt ettt ettt ettt et e et e e esaneeanes 349
Neurological EXamination .........c..ceccevirieniriineinieneeieneeieneeesie e 349
QUESTIONS ...ttt et et e e ettt e et e e e v e e e etaeeetaeeeaseseearaeeeasaeessseeesseeenaseeans 350
Clinical DIANOSIS ....eveeuvirtieiiniieiieiieieeitet ettt sttt sttt 350
Laboratory Data ........cocooueiiiiiiieeeeeee e 350
(010711 1111S) 1L PR RSRTRRURTRRRPR 350

CaSE HIStOTY 20.0.....eiiiiieieiieiieie ettt ettt sttt ettt ettt e e enee 351
Past HISEOTY ..c.veruiriieicicteteet ettt ettt s 351
Neurological EXamINatiON ..........ccueiieriieieniieienieeieeiete e 351
SUDSEQUENT COUISE ...ttt ettt ettt st s 351
QUESTIONS ...ttt eetiee ettt e et eeeeitee e et e e etbeeeabeeesebeeeessbeeessaeassseeenssaeeassseesnssesanssaesnsseaans 351
ClNICAl DIAZNOSIS . .veeuvieiiieiieriieeiie ettt ettt ettt ettt st e st ebeesibeebeesane s 351
COMMENT ..ottt 351

CaSE HISOTY 20.7 ..eeuiieiieeieeite ettt ettt ettt ettt st e st eete e saaeebeessseenbeenaneenses 352
PaSt HISTOTY ..evieiiiieiietetet ettt 352
Neurological EXamination .........c..coccevirieniriienennieniiienceiesieeeseee st 352
HOSPItA]l COUISE ....euventieiiiiieiieiieteet ettt sttt sttt sttt 352
QUESTIONS ...ttt ettt ettt e e et e e et e e et e e e eaeeeeeaaeeeetaeeeesseeeeaseeeaaneeeas 353
Clinical DIANOSIS .. .eveeueitieiietieiietiete ettt sttt sttt sttt sae e b e e enes 353
(600)111111S) 1L O OO PO STOP TV PTOPRRTPIOT 353

Case HiStOry 20.8......coviiiiiiiieiieeeee ettt 353
Past HISTOTY ...ceeeiieieiie e s 353
General EXamination.......c...cc.eoieoiirieniiiienineneeeneerene et 353
Neurological EXamination .........coccueevueeriienieenieniieiienie ettt eiee e eiee e s 353
QUESTIONS ...ttt ettt ettt e et e ettt e e et e e et e e et e e e s tbeeeeaabeeetaeeasbesenssaeesasaeesnsseeesseeennseeans 354
Clinical DIANOSIS ....eveeuveriieiiiniieiiniteieetente ettt sttt sttt 354
COMIMENT .....iiiiiiiiee ettt ettt s 354

Case HiStOTY 20.9...c..eiiiiieieeiieeeteee ettt 354
Neurological EXamMINation .........ccoeeierierieriieienieeienieeie e nie st enenieens 354
SUDSEQUENE COUISE .....eeueieieniiiiieie ettt ettt ettt este sttt et e e saeeeeseeeeesaeebesaean 354
QUESTIONS ...ttt et e e e et e e et e e e et e e eeaee e eteeeeeaaeeeenreeeeaneeean 354
Clinical DIagNOSIS ....cveuveuieieieiieiieiteieenerte ettt ettt ettt 354
(010)111111S) 1L O OO P O OPTUPTOPRRRTPIOT 355

Case HiStOTY 20.10 .. .couieiieeiieeieeiee ettt sttt ettt e 355
Neurological EXamination .........coceeeueeriinieenienieenienie ettt 355
Laboratory Data .......cccuieiiieiieiieeiieeeeeee et e 355
QUESTIONS ...ttt e ettt e et ee ettt e et e e et e e etbeeesebeeeeabbeeetaaeeeseeesssaeesassaeensseeesseeenaseaans 355
Clinical DIANOSIS . ..cveeuviriieiiiniieiieieeteetente ettt sttt ettt 355
COMIMENT .....iiiiiiiieic ettt ettt 355

Case HiStOry 20. 11 .c..eeiiiiiiiiiieieeeeete ettt 356
PaSt HISTOTY ..ottt sttt 356
General Physical EXamination ..........coeecuerierinienenieiencesieee e 356
Neurological EXamination ............ccccevieienieiieneeieneeie et 356
QUESTIONS ... eeeveeeiieeeteeteeeteesteeeeteesteeeaeebeessbeeseessseesaeesseensaassseenseessseanseessseensaenssean 357

Clinical DIa@NOSIS ....c..eeviiuieiiiieiieiiett ettt 357

Contents



Contents

21

XXi
(010711 11115) 1L OO UUOSU PR RSUTRRPR 357
Case HiStOTY 20. 12 ettt sttt ettt b et e e enee 357
Past HISEOTY ..c.vevitiieieicceceetete ettt ettt s 358
General Physical EXamination ..........coccecuevieiiiieiiiieniciiecceeeceese e 358
Neurological EXamination ............coccoieviiniiiiinienenienieneereseereeeene e 358
Laboratory Data .......cccueeiiiiiiiiieeiieeeee et 358
QUESTION .eetiieiiiee ettt e ettt e et e e ettt e et e e e e beeeeaabeeeabaeesbeeeessaeesssseeansseeessaeensseaans 358
SUDSEQUENE COUTSE .....veeniiieniieiieeiiieniteeteesteeeteesieesbeesteesabeesseessteensaessesseesasesseeses 358
QUESTION L.ttt ettt e et e et e e e e e e et e e etaaeestbeeeeasaeeeasseesnsseeasseeesaseeans 358
SUDSEQUENE COUISE ..ottt ettt sttt ettt s e e sbee e saees 358
QUESTION ..ttt ettt ettt eet e e et e e e et e e eetaeeeetbeeeeateeeetaeeeaseeeeaseeenaneaaas 358
Neurological EXamination .........c..cocceoereieniiiieneeienieienceie sttt 359
QUESTION L.uviieitieiieeeieetee et esteeeteesteeesaeebeessbeeseessseesseessseensaeesseenseesssaenseessseeseenssenn 359
SUDSEQUENE COUISE ...ttt ettt sttt sttt ettt ettt sae b sbe e 359
QUESTIONS ...vteuvieiieeeteeiee et esteeeteesteeeaeesseeesbeeseessseesseessseesaaasseenseessseenseessseensaenssenn 359
Clinical DIaGNOSIS ....cueeviriieiiieiiiiieiecte ettt 359
COMIMENL ...ttt ettt et et et e ene e 359
Case HiStOTy 20.13 . ..ottt ettt st ettt et 359
Past Medical HiStOTY .....c.c.eovieriiiiieiieeiiesieei ettt ettt st e n 360
Family HISTOTY cuveiiiieiieiiieiieete ettt ettt ettt st ettt sane s 360
Neurological EXamination .........c..ceceoieiiniriineeninieeneeieseeeee et 360
QUESTIONS ...ttt et e et e et e e et eeetbeeeeaaee e tbeeeeasaeeeasseessseeesseeesaseeans 360
Clinical DIANOSIS . ..eveeuviriieiiniieiieiieieete ettt sttt ettt 360
Laboratory Data .......cc.coouiiieiiiiieiieieeeee e 360
SUDSEQUENE COUISE .....eueieienieeiieie ettt ettt ettt stesbe et saeeeesbeeneesneeaeeaeas 360
(010711 1111S) 1L SRR 361
Case HiStory 20.14....c..oouiiuirieieieieeeetetetet ettt 361
Neurological EXamination ............ccccoieieniiiiinieiinieieneeieseeeee et 361
QUESTIONS ...ttt ettt ettt ettt ettt e st et e sttt e bt e sab e ebeesabe st e e sabeeabeessbeeseenanean 362
ClNICal DIAZNOSIS . .veeuvieriiieiieeiieeite ettt ettt et sttt et e st eaeesane s 362
Laboratory Data .......cocuieiiieiieeiieiieeieee ettt n 362
COMMENT ......oiiiiiiieiciciee ettt 362
RELEIEICE ... 362
Movies On The Brain..............cccooiiiiiiiiicccc e 363
Neuroanatomists, Anatomists, Neurosurgeons and Neurologists........c..ccceveeeenneene 363
The Neuroanatomy Lesson: Film: Young Frankenstein................cccocevcieveencnnne. 363
The Provision of Cadavers for Dissection. Film: The Body Snatcher................... 363
The Activities of the Neurosurgeon. Film: The Man with Two Brains................. 363
The Creativity of the Neurologist. Film: Freud ...........ccocoevevcoenieceecncnenenncnn, 363
The Neurological Examination. Film: The Fortune Cookie.................................. 364
Developmental DiSOTAETS.........ccuiviiiieiiriieiinieienieeie et 364
Neurological Disorder: Reduced Intellectual Capacities. Film: Charley.............. 364
Neurological Disorder: A Blind Deaf and Mute Infant After Fever.
Film: The Miracle WOTKer............cccocoveeviriiniiiiiiniiiinieeienieeteeteieeeenee e 364
Neurological Disorder: Autism. Movie: Rainn Man.............c..cccoeceevenveencnnecncnnne. 364
Neurological Disorder: Limited Intellectual Function Associated
with Limited Capacity for Emotional Expression and for Recognition
of Emotional Expression: Possible Asperger’s Syndrome.
FAlM: BTG THETC. ..ottt st e st saeestaeesaesee e 364
Neurological Disorder: Developmental Disorder Affecting Intellectual
and Motor Function. Film: FOrrest GUIMPp............cccoeoeeveeiesieieieee e 364

Spinal Cord/Brain Stem DiSOIders..........ccccocviiiiiiiiiiiiniiiiiiiciiicccccce s 364



XXii

Neurological Disorder: Traumatic High Cervical Spinal Cord Transection
Producing Quadriplegia: Ethical Issues: The Rights of the Patient
to Make Decisions About How Long to Continue Life Support.

Film: Million Dollar Baby ...............c.cccccooieviniiciniiiiinieiieeecie e 364
Neurological Disorder: Traumatic High Cervical Spinal Cord
Compression Producing Quadriplegia: The Bone Collector..............cccueveueeucen. 365
Neurological Disorder: Traumatic Cervical Cord Transaction
Producing Quadriplegia. Film: Whose Life is it ANyWaY .......ccccoovevevceeneenceeennnnns 365
Neurological Disorder: Thoracic Spinal Cord Injury. Film: Passion Fish............ 365

Neurological Disorder: Poliomyelitis (FDR Subsequently Died
of a Hypertensive Intracerebral Hemorrhage). Film: Sunrise

AL CAMPODELLO.......o.eeeeeeeeeeceeeeeie ettt te et e ae et e s teesaeesbeesseesnseennes 365

Neurological Disorder: Amyotrophic Lateral Sclerosis. Film: Pride

Of THE YANKEES ...ttt sttt s e e beeeasaenaee e 365

Neurological Disorder: Amyotrophic Lateral Sclerosis. Film: Tuesdays

W MIOTFIC ..ottt ettt ettt ettt s be e st ebee e 365

Neurological Disorder: Locked in Syndrome Due to Basilar

Artery Thrombosis. Film: The Diving Bell and the Butterfly..........ccccovvvvvveeenueene 365
Disorders of Motor Systems and Motor CONtrol ...........ceeceerieereenieeneenieeieenieeane 366

Neurological Disorder: Cerebral Palsy: Spastic Diplegia

and Choreo-Athetosis. Film: My Left FOOL...........oooueiiercieiieiiiiesieecieenieeeieenieens 366

Neurological Disorder: Parkinson’s Disease. Film: Awakenings.............c..c........ 366

Neurological Disorder: Obsessive-Compulsive Disorder, Psychosis
and Post-Traumatic Disorder with Complex Partial Seizures:

FAIM: THE AVIGIOT ...ttt 366

Neurological Disorder: Obsessive-Compulsive Disorder Plus

Personality Disorder. Film: As GOod As It GetS.......c.coeveveneenecaueieeeineeenennenn, 366

Neurological Disorder: Huntington’s Disease. Films: Bound For Glory

ANA AlICE’S RESIAUIANL. ...t 366
Cerebral COTeX ......ooiiuiiiiiiiiiiiiiiicc e 366

Neurological Disorder: Foreign Arm/Hand Syndrome.
Film: Dr Strangelove Or: How I Learned To Stop Worrying and Love

THE BOMD ...ttt sttt 367

Problems in Reading. Film: The Reader ..............cccocuevercuininciineeninienineencnne 367

A Possible Acute Syndrome of the Corpus Callosum. Film: All of Me................ 367
LIMDBIC SYSEIM ...ttt ettt 367

Neurological Disorder: Prefrontal Lobotomy/Psychosurgery.

Film: Suddenly Last SUMIET ...........cccoooueiirieiiiieseeesieee et 367

Neurological Disorder: The Effects Of Neuroleptics, Electroshock
Therapy and The Complications Of Prefrontal Lobotomy.

Film: One Flew Over The CUCKOO’S NEST........cccueevueeieiriiiiieniiesieeieesieeeieesiee s 367
Cerebrovascular DISEASE .........cecueeieriirieniieienieienteee et 368

Neurological Disorder: Massive Stroke. Film: Wilson..........cccccovvevviiniinnenncenns 368

Neurological Disorder: Massive Stroke Producing Irreversible Coma.

FIIM: DAVe....c..ooiiiiiiiiiiiiiieee et 368
Brain TIAUMA ..c..ooveiiiiiiiiiieeeeeeteeete ettt sttt 368

Neurological Disorder: Traumatic Frontal Lobe Injury.

Film: Regarding HENTY .........cccueecueeecuieeiieiiiesieeeieesieeseeesieeseeesseesesessseesssessaeseeens 368

Neurological Disorder: Post-Traumatic Short Term Memory Loss

due to Right Temporal Lobe (Hippocampal) Damage Which Spares

Her Amygdala. Film: 50 First Dates (A.K.A 50 First KisSes)........ccccccceeeeeuevunncn. 368
Neurological Disorder: Brain Trauma Producing Coma.

Film Fantastic VOYAGe ..........ccceovueeciiiiiiiiieiieiteeeeieeseete sttt 368

Contents



Contents xxiii

Neurological Disorder: Post-Traumatic Acrophobia Triggering Vertigo.

FAIM: VEITIGO.c..e ettt 369
Brain Tumors and Increased Intracranial Pressure ...........cocovevieiinienieienieeiene 369

Neurological Disorder: Brain Tumor. Film: Dark Victory.............ccccccceveeencnee. 369

Neurological Disorder: Glioma in an Adolescent. Film: Death Be

INOT PYOUG ...ttt sttt 369
INFECHIONS. ...cviiiiiiiiiici e 369

Neurological Disorder: Severe Neurological Disability and Death

Following Partially Treated Bacterial Meningitis. Film: The Third Man ............. 369

Neurological Disorder: Neurosyphilis (General Paresis) Producing

Dementia and a Change in Personality. Film: Young Winston .............cccccccoc..... 370

Neurological Disorder: Syphilis. Film: Dr Ehrlich’s Magic Bullet...................... 370

The Story of Louis PaSteUr.........cccoiiiiiiiniiiiiiee e 370

()1 I (11 < ST 370
Toxic and Metabolic DiSOIAErS .......ccueeiiruieiirieie ettt 370

Neurological Disorder: Metabolic Induced Psychosis. Film: The Hospital ......... 370

Neurological Disorder: Drug Addiction: Barbituates Plus.

FAilM: DeAA RINGETS ..ottt ettt s 370

Neurological Disorder: Cocaine Addiction. Film: The Seven-Percent

SOIULION ...ttt sttt 371

Neurological Disorder: Acute Arsenic Poisoning and Criminal Psychosis.

Film: Arsenic and Old LACe.................ccccccccreeviniiniiiiniiniiniieieeeeceeeent e 371

Neurological Disorder: A Metabolic Disorder (Porphyria).

Film: The Madness of Kifg GEOTZE ........ccueecueeieeeciieiieeeieeeiieeieeseeeiveesiveeveenaneens 371

Neurological Disorder: Mercury Poisoning. Film: Alice in Wonderland.............. 371

Neurological Disorder: Effects of Hallucinogens and Sleep Deprivation.

Film: AIL7ed STATES ...ttt 371

Neurological Disorder: Severe Alcoholism with Alcoholic

Withdrawal Syndrome. Film: The Lost Weekend..................cccooevvevuinvvenincucncnnne. 371

Neurological Disorder: Alcoholism and Acute Withdrawal.

Film: Days of Wine and ROSES ...........ccccovcuevieiiieeiiiiiiiisiieeeiesiie e sie e eveeniee s 372
DiSOrders Of MYEIIN ....cc.uieiiiiiiieiieiie ittt sttt st ettt e e s e 372

Neurological Disorder: Progressive Multiple Sclerosis.

Film: Jackie Qnd HIlATY.........ccooeoveeeiiiiieiieeie ettt sve e sve e 372

Neurological Disorder: Adrenoleukodystrophy: A Disorder
that Affects Brain, Spinal Cord and Peripheral Nerves as well as the Adrenal

Gland. There is Defective Formation of Myelin. Film: Lorenzo’s Oil.................. 372
Seizures and EPIlePSY -...ceevieieriiiieieeiereee et 372

Neurological Disorder: Temporal Lobe Seizures with Secondary

Generalization. Film: The Terminal Man.................c.ccccccoceviecuinieninvecnieecneene. 372

Neurological Disorder: Post-Traumatic Focal Motor Seizures

with Secondary Generalization. Film: Cleopatra ...............ccccoceevveviveniinnennennns 372

Neurological Disorder: Generalized Convulsions and Learning Disabilities.

FIIM: THE LOSE PFITICE.......coueeiieeiiiieiiiniieiieteit ettt 372

Neurological Disorder: Seizures Induced by Photic Stimulation

and Sleep Deprivation. Film: The Andromeda Strain ................ccooccvveevccnvcncnune. 372

Other Films in this CateZory ......cc.eeiiriiriiniiienieie ettt 373
COMA ..ttt st b e sttt ettt e be b s sae 373

Neurological Disorder: Anoxic Encephalopathy. Film: Coma............................ 373

Neurological Disorder: Irreversible Coma Following Insulin Overdose.

Film: Reversal Of FOTTUNE. ........c..cc.ccuceueeeieiiieieininieiteeneseeeete et 373

Neurological Disorder: Anesthetic Accident Producing Anoxic
Encephalopathy With Irreversible Coma. Film: The Verdict ..................ccc.c..... 373



XXiV

IMIBIMOTY ...ttt ettt et st s e et s bttt e b e e beesaaeeane 373
Neurological Disorder: Alzheimer’s Disease. Film: I7is .......cccoocvevvnienincennnee. 373
Neurological Disorder: Dementia Beginning with Problems in Driving.

Film: Driving MiSS DAiSy..........ccccocuemieiuiniiiiiiiiieniieieneecie ettt 373
Neurological Disorder: Short Term Memory Loss. Film: Memento..................... 374
Other Films in this Category Dementia ...........ccocueevierieeiiienieniieenieeieenieeieee 374

Part IV Atlas

22 Descriptive Atlas of the Cerebrum in Gross Sections and Stained Sections ...... 377
Coronal and Horizontal Sections of Gross Brain Labeled........c...ccccoceviniininnncne. 377
Myelin-Stained Labeled Sections of the Brain...........c.ccooceviiieniiiinienininiceee 377

COTONAl SECHIOMS ....vvieiieeiiieiieeieeriie et et e ete et e ebeesteestaeesbeessaeesseessseeseessseeseenssens 377
HOTIZONAl SECHOMNS .....vieiiieiieeiieciie ettt ettt eeete e eebeesaeebeessbeesaennne s 377
SAILAl SECHIONS ...ttt ettt ettt er e seen 377

Contents



Partl

Essential Organization of the Central
Nervous System



Introduction to the Nervous System

The brain is the part of the central nervous system that is housed in the cranium/skull.
It consists of the brain stem, diencephalon, cerebellum, and cerebrum. At the foramen magnum,
the highest cervical segment of the spinal cord is continuous with the lowest level of the
medulla of the brain stem. The 12 cranial nerves attached to the brain form the upper part of
the part of the peripheral nervous system and record general sensations of pain, temperature,
touch, and pressure but in addition we now find the presence of the special senses of smell,
vision, hearing, balance, and taste. The blood supply to the brain originates from the first major
arterial branches from the heart insuring that over 20% of the entire supply of oxygenated
blood flows directly into the brain.

Human beings enter the world naked but equipped with a
nervous system that, with experience, is ready to function in
almost any environment. One word summarizes the function
of the nervous system: “reaction.” The central nervous sys-
tem (brain and spinal cord) monitors and controls the entire
body by its peripheral divisions, which are distributed to all
the muscles, organs, and tissues. The brain has an advanta-
geous site in the head and above the neck, which can move in
about a 140° arc. Close to the brain are all of the specialized
sense organs, which permit us to see, smell, taste, and hear
our world. The central nervous system is protected by fluid-
filled membranes, the meninges, and surrounded by the bony
skull and vertebrae.

The Neuron

The basic conducting element in the nervous system is the
nerve cell, or neuron (Fig. 1.1). A neuron has a cell body,
dendrite, and axon. The cell body contains many of the
organelles vital to maintain the cells structure and function,
including the nucleus and nucleolus, and is considered the
tropic center of the nerve cell. The dendrites extend from the
cell body and increase the receptive surface of the neuron.
The axon leaves the cell body and connects to other cells.
Axons are covered by a lipoproteinaceous membrane called
myelin that insulates the axons from the fluids in the central

S. Jacobson and E.M. Marcus, Neuroanatomy for the Neuroscientist,

nervous system. The site of contact between the axon of one
nerve cell and the dendrites and cell body of another neuron
is the synapse (see Chap. 2). The cells in the nervous system
are classified based on their shapes: unipolar, bipolar, and
multipolar (Fig. 1.1; Table 1.1). In the central nervous sys-
tem, the nerve cells are supported by glia and blood vessels;
in the peripheral nervous system, they are supported by sat-
ellite cells, fibroblasts, Schwann cells, and blood vessels.

There are three basic categories of neurons: (1) Receptors,
the ganglia of the spinal dorsal roots and of the cranial nerves
with general sensory components; (2) Effectors, the ventral
horn cells, motor cranial nerve nuclei, and motor division of
the autonomic nervous system; (3) Interneurons, the vast
majority of the neurons in the central nervous system. The
areas in the central nervous system that contain high num-
bers of neuronal cell bodies are called gray matter, while the
regions that contain primarily myelinated axons are called
white matter. Neurons are organized into ganglia, nuclei, or
layered cortices.

Ganglia. Sensory ganglia are found outside the central
nervous system and contain the first order neurons in the
sensory systems, and they are the dorsal root ganglia on the
32 segments of the spinal cord and the sensory ganglia on
Cranial Nerves V, VII, VIII, IX, and X.

Motor/autonomic ganglia are found throughout the body,
and they are either sympathetic or parasympathetic ganglia.

DOI 10.1007/978-1-4419-9653-4_1, © Springer Science+Business Media, LLC 2011
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Unipolar

Anatomical axon, —
physiological dendrite

Nucleus

Nucleolus Axon

Cell body —

Axon hillock

Fig. 1.1 Types of neurons in the central nervous system. The cells in
the nervous system are classified based on their shapes: unipolar, bipo-
lar, and multipolar. The input (red) reaches the dendrites of each cell

Table 1.1 Types of neurons in the nervous system

Neuronal type Neurons (%) Location

Unipolar 0.5 Dorsal root ganglia of
spinal cord
Cranial nerve ganglia of
brain stem
Mesencephalic nucleus of
CN V in midbrain
Bipolar 0.05 Retina, inner ear, taste buds
Multipolar
Peripheral 0.5 Autonomic ganglia
Central 99.8 Brain and spinal cord

Nuclei. Throughout the brain and spinal cord there are groupings
of neurons with a common function, these are the nuclei. They
are found throughout the spinal cord (ventral and dorsal horn),
brain stem (cranial nerve nuclei, reticular formation) and
diencephalon (nuclei of thalamus, hypothalamus, subthalamus,

Bipolar

Multipolar

Nucleolus
{\-Nucleus

Nissl body

Axon hillock

and is then transported (blue) into the axon where it connects to the next
neuron via a synaptic interruption

and metathalamus), basal ganglia (caudate, putamen, globus
pallidus, substantia nigra), and in the cerebral cortex
(amygdaloid nuclei).

Lamina. In the cerebral cortex, cerebellar cortex, and supe-
rior colliculus, the gray matter is on the surface and organized
anatomically into horizontal columns and physiologically
into vertical columns permitting a nearly infinite number of
interconnections.

The Senses. Aristotle distinguished five senses: hearing,
sight, smell, taste, and touch. Modern neuroscience, how-
ever, includes the five special senses (balance, vision, hear-
ing, taste, and smell) and the four general senses (pain,
temperature, touch, and pressure). Humans have evolved a
series of specialized receptors for each of these different sen-
sory functions (Table 1.2) The special sensory apparatuses
are found in the head: the eye and its protective coverings
and muscles, the membranous labyrinth in the temporal bone
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for hearing and balance, the nose with olfactory receptors,
and the tongue with taste buds The receptors for general sen-
sation (mechanicoreceptors, nociceptors, and thermorecep-
tors) are located primarily in the bodies’ largest organ, the
skin. Certain areas, e.g., the lips, fingers, feet, and genitalia,
have a proliferation of the tactile mechanicoreceptors.
Everywhere except on the soles and palms we have hair,
which is an important tactile receptor but is continually being
depleted by our concern for grooming. The pain receptors, or
free nerve endings in the skin, are located throughout the
body, but probably more receptors are in the skin over the
face, lips, hands, and feet than over the rest of the body. As
you review the receptors in Table 1.2, sense on your own
body how the soles are especially good for feeling pressure

Table 1.2 Sensory receptors

Class of receptor Function Location
Chemoreceptors Taste Taste buds on tongue
Smell Olfactory mucosa in
nose
Mechanicoreceptors Balance Inner ear — semicircular
canals
Sound Inner ear — cochlea
Tactile discrimination  Skin, muscle, tendons,
and pressure joints
Nociceptor Pain Free nerve endings in
skin and organs
Thermoreceptor Temperature Skin, tissues, and
organs
Merkel's
Discs

Plexus
around
Hair Follicle

Pacinian
Corpuscle

Nerve
Endings

Fig. 1.2 Hairy skin showing receptors

Neuro- J\
muscular Meissner’s Organ of
Junction

and placing the body safely in light or darkness and the
fingers and face are sensitive to touch and temperature.
Remember that we have only discussed the skin receptors so
far, which respond to external stimuli. However, there are
also similar receptors within the respiratory, cardiovascular,
endocrine, gastrointestinal, and urogenital systems that mon-
itor our internal milieu.

Muscles. The 640+ muscles in the body form the bulk of the
body and consist of three different functional and histologi-
cal entities: skeletal, smooth, and cardiac. Skeletal muscles
are found in the head, neck, arms, legs, and trunk and permit
us to undertake voluntary movements. Smooth, or unstriated,
muscles are found in the viscera, blood vessels, and hair fol-
licles. Cardiac muscles form auricles and ventricles of the
heart (Fig. 1.2).

Each muscle group has a specialized nerve ending that
permits the impulse carried down the motor nerve via a
peripheral nerve to stimulate the muscle through release of a
specific chemical. Contraction of the three muscle groups in
response to sensory information originates from the central
nervous system via the efferent/motor peripheral nerves.

The general and special sensory receptors in the skin pro-
vide the afferent nerves that carry sensory information to the
spinal cord and brain. The brain often analyzes the sensory
input before the muscles, which are controlled by the effer-
ent nerves carrying information from the brain or spinal cord,
make a response. These integrative functions of the central
nervous system form the bulk of the discussion in this book.

) Organ of

Golgi-Mazzoni

Corpuscle
of Ruffini

Corpuscle  Krause



The Nervous System

The nervous system consists of a Peripheral and Central
division. The central nervous system (brain and spinal cord)
is surrounded by fluid-filled membranes (meninges, see
Chap. 16) and housed in either the bony skull or vertebrae.
By contrast, the peripheral nervous system that brings infor-
mation from and to the central nervous system lacks a bony
covering but is protected by the fascia, skin, muscles, and
organs where it distributes. Sensory information enters the
central nervous system through the afferent divisions of the
peripheral nerves.

Peripheral Nervous System

Peripheral nerves are found everywhere in the body: skin,
muscles, organs, and glands. Peripheral nerves originate from
either the spinal cord or brain. The peripheral nervous system
is divided into a somatic and a visceral division. The somatic
division innervates the skin and skeletal muscles in the body.
The visceral or autonomic division innervates the cardiac
muscles of the heart and the smooth muscles and receptors in
the blood vessels and gastrointestinal, respiratory, urogenital,
and endocrine organs. The details of the peripheral nervous
system are usually taught as part of Gross Anatomy, so the
student may want to review an anatomy text.

Central Nervous System

The central nervous system consists of the spinal cord and
brain (brain stem, cerebellum, diencephalons, and cerebrum).
The organization of the gray matter varies in each of these
regions. Attached to all of the 32 segments of the spinal cord
and the brain stem are sensory ganglia that form the first link
in the sensory system and bring the sensory information into
the central nervous system. Motor axons exit from each of
the 32 segments of the spinal cord and all levels of the brain
stem and connect the central nervous system to all muscles
and organs in the body. In the spinal cord, much of the brain
stem and diencephalon the neurons are organized into nuclei
while in the superior colliculus of the brain stem, cerebel-
lum, and cerebrum the neurons are organized anatomically
into layers and functionally into vertical columns (Fig. 1.3).

Spinal Cord

The spinal cord is the portion of the central nervous system
that lies in the vertebral canal from the upper border of the
atlas (first cervical vertebrae) to the lower border of the first
lumbar vertebrae in the adult (or third lumbar vertebrae in
the neonate). The spinal cord has 32 segments divided into five

1 Introduction to the Nervous System

regions — cervical, thoracic, lumbar, sacral, and coccygeal —and
these regions innervates specific regions in the neck and
upper extremity (cervical segments), thorax and abdomen
(thoracic levels), anterior leg and thigh (lumbar segments),
buttock, and posterior leg and thigh (lumbar segments).This
ordered relationship between the spinal cord and body pro-
duces a somatotopic organization throughout the central ner-
vous system.

In the spinal cord, the parenchyma is organized into col-
umns of gray and white matte with the gray matter centrally
placed and surrounded by the white matter. This organiza-
tion is not evident as one looks at isolated cross-sections, but
when these sections are reconstructed serially this columnar
organization in the gray and white matter is apparent. The
columns of gray matter in the spinal cord appear in the shape
of a butterfly and are called horns and are divided into a dor-
sal sensory horn, a ventral motor horn, intermediate zone,
and commissural region. The largest neuronal cell bodies are
found in the ventral horn (ventral horn cells), whose axons
form the efferent division of the peripheral nervous system
and innervate the skeletal muscles (Fig. 1.4).The white mat-
ter of the spinal cord is divided into three columns: anterior,
posterior, and lateral. The pathways interconnecting the spi-
nal cord and brain are found in these columns.

The spinal cord has a tubular shape and has two regions of
enlargement, the lower cervical that controls the upper
extremity and the lumbosacral enlargement that controls the
lower extremity.

Brain

Brain Stem

The columnar organization seen in the gray and white matter
of the spinal cord is modified in the brain stem by the devel-
opment of the ventricular system and the presence of the
cranial nerves.

The brain stem (Fig. 1.5) consists of three regions from
inferior to superior: medulla, pons, and midbrain. The brain
stem is often the most difficult region of the central nervous
system for the student to learn because of the presence of
the cranial nerves and associated nuclei. You may initially
feel overwhelmed by its intricacy but be patient. Approach
neuroanatomy as you would a foreign language: first master
the vocabulary and grammar before becoming fluent in
conversation.

Reorganization of gray and white matter from spinal cord
gray to tegmentum of brain stem. In the center of the brain
stem, the narrow spinal canal enlarges forming the wide
fourth ventricle that divides each level of the brain stem into
a region forming the floor of the ventricle of tegmentum and
a region that form the roof of the ventricle the fectum (con-
sists of cerebellum, inferior and superior colliculi). The
region that lies on the most anterior surface of the tegmentum



