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Foreword



Joseph R. Duffy, PhD, BC-ANCDS, Professor, Mayo College of Medicine, Member, Division & Section of Speech Pathology, Department of Neurology, Mayo Clinic, Rochester, Minnesota


Speech, language, and the ability to communicate play enormous roles in our social, emotional, and intellectual lives. Communication is so much a part of who we are that the wonder of these skills seldom earns our conscious attention.


Having opened this book, it is likely that you have chosen to learn about what happens when, because of neurologic disease or injury, the ability to communicate is impaired. Such impairments are powerful. They can disable, handicap, and devastate. It is one of life’s useful ironies that our speech and language ability permits us to study the effects of their destruction and management and then share that knowledge with others. This shared enterprise should be conducted with a firm commitment to use what we learn from those whose problems we study responsibly and productively.


Dr. Brookshire had done much work toward the completion of this eighth edition of Introduction to Neurogenic Communication Disorders at the time of his death. With the Zen-like wisdom he so consistently displayed with friends and colleagues, he asked Dr. McNeil for editorial assistance to complete the work for him. We are fortunate indeed that Dr. McNeil embraced the task because he has ensured that the outcome is true to Dr. Brookshire’s perspectives and the substance and high standards readers have come to expect from any edition of “the Brookshire book.”


Don’t misinterpret the word Introduction in the title of this book. The contents herein, although only a beginning, represent more than a handshake. The text provides a solid foundation in the neurology of communication, as well as the causes, symptoms, diagnosis, and treatment of the most frequently encountered neurologic communication disorders. Aspiring researchers will leave this book prepared to study the disorders in greater depth. Aspiring clinicians will leave it—and probably revisit it periodically—with a foundation for developing the skills necessary to help people whose lives are affected by the disorders.


Numerous textbooks about neurogenic communication disorders have come and gone. Some become extinct because of limited substance, some because they fail to communicate content effectively, and some because their content no longer reflects current knowledge or practice.


There is no doubt that the understanding and management of neurogenic communication disorders have changed in subtle to dramatic ways in recent years. When the first edition of this text was published, clinicians were “up to speed” if they knew something about aphasia and motor speech disorders. We now appreciate, by virtue of their increasing prevalence and careful clinical observation and research, that right hemisphere lesions, traumatic brain injury, and dementia can affect communication in ways that aren’t adequately captured by concepts of aphasia and motor speech disorders. That progress is reflected in these pages.


No book reaches a second, let alone an eighth edition, without its authors having gotten something right the first time and then building on it in a way that keeps the ever-evolving needs of its readers in mind. The contents of this book reflect what Dr. Brookshire believed are the core, foundational facts and concepts necessary for understanding neurogenic communication disorders. You will be learning from someone whose clarity of thought and expression have been, for many years, greatly admired and appreciated by his colleagues and students.


Be assured that the organization, style, and clarity of this book will meet your needs if you are coming to this complex subject for the first time. I suspect this book also will become a friend and valued resource to those of you who already have an abiding interest in neurogenic communication disorders. It almost certainly will contribute to your own evolution as students, teachers, researchers, or clinicians.






Preface



Malcolm R. Mcneil


The recent passing of scholar, professor, and clinician, Robert H. Brookshire, has neither prevented nor diminished the eighth edition of Introduction to Neurogenic Communication Disorders, the book upon which a large majority of clinicians have cut their clinical teeth.


Fortunately, Dr. Brookshire’s dedication to the complex, ever-advancing discipline and its translation into the next edition of this introductory text was well underway before his death. It is an honor to have been asked to edit and update the last edition of this prominent and almost universally adopted text. During this process, it has been my goal to edit and update with the priority of being faithful to the organization and personally informed clinical discourse that marked the first seven editions. The purpose of this edition has not changed from the previous one. That is, to provide a very general understanding or way to “think about” the very broad and complex topics that compose neurogenic communication disorders. This understanding includes the categories in which they fall, their etiologies, signs and symptoms, clinical course, management, and outcomes. This edition is not intended to be a catalog, training manual, or encyclopedia of neurogenic communication disorders. It is intended to cover the topic broadly, be current, evidence based, and practical. It includes information that is intended to be “useful.”


This usefulness is based on scientific evidence that is filtered through more than 30 years of clinical experience. This usefulness has, in large measure, dictated what has been included and what has not. The eighth edition includes recently acquired information, but the information isn’t included only because it is new. Readers will find, as they have in previous editions, information that is more than 10 years old and some information that existed before the Internet; information that might be considered “dated.” It is not an accident that this information is included. Dr. Brookshire was uncannily and perhaps uniquely able to sift and winnow the merely interesting but ephemeral from the important and enduring. This edition is intended to include the clinically useful that is both important and enduring.


In the Preface to the seventh edition, Dr. Brookshire stated, with his typical humility, that: “The content of this book represents my best guess about what is likely to prove true over time.” These informed “guesses” came from the prepared mind of a scientist, educator, and clinician. These predictions have indeed been more often right than not. It is my hope that any modifications to these predictions that have been made by the updating and editing process are as good as Dr. Brookshire’s and that they will stand the test of scrutiny and time that is evidenced by seven previous, very successful editions.


Finally, I quote from the Preface of the seventh edition of this book, providing a caveat and the overall goal of the book. “Reading it [this book] will not make the reader competent to evaluate, diagnose, or treat patients with neurogenic communication disorders. No book or collection of books can do that. Clinical competence comes from blending knowledge acquired from clinical and scientific literature, supervised clinical training, and independent clinical experience. This book will, I hope, help the student get started on the road to clinical competence by providing basic understanding of what neurogenic communication disorders are, what the individuals who have them are like, and how neurogenic communication disorders may be measured and treated.”
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Chapter 1



Neuroanatomy of the Nervous System






The brain, after all, is so complex an organ and can be approached from so many different directions using so many different techniques and experimental animals that studying it is a little like entering a blizzard, the Casbah, a dense forest. It’s easy enough to find a way in—an interesting phenomenon to study—but also very easy to get lost.


(Allport, S., 1986)
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This book is about neurogenic cognitive-communicative disorders in adults. Neuro- in the term neurogenic means related to nerves or the nervous system; -genic means resulting from or caused by. In everyday language, this book is about cognitive-communicative disorders caused by injury, abnormality, or disease in the adult nervous system.


Neurogenic cognitive-communicative disorders are an important consequence of nervous system damage. Their features, severity, and outcome reflect the location, magnitude, and nature of the damage. For these reasons clinicians who assess, diagnose, and treat neurogenic cognitive-communicative disorders must have at least a rudimentary knowledge of the human nervous system and what can go wrong with it. This chapter provides that rudimentary knowledge.


Unfortunately for those learning neuroanatomy, the human nervous system is a complex and confusing array of interacting systems. Almost every part of the nervous system has several names, most of them fictions invented by humans to make it easier to describe, analyze, draw, and speculate about the nervous system. The proliferation of names began in the nineteenth century, when the nervous system was under intense study, when communication among investigators was slow and inefficient, and when explorers of the nervous system, like explorers of the planet, tended to name their discoveries after themselves.


Eventually practitioners began to call for more descriptive names because the old names were difficult to remember and because most parts of the nervous system had been named. Nevertheless, there remains some gratification in attaching a name to something, even if that something already has a name. The proliferation of names, although slowing, has not stopped.




Clinical Tip


Many names for parts of the nervous system seem obscure today, and some have lost currency and perhaps should be abandoned. However, many names and the concepts that underlie them are traditional and, in spite of their scientific faults, must be understood for purposes of communicating with other professionals.








Central Nervous System



Cellular Structures



Glial cells and neurons (nerve cells) make up most of the cellular structure of the central nervous system. Glial cells are the bricks and mortar of the brain. They account for about half of the brain’s solid mass, and they provide the framework that supports neurons and nerve fiber tracts. Glial cells also regulate fluid levels in brain tissues, remove foreign substances, and participate in brain metabolism.


Nervous system activity begins with neurons. The activity of pools of neurons distributed throughout the nervous system produces sensations, perceptions, emotions, and behaviors; this activity is responsible for the actions of muscles, organs, and glands.


All neurons have the same basic structure, but they differ in size and shape. A typical neuron has a cell body; small, hairlike projections, called dendrites; and a longer, thicker, tubular projection called an axon (Figure 1-1). Dendrites receive information (in the form of chemical and electrical changes) from other neurons and transmit the information to the cell body. Axons carry information away from the cell body and connect with the dendrites of other neurons. Most neurons are multipolar, meaning that there are many dendrites projecting from the cell body, but some are unipolar (have only one dendrite) or bipolar (have two dendrites).
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Figure 1-1 A simplified drawing of a motor neuron, showing the cell body, axon, and myoneural (muscle-nerve) junction. A motor endplate (the junction between a neuron and a muscle fiber) is shown on the lower right. The insert on the left shows a tracing of a real spinal motor neuron, to show the complexity of dendritic structures relative to the simplified drawings provided in most textbooks.





Neuronal cell bodies come in various sizes. The largest are about 20 times the size of the smallest. Axons differ in length and diameter. Most are only a few millimeters long, but some, such as those that connect neurons in the brain to neurons in the lower spinal cord, are several feet long. Long axons are larger in diameter than short axons; the diameter of the longest axons in the human nervous system is about 20 times the diameter of the shortest. Longer axons have larger diameters because the speed of neural transmission depends on the thickness of the axon. Axons with the smallest diameters transmit information at about 1 meter per second (m/sec), whereas axons with the largest diameter transmit information at up to 120 m/sec. Some axons (mostly the longer, thicker ones) are covered with a thin layer of a white, fatty substance called myelin. Myelin provides electrical insulation for nerve axons, much like the coatings on electrical wires. Myelin allows axons to transmit information at higher rates.




Clinical Tip


Some neurologic diseases (e.g., multiple sclerosis) are characterized by degeneration and loss of the myelin from neuron axons. Loss of myelin causes slowing of neural transmission and may result in weakness and impaired control of muscles served by the affected neurons.




The point at which the axon of one neuron encounters a dendrite of another neuron is called a synapse. The tiny space between an axon and a dendrite is called the synaptic cleft. Transmission of nerve impulses across the synaptic cleft is a chemical process in which a chemical transmitter is released by the axon of one neuron and drifts across the synaptic cleft, where it stimulates the dendrite of a second neuron. The stimulation causes a change in the second dendrite’s electric charge. This change (if it is especially strong or if it is combined with the response of other stimulated dendrites) causes the second neuron to fire, sending a signal down its axon to stimulate the dendrites of one or more additional neurons.


Neurons traditionally have been categorized according to function. Sensory neurons respond to stimulation (e.g., touch or temperature) or receive input from sensory receptor cells (e.g., those in the retina or inner ear). Motor neurons connect to muscles and glands. Interneurons connect other neurons. More than 99% of human neurons are interneurons, and sensory neurons outnumber motor neurons by about 5 to 1.


Anatomists customarily divide central nervous system tissue into gray matter and white matter. Gray matter consists of glial cells and neurons. White matter is composed primarily of myelinated axons (“white” because myelin is white). Bundles of axons in the white matter are called by various names, the most common of which is tract. The names of many tracts provide information about their origin and destination. For example, the corticospinal tract begins in the cerebral cortex and ends in the spinal cord; my personal favorite is the habenulointerpeduncular tract.




Clinical Tip


Living gray matter is actually pink because of its rich blood supply. When it loses its blood supply, it turns gray. Anatomists call it “gray matter” because it is gray when it arrives at their dissecting tables.




Functionally related nerve cells cluster into collections of interacting neurons called nuclei. Nuclei differ from surrounding tissue by cell type, cell density, and function (e.g., the nucleus ambiguus, which sends motor fibers from the brain stem to the pharynx and larynx and plays an important part in swallowing).




Topography


Neuroanatomists from the 1800s to the present have segmented the human nervous system into two parts, the central nervous system and the peripheral nervous system. The central nervous system is contained within the skull and the vertebrae. It includes the brain, the brain stem, the cerebellum, and the spinal cord. The central nervous system supports perception and discrimination of sensory stimuli and expression of emotion; it also maintains processes such as respiration and heartbeat, organizes and regulates behavior, and enables us to engage in mental pursuits such as thinking, remembering, and understanding this sentence.


The peripheral nervous system lies outside the skull and vertebrae. Neuroanatomists divide the peripheral nervous system into two functional systems, the somatic nervous system and the autonomic nervous system. The somatic nervous system enables us to perceive sensory stimuli and carry on volitional motor activity. The autonomic nervous system is a self-regulating system that controls the glands and vital functions such as breathing, heartbeat, and blood pressure.




Protective Envelope


The central nervous system is fragile but well protected from injury by a surrounding bath of fluid and a covering of bone and membranes. Fluid cushions the central nervous system and minimizes stresses caused by abrupt movements of the head and body. The skull and vertebrae provide a durable envelope. Strong membranes anchor the brain and spinal cord to the skull and vertebrae.




Skull


The skull encloses the brain, brain stem, and cerebellum. Human skulls are roughly symmetric, although one half usually is slightly larger than the other. A human skull is made up of eight plates joined together to form a continuous surface (Figure 1-2). The plates of an infant’s skull are less firmly joined than those of an adult, making the infant’s skull pliable and elastic (a characteristic for which mothers in childbirth have cause to be thankful). Skull elasticity diminishes across the life span. An 80-year-old person who experiences a blow to the head is much more likely to receive a skull fracture than a 20-year-old individual. The adult human skull is thin in the front and on the sides (3 to 5 mm) and thick in the back (15 to 20 mm). Blows to the (thinner) front of the skull are much more susceptible to fracture than blows to the (thicker) back of the skull.
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Figure 1-2 A lateral view of the human skull. The four bony plates on each side of the skull are (counterclockwise) the frontal bone, the parietal bone, the occipital bone, and the temporal bone.







Clinical Tip


That human skulls are thicker in back than in front may be at least partially a result of natural selection. A person who falls backward is more likely to strike his or her head than a person who falls forward, because the person who falls forward can break the fall with hands and arms. Those whose skulls were thin in back may have been less likely to survive the perils of prehistoric times than those whose skulls were thick in back.




The space inside the skull is called the cranial vault. The ceiling and walls of the cranial vault are smooth, but the floor is irregular, having cavities, openings, partitions, and ridges that give it a craggy appearance (Figure 1-3). The large opening in the base of the cranial vault is called the foramen magnum (great aperture). It is the opening through which the brain stem passes on its way to the spinal cord.
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Figure 1-3 The floor of the cranial vault. The crista galli, the clinoid process, and the sella turcica are three of several ridges and projections that arise from the floor of the cranial vault.







Clinical Tip


Foramen comes from a Latin word meaning “aperture.” In anatomy a foramen is an aperture or opening in tissue or bones.






Vertebrae


Vertebrae are bony structures supporting and protecting the spinal cord. Humans have 33 vertebrae, which are divided by neuroanatomists into five sets (Figure 1-4):
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Figure 1-4 The human spine, showing the division of vertebrae into cervical, thoracic, lumbar, sacral, and coccygeal groups.








• The uppermost 7 vertebrae are called the cervical vertebrae


• The next 12 are called the thoracic vertebrae


• The next 5 are called the lumbar vertebrae


• The next 5 are called the sacral vertebrae


• The lowest 4 are called the coccygeal vertebrae


The five sacral and the four coccygeal vertebrae are fused into two larger structures, the sacrum and the coccyx, respectively.




Clinical Tip


Sacrum comes from Latin and means, roughly, “sacred bone.” Coccyx comes from Greek and means “cuckoo” or, more likely “cuckoo’s beak.”




The vertebrae are separated by disks of cartilage and are held together and in alignment by muscles, tendons, and ligaments. The lower vertebrae are larger than the upper vertebrae, enabling the lower vertebrae to bear greater weight and resist twisting forces, which tend to converge in the lower back. The spinal cord passes down a central channel in the chain of vertebrae. Notches between the vertebrae provide spaces (foramina) through which nerves and blood vessels exit or enter. These notches are called intervertebral foramina.




Clinical Tip


Pathologic changes in the vertebrae or the intervertebral disks sometimes put pressure on nerves and blood vessels, causing neurologic symptoms such as pain, loss of sensation, weakness, or paralysis. Patients with spinal nerve or blood vessel compression make up a significant part of most neurosurgeons’ caseloads, and decompression of spinal nerves and blood vessels is a common neurosurgical or orthopedic surgical procedure.






Meninges


Three membranes, called meninges, enclose the central nervous system. The outer membrane is called the dura mater. The middle membrane is called the arachnoid, and the inner membrane is called the pia mater (Figure 1-5). Because the meninges help to cushion the central nervous system, the mnemonic PAD (for pia, arachnoid, and dura) may help the reader keep them in order.
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Figure 1-5 The meninges and related structures. Cerebrospinal fluid circulates throughout the ventricles and subarachnoid space. Its direction of flow is indicated by arrows. Cerebrospinal fluid is passed into the blood via the arachnoid villi, which protrude into the venous sinuses.





The dura mater is a tough (DURable), slightly elastic membrane that encloses the central nervous system. In the skull, the outer surface of the dura mater adheres to the inner surface of the cranial vault, and the inner surface of the dura is attached to the arachnoid. The dura mater has two layers. The layers are fused throughout most of the dura mater, but in the dural venous sinuses, the layers separate to form a complex system of cavities and channels. The dural venous sinuses collect venous blood flowing down from the brain and funnel it into the internal jugular vein for return to the heart and lungs. Some of the venous sinuses are shown in Figure 1-6.
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Figure 1-6 Dural projections and major venous sinuses. The venous sinuses are cavities between sheets of dura into which arterial blood passes on its way back to the heart.







Clinical Tip


Sinus is from a Latin word meaning “cavity” or “channel.” In anatomy, sinus means a groove, hollow, or cavity, often for the storage or transport of fluids. Ordinarily there is no space on either side of the dura mater, but in some pathologic conditions, fluid accumulates between the dura mater and the skull or between the dura mater and the arachnoid. The most frequent source of such fluid is bleeding from blood vessels on the surface of the dura mater.




Rigid sheets of dura mater extend into the cranial vault in several places, dividing it into compartments (see Figure 1-6) and providing support for the brain, brain stem, and cerebellum. The two largest dural sheets are the falx cerebri and the tentorium cerebelli. The falx cerebri is a long, crescent-shaped band of dura mater that protrudes downward along the midline of the skull, dividing the cranial vault into two side-by-side compartments occupied by the brain hemispheres. The tentorium cerebelli is a dome-shaped sheet of dura mater protruding forward horizontally from the back of the cranial vault, creating two compartments, one above the other. The upper compartment holds the brain hemispheres; the lower compartment holds the cerebellum.


The arachnoid is a cobweb-like sheet of tissue sandwiched between the dura mater and the pia mater. The arachnoid has no blood vessels and does not conform closely to the contours of the underlying pia mater, thereby creating a space (the subarachnoid space). The subarachnoid space is filled with cerebrospinal fluid (CSF), a clear, colorless fluid that cushions and protects the central nervous system against trauma, provides a pathway for metabolic and nutritional compounds to reach the central nervous system, and perhaps provides a medium for transport of waste products away from the central nervous system. At the base of the brain are several large spaces between the arachnoid and the pia mater, also filled with CSF. Those large spaces are called subarachnoid cisterns.




Clinical Tip


Arachnoid comes from the Greek arachne, which means “spider” or “cobweb.” Cistern is a generic name for cavities or spaces for the storage of fluids.




The arachnoid protrudes into the venous sinuses at many places. The protrusions are called arachnoid villi (see Figure 1-5). The arachnoid villi provide places where excess CSF is absorbed and removed from the subarachnoid space.


The pia mater is fragile, adheres tightly to the brain’s surface, and follows the contours of the brain. The outer surface of the pia mater has many blood vessels, and many blood vessels cross the space between the pia mater and the arachnoid. Traumatic injuries to the head may damage these blood vessels, causing blood to accumulate between the pia and the arachnoid.


Pia is from a Latin word meaning tender, which is appropriate here because the pia mater is a fragile membrane, easily torn or cut.





Structure of the Central Nervous System


The central nervous system is shaped something like a tree, with a trunk (the spinal cord), branches (nerve fiber tracts), and a canopy (the brain hemispheres). The central nervous system is arranged so that phylogenetically more primitive structures (the spinal cord and the brain stem) are at its base, and phylogenetically more advanced structures (the brain hemispheres) are at the apex. For descriptive purposes the central nervous system traditionally is divided into five segments: the spinal cord (in the torso), the brain stem (atop the spinal cord), the cerebellum (behind the brain stem and below the brain hemispheres), the diencephalon (deep in the brain hemispheres), and the cerebrum (represented by the brain hemispheres, at the top). Neuroanatomists often lump the cerebrum and diencephalon together and call the lump the brain.




Brain


The brain is the largest member of the central nervous system family. It is a gelatinous mass of nerve cells and supportive tissue floating in CSF. An average human brain weighs about 3 pounds and is about three-fourths water. The brain is soft and mushy because of its great water content. A human brain removed from the skull, its supporting membranes, and its flotation system slowly collapses into a shapeless lump.




General Concepts 1-1


• Neurons (nerve cells) are the basic units of the nervous system.


• Neurons receive input from other neurons by way of dendrites and transmit output to other neurons by way of axons.


• Nerve fiber tracts form the white matter in the nervous system. They are made up of bundled axons. Nerve fiber tracts are white because the myelin covering of the axons is white.


• The human central nervous system consists of the brain, brain stem, cerebellum, and spinal cord. It is enclosed in the skull and vertebrae.


• The peripheral nervous system lies outside the skull and vertebrae. It consists of cranial nerves and spinal nerves.


• Three membranes form a covering for the central nervous system. They are called meninges. The dura mater is the outer membrane; the arachnoid is the middle membrane; and the pia mater is the inner membrane.


• Rigid sheets of dura mater divide the skull into compartments. Two important dural partitions are the falx cerebri, which crosses front to back on the midline of the roof of the cranial vault, and the tentorium cerebelli, which crosses the cranial vault horizontally above the cerebellum and below the posterior base of the brain.


• Cerebrospinal fluid (CSF) is a clear, colorless fluid that surrounds the central nervous system in the subarachnoid space.






Clinical Tip


“One of the difficulties in understanding the brain is that it is like nothing so much as a lump of porridge”(Gregory, 1966).







The one fourth of the brain that is not water is made up of glial cells, neurons, and connective tissue. A human brain contains 50 billion to 100 billion glial cells and more than 10 billion neurons. The brain is a big spender. It makes up only about 2% of total body mass but receives 20% of cardiac output and consumes 25% of the oxygen used by the body. The brain is not thrifty. It has no metabolic or oxygen reserves and is completely dependent on a constant supply of oxygen and nutrients. If the brain’s blood supply is cut off for longer than about 10 seconds, the brain’s owner loses consciousness, and after about 20 seconds, the brain’s electrical activity stops. Under most circumstances, if the blood supply to the brain is interrupted for longer than 2 minutes, permanent brain damage is almost certain.




Cerebrum


The cerebrum contains about three fourths of the nervous system’s mass. The cerebrum is divided into two halves (hemispheres) by a deep fissure (the longitudinal cerebral fissure). The longitudinal cerebral fissure sometimes is called the interhemispheric fissure or the superior longitudinal fissure. (It seems to be a rule that the more prominent a fissure is, the more names it gets.) The falx cerebri extends downward into the longitudinal cerebral fissure.


The surface of the hemispheres is covered by a layer of cortex rich in nerve cells and blood vessels. The cortex is crisscrossed by a network of convolutions, making the brain look something like the surface of a pecan. The convolutions (ridges) are called gyri, and the depressions (valleys) are called sulci. Very deep sulci are called fissures.




Clinical Tip


Gyrus (singular for gyri) is from a Greek word meaning “circle.” Sulcus (singular for sulci) is from a Latin word meaning “furrow” or “ditch.”




Two prominent fissures mark the lateral surface of each brain hemisphere. One (the central fissure) travels vertically down each hemisphere, dividing it into roughly equal anterior and posterior regions. The central fissure sometimes is called the fissure of Rolando, and sometimes it is known as the central sulcus. The second prominent fissure travels horizontally across the lateral surface of each hemisphere. This fissure is called the lateral cerebral fissure, the fissure of Sylvius, or the frontotemporoparietal fissure, after adjacent brain regions (Figure 1-7). The calcarine fissure is a short, less prominent fissure inside the longitudinal cerebral fissure at the back of the brain. It is mentioned here because cortical areas important for vision are adjacent to it. (Note that this short, shallow fissure gets only one name.)


[image: f01-07-9780323078672]


Figure 1-7 Prominent gyri and sulci on the surface of the human brain. The left brain hemisphere is shown. The gyri and sulci on the surface of the right hemisphere are essentially mirror images of those on the surface of the left hemisphere. There is considerable variability across brains in the location, shape, and prominence of the landmarks, sometimes making them difficult to identify.





The left and right hemispheres of the human brain are structurally similar but not identical. The left hemisphere in right-handed adults usually is slightly larger than the right hemisphere, and the lateral fissure in the left hemisphere of a right-handed adult usually is slightly longer than the lateral fissure in the right hemisphere (von Bonin, 1962). However, the size of right-handers’ parietal lobes goes in the opposite direction. Right-handers’ right-hemisphere parietal lobes are larger than their left-hemisphere parietal lobes (Rubens, 1977). In spite of their structural similarity, the two hemispheres are in many respects functionally specialized.


By tradition, each hemisphere is divided into four lobes—the frontal lobe, the parietal lobe, the occipital lobe, and the temporal lobe—after the parts of the skull above them (Figure 1-8). The lobes are topographic conventions and do not reflect differences in the structure or functions of the brain. Although the brain regions have different structures and functions, the structural and functional differences do not correspond to the boundaries of the lobes.
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Figure 1-8 The lobes of the brain. Much of the occipital lobe is hidden from view within the longitudinal cerebral fissure. The lobes are arbitrary divisions and do not represent either architectural or functional differences.





The frontal lobes, as their name implies, are at the front of the brain. The lateral cerebral (Sylvian) fissure marks the lower boundary for each frontal lobe, and the central (Rolandic) fissure marks the posterior boundary. The cortex in the frontal lobes accounts for about one third of the entire cortex in the brain.


The parietal lobes lie behind the central fissure and above the lateral fissure in each hemisphere. The posterior boundary of each parietal lobe is an imaginary line an inch or two forward from the occipital pole (farthest back point in the hemisphere).


The occipital lobes form the posterior part of each hemisphere. They extend from the imaginary line forming the posterior boundary of the parietal lobe to the longitudinal cerebral fissure at the occipital pole.


The temporal lobe makes up approximately the bottom one third of each hemisphere. The lateral cerebral fissure marks its upper boundary, and its lower boundary is on the underside of the hemisphere, near the midline. Its posterior boundary is the imaginary line marking the anterior boundary of the occipital lobe.


The insula is a patch of cortex folded into the lateral cerebral fissure. It is hidden from view by folds of the frontal, parietal, and temporal lobes. The insula is sometimes called the island of Reil. The folds of cortex that conceal the insula are called the operculum.




Clinical Tip


Operculum is from a Latin word meaning “cover” or “lid”; in this case, the cortex that folds over and covers the insula.






Cerebral Ventricles


The cerebral ventricles are four cavities filled with CSF and connected by narrow channels deep inside the brain. The two largest are the crescent-shaped lateral ventricles deep in each hemisphere (Figure 1-9). The third ventricle is an irregularly shaped, disk-like cavity standing on edge at the midline below the lateral ventricles. The fourth ventricle is a narrow tubular cavity extending down through the brain stem, ending at an opening into the subarachnoid space (see Figures 1-5 and 1-9).
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Figure 1-9 The cerebral ventricles. The ventricles form a fluid-filled space in the center of the brain and brain stem. One lateral ventricle is located deep within each brain hemisphere. The third and fourth ventricles are located on the midline. Most of the fourth ventricle is in the brain stem.





Each lateral ventricle is connected to the third ventricle by an interventricular foramen (foramen of Munro). The third ventricle is connected to the fourth ventricle by the cerebral aqueduct (aqueduct of Sylvius). The ventricles hold about 15% of the CSF in the central nervous system, and the subarachnoid space holds the remaining 85%.




Clinical Tip


As noted earlier, a foramen is an aperture or opening. In physiology, an aqueduct is a tube or channel. Aqueducts are tubular; foramina are not.




The ventricles contain the choroid plexus, a spongy mass of vascular tissue that is the body’s primary producer of CSF. (A small amount of CSF is produced by cells on the surface of the brain.) CSF circulates through the central nervous system, from the lateral ventricles to the third ventricle via the interventricular foramina and from the third ventricle to the fourth ventricle via the cerebral aqueduct (see Figure 1-9). CSF drains from the fourth ventricle into the subarachnoid space through the median aperture (or foramen of Magendie) and the (two) lateral apertures (foramina of Luschka). From there the CSF circulates upward around the brain hemispheres and downward around the spinal cord. Eventually it is resorbed into the blood through the arachnoid villi. In healthy adults the CSF regenerates approximately every 8 hours.




Clinical Tip


Changes in the chemical composition of CSF may indicate neurologic disease. For example, the presence of blood cells in the CSF suggests bleeding into the subarachnoid space, and reduced glucose levels suggest bacterial infection (the bacteria consume the glucose).






Diencephalon


The diencephalon is located deep in the hemispheres, at the top of the brain stem. The thalamus and the basal ganglia, structures that play important roles in movement and sensation, are located in the diencephalon.


The thalamus consists of a pair of egg-shaped nuclei, one on each side of the third ventricle (Figure 1-10). The thalamus is a major relay center for motor information coming down from the motor cortex and for sensory information going up to the sensory cortex. The thalamus receives input from many sources (the cerebellum, the basal ganglia, other subcortical regions, and the brain stem), and its fibers project to much of the cortex.
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Figure 1-10 The basal ganglia and related structures. A, The brain on a horizontal plane at about the middle of the third ventricle. B, The brain on a vertical plane just anterior to the thalamus. The corpus callosum is the major interhemispheric nerve fiber tract. It forms the roof of the lateral ventricles. The anterior commissure is a minor interhemispheric fiber tract. (See also Figure 1-13.)





Because of its role as a relay center for information going to the cortex, the thalamus is thought to play a part in regulating the overall electrical activity of the cortex. Many sensory pathways synapse at the thalamus, and perhaps because of this, the thalamus plays an important part in maintaining consciousness, alertness, and attention.




Clinical Tip


Diencephalon is from Greek and means, literally, “through-brain.” Thalamus comes from a Latin word meaning “little nut.”




Several nuclei adjacent to the thalamus form the basal ganglia (see Figure 1-10). The number of basal ganglia varies somewhat, depending on who is writing about them. Most writers include the caudate nucleus, the putamen, and the globus pallidus in the basal ganglia. Some add the subthalamic nucleus and the substantia nigra. To make things more complicated, the putamen and the globus pallidus often are lumped together and called the lenticular nucleus. The lenticular nucleus is separated from the caudate nucleus by a band of nerve fibers called the internal capsule (described later).


The subthalamic nucleus, as its name implies, is located below the thalamus, and the substantia nigra is below the subthalamic nucleus. The precise functions of the subthalamic nucleus and the substantia nigra are unknown, although their numerous connections to the other basal ganglia suggest that they collaborate with them in important ways. The substantia nigra, as the name implies, is darkly colored.




Clinical Tip


Degeneration (and fading) of the substantia nigra frequently is seen in Parkinson’s disease.




The basal ganglia receive input from multiple sites in the cortex (almost all in the frontal lobe) and send (or relay) information to the cortex. The basal ganglia control major muscle groups in the trunk and limbs to produce the postural adjustments necessary for dealing with shifts in body weight and to compensate for inertial forces accompanying movement. Damage in the basal ganglia causes a variety of problems with movement and sensation, depending on the location of the damage, but most are characterized by loss of voluntary movements and the appearance of involuntary movements.





Brain Stem


The brain stem provides a communicative and structural link between the brain and the spinal cord, although structurally it is simply a continuation of the spinal cord. The cranial nerves, which serve the muscles and sensory receptors of the head, originate here. Brain stem structures regulate some aspects of breathing and heart rate, and they play a role in integrating complex motor activity. Some brain stem structures help to regulate a person’s overall level of consciousness, primarily by means of the reticular formation, located in the brain stem’s central core.


The brain stem is the only path by which motor nerve fibers from the brain reach the spinal cord, and it is the only path by which sensory nerve fibers from the periphery reach the brain. For this reason, damage in the brain stem often has important effects on motor and sensory functions. Because structures in and just above the brain stem control many of the body’s vital functions (e.g., breathing, heart rate, and temperature regulation) brain-stem injuries may have disastrous or even fatal results.


For descriptive purposes anatomists divide the brain stem into three parts: the midbrain (upper), the pons (middle), and the medulla (lower). The midbrain (mesencephalon) connects the brain stem with the cerebral hemispheres (via the cerebral peduncles). Cranial nerves 3 and 4, which connect to muscles that move the eyes, originate in the midbrain.




Clinical Tip


The word peduncle comes from a Latin word meaning “foot.” Pedestrian and pedal are more common descendants of that Latin word. In neuroanatomy peduncle refers to various stemlike or stalklike connecting structures in the brain.




The midbrain merges into the pons at the level of the cerebellum. The pons is easily identified by a prominent forward bulge in the brain stem. The pons contains several nuclei involved in hearing and balance, plus the nuclei of three cranial nerves (CN 5, CN 6, and CN 7). Pontine damage typically produces paralysis of muscles responsible for moving the eyes horizontally, but large lesions in the anterior pons may cause locked-in syndrome, in which the person is conscious but quadriplegic (all limbs are paralyzed) and cannot talk. Patients with locked-in syndrome may communicate only with eye blinks or by moving their eyes vertically.


The medulla is a tapered section of the brain stem between the pons and the spinal cord. It contains the nuclei for five cranial nerves (CN 8 through CN 12) and several nuclei concerned with balance and hearing. Nerve fiber tracts for volitional movement cross from one side of the central nervous system to the other in the medulla. The point at which they cross is called the point of decussation. Medullary damage typically causes combinations of vertigo (dizziness), paralysis of muscles in the throat and larynx, and various combinations of sensory loss in the limbs and sometimes the face.




Clinical Tip


Decussation comes from a Latin word meaning “in the form of an X.”







Cerebellum


The cerebellum is just behind the pons and medulla (see Figure 1-9) and looks like a miniature brain. The cerebellum, like the brain, has two hemispheres, each with an outer layer of gray matter (the cerebellar cortex). The cerebellum does not initiate movements, but rather coordinates and modulates movements initiated elsewhere (primarily by the motor cortex). The cerebellum plays a major role in regulating the rate, range, direction, and force of movements. Cerebellar damage causes clumsy movements, a condition called ataxia.




Spinal Cord


The spinal cord in a normal adult is about 18 inches long. The body of the spinal cord extends from the first cervical vertebra to the first lumbar vertebra, and from there it continues downward as a fine bundle of nerve fibers. The bundle reminded Andreas Laurentius, a seventeenth-century German physiologist, of a horse’s tail. He named the bundle the cauda equina (Latin for horse’s tail), an appellation that has continued to this day.


The spinal cord has an outer layer of white matter and a central core of gray matter (Figure 1-11). The gray matter contains motor and sensory neurons. In cross-section the gray matter resembles a butterfly. The white matter contains ascending and descending nerve fiber tracts Most motor neurons are in the anterior horns of the central gray matter, and most sensory neurons are in the posterior horns (Figure 1-11).
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Figure 1-11 Cross-section of the human spinal cord showing motor and sensory fiber tracts. The posterior columns (which contain the posterior horn cells) primarily serve sensory functions, and the anterior columns (which contain the anterior horn cells) primarily serve motor functions.





The spinal cord is connected to muscles and sensory receptors by spinal nerves. Motor neurons in the anterior horns connect with muscles via efferent spinal nerves, and sensory receptors in the body’s periphery connect to sensory neurons in the posterior horns via afferent spinal nerves.




General Concepts 1-2


• The human brain is divided into two hemispheres, which are structurally similar but functionally different.


• The brain is covered by a thin layer of gray matter, called the cerebral cortex. The cerebral cortex is rich in nerve cells and is crisscrossed by ridges (gyri) and grooves (sulci).


• Deep sulci are called fissures. Two prominent fissures on the human brain are the central fissure (fissure of Rolando) and the lateral cerebral fissure (fissure of Sylvius).


• The surface of each hemisphere traditionally is divided into four lobes: the frontal lobe, the parietal lobe, the occipital lobe, and the temporal lobe, named after the parts of the skull above them.


• The cerebral ventricles are cavities in the brain that are filled with CSF. There are two lateral ventricles, one third ventricle, and one fourth ventricle. They are connected by foramina (openings) and an aqueduct (tubular channel).


• The diencephalon contains the thalamus and basal ganglia. The thalamus and basal ganglia modulate, integrate, and regulate motor output and sensory input.


• The brain stem (midbrain, pons, and medulla) serves as a conduit for all motor output from the central nervous system to the peripheral nervous system and for all sensory input from the peripheral nervous system to the central nervous system.


• The nuclei of most cranial nerves are located in the brain stem, as are centers that control vital functions such as respiration and heart rate.


• The cerebellum is located behind the brain stem. It resembles a miniature brain and is responsible for controlling the rate, force, direction, and amplitude of volitional movements.


• Most spinal cord motor neurons (anterior horn cells) are located in the anterior horns of the spinal cord central gray matter. Most spinal cord sensory neurons (posterior horn cells) are located in the posterior horns of the spinal cord central gray matter.






Fiber Tracts


Communication among parts of the central nervous system depends on bundles of nerve axons arranged into nerve fiber tracts. (As noted earlier, these tracts form the white matter of the nervous system.) Neuroanatomists have divided central nervous system nerve fiber tracts into three major categories: projection fibers, commissural fibers, and association fibers.


Projection fibers are the long-distance carriers of the central nervous system. They carry information from the brain to the brain stem and spinal cord or from peripheral sensory nerves to the brain via the spinal cord. Projection fibers that carry command and control signals from the brain to muscles and glands are called efferent (motor) projection fibers. They originate at neurons in the motor cortex and the premotor cortex and progress down through the brain, the basal ganglia, the brain stem, and the spinal cord to synapse with cranial nerves and spinal nerves.


Projection fibers carrying sensory information from receptors in the periphery to the central nervous system are called afferent (sensory) projection fibers. The sensory nerves making up afferent projection fibers synapse with neurons in the spinal cord and brain stem, which send the information up to the brain.




Clinical Tip


I know of no great mnemonic for remembering “efferent” versus “afferent.” It may help to remember that in the alphabet, “a” precedes “e,” and that sensations (afferent) often precede motor responses (efferent).




Efferent projection fibers begin with motor neurons distributed across the motor cortex (a strip of cortex in front of the central sulcus). As they progress downward, they converge and form a compact band. Afferent projection fibers begin with sensory neurons distributed along the spinal cord and brain stem. As they progress upward, they converge into a roughly circular band. From there they fan out to destinations in the brain cortex, primarily the somatosensory cortex. When the band of afferent and efferent projection fibers reaches the basal ganglia, it widens and flattens to form the internal capsule.




Clinical Tip


The term capsule, as in internal capsule, is misleading. In ordinary use, the word denotes enclosure or case. As used here, it denotes a horizontal slice of the motor and sensory fibers passing between the thalamus and basal ganglia. The label “capsule” apparently comes from early dissections, in which the dense white matter and membrane-like appearance of the nerve fibers, compared with the gray matter of the basal ganglia and thalamus, suggested a capsular structure.






Motor Pathways


Several fiber tracts descend from the brain, midbrain, and brain stem, eventually connecting with motor neurons at lower levels. The corticospinal tract begins in the cerebral cortex and connects with motor neurons in the spinal cord. The spinal cord motor neurons control muscles responsible for volitional movement of the trunk and limbs. The corticobulbar tract begins in the cerebral cortex and connects with motor neurons in the brain stem. The brain-stem motor neurons are responsible for volitional movement of muscles of the head and neck. The vestibulospinal tract begins in the brain stem and connects with spinal cord motor neurons that control muscles responsible for quick movements in response to sudden changes in body position, such as occur in loss of balance or falling. The descending autonomic tract begins at structures deep within the brain and connects with motor neurons in the brain stem and spinal cord. Neurons in the descending autonomic tract are responsible for modulating autonomic functions, such as heart rate and blood pressure.




Sensory Pathways


The sensory pathways in the spinal cord are complex and are the scourge of students who must learn them and remember them, at least until after the examination. Nerves serving pain and temperature sensation share a common pathway to the thalamus and the parietal lobe on the side of the spinal cord opposite the side on which the nerves enter the spinal cord (see Figure 1-11). Proprioception (the ability to tell the position of the head and limbs without seeing them) and stereognosis (the ability to identify objects by touch) share a pathway up the side of the spinal cord to the brain stem, where the pathway decussates and proceeds up to the cerebellum and the parietal lobe. The pathway for light touch ascends in the ventral (anterior) spinal cord to the brain stem and parietal lobe. This pathway contains both uncrossed fibers and fibers that cross at the brain stem.




Clinical Tip


The complexity of spinal cord sensory pathways, although the bane of students who must learn them, is a blessing for physicians who must deduce what is wrong with patients with sensory abnormalities. A physician often can identify the location and sometimes the nature of spinal cord pathology by noting how pain and temperature sense, proprioception, and stereognosis are affected in various parts of the body.






Reflex Arc


Some reflexive motor responses are created by the reflex arc, which permits rapid movements without the participation of higher neural systems. The reflex arc has five parts: a sensory receptor, an afferent (sensory) neuron, an interneuron, a motor neuron, and an effector, usually a muscle (Figure 1-12). Stimulation of the sensory receptor generates an electrical signal, which it sends to the afferent neuron, which in turn sends it to the interneuron (in the posterior column of the spinal cord). The interneuron sends the signal to the motor neuron (in the anterior column of the spinal cord). The motor neuron activates a muscle or gland. Reflexes permit very quick but indiscriminate responses to stimulation. Many of these reflexes serve protective functions, such as the sneeze, cough, and eye-blink reflexes.
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Figure 1-12 The reflex arc. Stimulation of a sensory nerve is transmitted to a motor nerve via an interneuron, making possible rapid responses to stimuli (usually painful ones) without the participation of higher centers in the nervous system.








Commissures


Commissures (commissural fiber tracts) are the regional carriers of the central nervous system, providing communicative links between the brain hemispheres. Human brains depend on three commissures for interhemispheric communication: the corpus callosum, the anterior commissure, and the posterior commissure (Figure 1-13).


[image: f01-13-9780323078672]


Figure 1-13 The interhemispheric fiber tracts (commissures) of the human brain. The brain hemispheres have been cut apart at the superior longitudinal fissure, and the cut ends of nerve fibers making up the corpus callosum, anterior commissure, and posterior commissure are visible.





The corpus callosum is the largest and most important commissure and is the major player in interhemispheric communication. Anatomically the corpus callosum forms the structural bridge between the hemispheres. It is crescent shaped, with the open side of the crescent facing down. The anterior third of the corpus callosum is called the genu; the central third is called the rostrum or body; and the posterior third is called the splenium. Nerve fibers crossing through the corpus callosum are spatially arranged to minimize their length. Fibers in the genu connect the anterior frontal lobes. Fibers in the rostrum connect the posterior frontal lobes and anterior parietal lobes. Fibers in the splenium connect the posterior parietal lobes and the occipital lobes. Damage to the corpus callosum prevents communication between the hemispheres, giving rise to a variety of signs and symptoms, depending on the location of the damage.


The anterior commissure and the posterior commissure are small bands of fibers crossing between the hemispheres deep in the brain. The anterior and posterior commissures are much smaller than the corpus callosum, and their importance for interhemispheric communication is debated. Given that the anterior commissure and the posterior commissure together are about 1/100th the size of the corpus callosum, it is clear that the corpus callosum is the major player in interhemispheric communication.




Association Fibers


Association fibers are the local carriers in the central nervous system. They connect cortical areas within a hemisphere. If the cortical areas are in the same lobe, the association fibers connecting them are called simply association fibers. If the cortical areas are in different lobes, the association fibers connecting them get a shorter but harder-to-remember name: fasciculus, the plural of which is fasciculi. Fasciculi are bundles of nerve fibers connecting nonadjacent regions in a hemisphere. However, they never cross the midline. If they did, they would be called commissures.




Clinical Tip


Fasciculus comes from a Latin word for “bundle.” Fascist comes from the same word.




Neuroanatomists have described three major fasciculi in the human brain—the uncinate fasciculus, the cingulum, and the arcuate fasciculus (Figure 1-14). The uncinate fasciculus is a direct pathway connecting the inferior frontal lobe with the anterior temporal lobe in each hemisphere. The cingulum runs along the top of the corpus callosum and connects deep regions of the frontal and parietal lobes with deep regions of the temporal lobe and midbrain in each hemisphere.
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Figure 1-14 Major fasciculi in the human brain. The arcuate fasciculus is believed to play an important part in many speech and language processes.





The uncinate fasciculus and the cingulum apparently play no major part in speech and language. This is not true for the arcuate fasciculus, sometimes called the superior longitudinal fasciculus. The arcuate fasciculus is a crescent-shaped fiber tract in each hemisphere connecting posterior and central regions of the temporal lobe with posterior and inferior regions of the frontal lobe (see Figure 1-14). From its origin in the temporal lobe, the arcuate fasciculus sweeps back and up around the lateral fissure, about an inch below the cortex. Then it curves forward and downward to the frontal lobe. As we shall see, the arcuate fasciculus plays a central role in some models of how the brain deals with language.




Blood Supply to the Brain


As previously mentioned, the brain is a major consumer of oxygen and glucose, both of which get to the brain by way of the blood. At any given time, about 25% of the blood in the body is in the brain. Because the brain is such a massive consumer of oxygen and glucose and because it has no significant reserves, cutting off the brain’s blood supply usually has catastrophic results. Consequently, it is not surprising that interrupted blood supply is a common cause of brain injury.




General Concepts 1-3


• Projection fibers carry information from motor neurons in the brain to motor neurons in the brain stem or spinal cord (efferent projection fibers) or from sensory neurons in the peripheral nervous system to the brain (afferent projection fibers).


• The corticospinal tract connects motor neurons in the brain cortex with motor neurons in the spinal cord.


• The corticobulbar tract connects motor neurons in the brain cortex with motor neurons in the brain stem.


• Sensory pathways in the spinal cord are complex. They ascend in various regions of the spinal cord. Some cross; some do not cross. Those that cross do so at various levels in the spinal cord.


• Some protective reflexes (e.g., sneeze, eye blink) are accomplished within the spinal cord by reflex arcs.


• The internal capsule is a segment of efferent and afferent projection fibers at the level of the thalamus and basal ganglia.


• Commissural fiber tracts cross between the brain hemispheres. The corpus callosum is the primary commissural fiber tract. The anterior commissure and the posterior commissure are minor ones.


• Association fiber tracts connect regions within a brain hemisphere. Shorter tracts (those within a lobe) are called association fibers. Longer tracts (those connecting regions in different lobes) are called fasciculi.


• The arcuate fasciculus connects regions in the temporal lobes with regions in the frontal lobes. It is important for some neurophysiologic explanations of language.




The mechanical process of getting blood to the brain begins at the heart, where pumping pressure pushes the blood through the arteries. The heart pumps oxygenated blood into the aorta, the major artery from the heart. From the aorta the blood is distributed to two subclavian arteries, one on each side of the body. (This is going to be complicated; Figure 1-15 may help.) A common carotid artery branches off from the right subclavian artery, and another common carotid artery branches off from the left aorta. The common carotid arteries travel up into the neck, where they each divide into an internal carotid artery and an external carotid artery. The external carotid arteries provide blood supply to the face. The internal carotid arteries provide blood supply to the brain. They travel upward just under the skin on each side of the neck, just behind the angle of the jaw. The internal carotid arteries eventually connect to opposite sides of the circle of Willis.
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Figure 1-15 How the blood gets to the brain. The subclavian arteries branch off from the aorta, which is the major artery from the heart. The right common carotid artery branches off from the subclavian artery, and the left common carotid artery branches off from the aorta. Each common carotid artery divides into an external and an internal carotid artery. The external carotid arteries supply blood to the face, and the internal carotid arteries supply the central regions of the brain. The vertebral arteries also branch off the subclavian artery. They supply posterior regions of the brain via the basilar artery.







Clinical Tip


If you place your open hand on your neck under the angle of your jaw, you should feel a relatively strong pulse near your middle or ring finger. That pulse comes from your internal carotid artery.




Now let’s return to the subclavian arteries and follow them to where each branches into a vertebral artery (one on each side). The vertebral arteries follow the front side of the medulla upward until they join together (anastomose) at the base of the pons to form the basilar artery. The basilar artery continues up along the front of the pons and eventually connects into the posterior part of the circle of Willis. The vertebral arteries and the basilar artery supply blood to the brain stem and also to the brain via the circle of Willis.


The circle of Willis is a heptagonal set of arteries centered at the base of the brain (Figure 1-16). The circle of Willis provides blood flow to three cerebral arteries in each hemisphere: an anterior cerebral artery, a middle cerebral artery, and a posterior cerebral artery (Figure 1-17). The anterior cerebral arteries supply the upper and anterior regions of the frontal lobes and the corpus callosum. The middle cerebral arteries supply most of the lateral surfaces of the brain hemispheres, plus the thalamus and basal ganglia. The posterior cerebral arteries supply blood to the occipital lobes and the lower parts of the temporal lobes.
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Figure 1-16 How blood is distributed to the brain by the circle of Willis. Occlusions below the circle of Willis may not cause as much damage as occlusions above the circle of Willis, because the circle of Willis provides a common pathway for blood coming from the three major feeder arteries (two internal carotid arteries and the basilar artery) to the cerebral arteries that branch off the top of the circle of Willis.
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Figure 1-17 The distributions of the cerebral arteries. The watershed region is where the distributions of the cerebral arteries overlap. Occlusions in the watershed region may have relatively small effects on cerebral functions because of collateral circulation from the neighboring artery.





Because the internal carotid arteries and the basilar artery connect to the underside of the circle of Willis and the cerebral arteries connect to its upper side, the circle of Willis provides a common pathway that joins the carotid arteries, the basilar artery, and the cerebral arteries. If the blood flow from a carotid artery or the basilar artery is cut off or reduced, the unaffected arteries coming into the circle of Willis from below may preserve blood flow to the circle of Willis and from there to the cerebral arteries. However, this protective function of the circle of Willis works only if the obstruction is below the circle of Willis. Obstruction of a cerebral artery above the circle of Willis inevitably causes brain damage because the cerebral arteries share no common source once they leave the circle of Willis.




Clinical Tip


The compensation provided by the circle of Willis may be less than one might expect because occlusion of a feeder artery is most common in patients with vascular disease that compromises blood flow throughout the arterial system. For these patients, collateral flow from the other arteries coming from the heart is likely to be compromised by the vascular disease. Furthermore, the cerebral arteries and the arteries in the circle of Willis may themselves be narrowed or occluded by the disease.




The amount of brain tissue affected by occlusion of a cerebral artery depends on the location of the occlusion. Occlusions in the trunk or a main branch of a cerebral artery affect large regions of the brain, whereas occlusions in peripheral branches affect smaller regions. Furthermore, the distributions of the cerebral arteries overlap slightly at their boundaries, so that occlusions at the periphery of an artery’s distribution may not cause as much brain damage as might be expected because of collateral blood supply from an adjacent artery. These areas of overlapping blood supply are called watershed areas (see Figure 1-17).


Now we leave the central nervous system and move to the peripheral nervous system, which connects the central nervous system to the world outside.






Peripheral Nervous System


The peripheral nervous system is the conduit for sensory information from the body’s sensory receptors to the central nervous system and for motor commands from the central nervous system to the muscles. The major components of the peripheral nervous system are the cranial nerves and the spinal nerves.




Cranial Nerves


Motor fibers in the cranial nerves control muscles in the head and neck. Sensory fibers in the cranial nerves transmit information from sensory receptors in the head and neck to the central nervous system. Most cranial nerves connect with the central nervous system in the midbrain, pons, and medulla.




General Concepts 1-4


• Two vertebral arteries and two internal carotid arteries supply blood to the brain. The basilar artery connects the vertebral arteries to the circle of Willis.


• The circle of Willis is a ring-shaped set of arteries at the base of the brain. It connects the basilar artery and the carotid arteries to the cerebral arteries, which supply blood to the brain hemispheres.


• The circle of Willis may help to mitigate the effects of occlusion of a feeder artery below the circle of Willis by making it possible for blood supplied by other feeder arteries to reach the cerebral arteries.


• Three pairs of cerebral arteries supply blood to the brain hemispheres. The anterior cerebral artery supplies the upper and anterior frontal lobes and the anterior corpus callosum. The middle cerebral artery supplies the posterior frontal lobe, most of the parietal and temporal lobes, plus the thalamus and basal ganglia. The posterior cerebral artery supplies the occipital lobe and the inferior temporal lobe.


• Occlusions of the main branch of a cerebral artery are more serious than occlusions in watershed regions, where the distributions of the cerebral arteries overlap.






Clinical Tip


Cranial nerves 1 (olfactory) and 2 (optic) are sensory tracts that project directly into the brain above the brain stem. Therefore, they probably ought to be considered parts of the central nervous system. However, they were called cranial nerves in the nineteenth century, and the custom persists.




Twelve cranial nerves originate on each side of the central nervous system midline. Each cranial nerve controls muscle groups on its side of the midline or receives sensory input from receptors on its side of the midline. Traditionally the 12 paired cranial nerves are labeled from top to bottom with the Roman numerals I through XII, a labeling system that began with Galen, a Roman physician who died about 200 AD. Contemporary writers (including this one) often substitute Arabic numerals for Roman numerals. The names of the cranial nerves often are abbreviated (e.g., CN 1, CN 3).


Each cranial nerve has been given a name. Some are descriptive: optic (CN 1), olfactory (CN 2), and facial (CN 7). Some are cryptic: trigeminal (CN 5) and vagus (CN10). Some serve only motor functions: (CN 3, CN 4, CN 6, CN 11, and CN 12) and some serve only sensory functions: (CN 1, CN 2, and CN 8). The remainder, CN 9, serves both motor and sensory functions. The cranial nerves, their names, their motor or sensory functions, and their connections into the central nervous system are summarized in Table 1-1. Several mnemonic devices (most scatological) have been devised by students who must memorize the cranial nerves and their names. I pass along the following socially acceptable, but not very literary, mnemonic:





Table 1-1


The Cranial Nerves




	Nerve
	Name
	Type
	Function
	Mnemonic




	 1
	Olfactory
	S
	Smell, taste
	On



	 2
	Optic
	S
	Vision
	Old



	 3
	Oculomotor
	M
	Eye and eyelid movement
	Olympus’s



	 4
	Trochlear
	M
	Eye movement
	Towering



	 5
	Trigeminal
	S, M
	Sensation from face; motor to masseters, palate, pharynx
	Tops



	 6
	Abducens
	M
	Eye movement
	A



	 7
	Facial
	S, M
	Sensation from anterior tongue; motor to facial muscles
	Finn



	 8
	Vestibular
	S
	Balance, hearing
	And



	 9
	Glossopharyngeal
	S, M
	Sensation from posterior tongue, soft palate, pharynx; motor to pharynx
	German



	10
	Vagus
	S, M
	Motor to larynx, pharynx, viscera; sensation from viscera
	Vend



	11
	Accessory (spinal accessory)
	M
	Motor to larynx, chest, shoulder
	At (some)



	12
	Hypoglossal
	M
	Motor to tongue
	Hops
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S, Sensory: M, motor.







• On old Olympus’s towering tops


• A Finn and German vend at hops


Calling the accessory nerve the spinal accessory nerve makes the mnemonic slightly more literary.





• On old Olympus’s towering tops


• A Finn and German vend some hops




Spinal Nerves


The spinal nerves provide motor input to or gather sensory information from the viscera, the blood vessels, the glands, and the muscles below the head and neck. The human nervous system contains 31 pairs of spinal nerves, divided into five divisions. From top to bottom they are (Figure 1-18):
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Figure 1-18 The human central nervous system, showing the vertical location of cranial and spinal nerves and the division of spinal nerves into cervical, thoracic, lumbar, and sacral nerves.








• Cervical (8 pairs)


• Thoracic (12 pairs)


• Lumbar (5 pairs)


• Sacral (5 pairs)


• Coccygeal (1 pair)


Each spinal nerve has a sensory dorsal root and a motor ventral root connected to the posterior and anterior columns of the spinal cord, respectively. Because of the location of their cell bodies, spinal sensory neurons are called posterior horn cells, and spinal motor neurons are called anterior horn cells. The anterior and posterior spinal columns sometimes are called the anterior and posterior horns.




Clinical Tip


The names of spinal nerves, like the names of cranial nerves, often are abbreviated. C3 stands for the third cervical nerve, T4 for the fourth thoracic nerve, and so on (see Figure 1-18).






General Concepts 1-5


• Cranial nerves and spinal nerves are parts of the peripheral nervous system.


• Cranial nerves serve structures in the head and neck. Spinal nerves serve structures in the torso and limbs.


• Most cranial nerves arise from nuclei in the brain stem. Spinal nerves arise from nerve cell bodies in the central gray matter of the spinal cord. Each spinal nerve has an anterior motor (efferent) branch and a posterior sensory (afferent) branch.









Central Nervous System Functional Anatomy



Cerebral Cortex



Neuroanatomists typically divide the cortex of the human brain into two functional categories, the primary cortex and the association cortex. The primary cortex is responsible for specific motor or sensory functions. The association cortex is responsible for combining, refining, interpreting, and elaborating crude sensory information coming from primary cortical sensory areas and for organizing and planning action sequences for the primary motor cortex. In simple terms, the association cortex interprets sensory information and plans motor activity.




Primary Cortex


The first functional region of the primary cortex to be identified by neuroanatomists was the primary motor cortex, a narrow strip of cortex in front of the central fissure in each hemisphere, corresponding roughly to the precentral gyrus. Nerve cells in the primary motor cortex are responsible for initiating and controlling voluntary and precise skilled movements of muscles contralateral to (on the opposite side of the body from) the primary motor cortex.


The primary somatosensory cortex is a narrow strip of cortex behind the central fissure in each hemisphere, corresponding roughly to the postcentral gyrus. The primary somatosensory cortex is responsible for somesthetic (skin, muscle, joint, and tendon) sensation from the contralateral side of the body. (Lower structures in the brain mediate gross perception of pain, temperature, and light touch.)




Clinical Tip


Some contemporary neurophysiologists (e.g., Nolte, 1993) combine the motor and somatosensory cortices into a single sensorimotor cortex, apparently to highlight the important role somatosensory information plays in regulation and control of movement. For simplicity’s sake I have elected to remain with the traditional division of precentral and postcentral cortex. However, the reader should keep in mind that the somatosensory cortex plays an important role in regulating and controlling almost all volitional movement.




The primary auditory cortex in each hemisphere is on the upper surface of the temporal lobes, just below the lateral fissures; this corresponds roughly to the transverse temporal gyrus, better known as the gyrus of Heschl. The auditory cortex in each hemisphere receives input from both ears, and together they are responsible for hearing.


The primary visual cortex in each hemisphere is located in the occipital lobe, next to the calcarine fissure. It is responsible for vision; each visual cortex receives half the visual input from each eye. (This is discussed in more detail later.)


The primary olfactory cortex is located in the posterior inferior frontal lobe and is responsible for our sense of smell.


Figure 1-19 shows the location of these functional (auditory, visual, and olfactory) areas.
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Figure 1-19 The association areas and primary auditory, visual, and olfactory cortex of the human brain. The association areas, like the lobes, represent arbitrary divisions. No differences in brain architecture mark these divisions, and their size and location vary, depending on who is drawing the picture. The right hemisphere contains mirror-image representations of these cortical areas.





The regions of the primary cortex are organized so that tactile sensations from the skin, visual sensations from the eyes, or auditory sensations from the ears are projected onto their primary cortical regions in topographic arrays, with point-to-point connections between the cortex and tactile receptors in the skin, visual receptors in the eyes, and auditory receptors in the cochlea and the cortex. (The olfactory cortex seems not to be arranged topographically.)




Association Cortex


Several association areas in the human brain have been described in the literature; four of these are most relevant to cognition, language, and communication (see Figure 1-19).





• The frontal association cortex is a strip of cortex just in front of the primary motor cortex. Sometimes the frontal association cortex is called the premotor cortex. It plays an important part in planning complex volitional movements.


• The parietal association cortex is an area of cortex in the mid- and posterior parietal lobes. It participates in processing tactile information and is responsible for position sense, visuospatial processing, and awareness of extrapersonal space.


• The temporal association cortex is a strip of cortex in the mid-temporal lobe. It is important for discriminating and processing auditory information and for many language-related processes.


• The parieto-temporo-occipital association cortex, as its name implies, is a strip of cortex at the junction of the parietal, temporal, and occipital lobes. The left-hemisphere parieto-temporo-occipital association cortex participates in processes involved in reading. The right-hemisphere parieto-temporo-occipital association cortex participates in processes related to spatial awareness. (The parieto-temporo-occipital association cortex is not shown in Figure 1-19 because it overlaps portions of the primary auditory cortex, the parietal association area, and the temporal association area.)


Damage or destruction of an association cortex does not cause specific motor or sensory deficits, but it impairs discrimination, recognition, or comprehension of categories of stimuli, depending on which region of association cortex has been affected. For example, impairment of the temporal association cortex may prevent a person from recognizing the significance of sounds, even though the person’s perception of sounds is intact.







Lobes of the Brain



Frontal Lobes



The frontal lobes are intimately involved in planning and executing volitional behavior. The primary motor cortex in the posterior frontal lobes is responsible for initiating complex volitional movements. The premotor cortex, just in front of the primary motor cortex (and sometimes called the frontal association area), is responsible for planning volitional movements (see Figure 1-19). The anterior frontal lobes regulate general activity levels and play a role in formulating intentions, plans, and patterns for volitional behavior. Some anatomists identify a small patch of cortex inside the superior longitudinal fissure directly in front of the primary motor cortex for the leg as the supplemental motor cortex. The precise function of the supplemental motor cortex is not uniformly agreed upon, but it may be important for planning movements that are under internal control (e.g., performing movements from memory.)


Damage to the primary motor cortex causes weakness or paralysis of muscle groups on the contralateral side of the body. Damage to the premotor cortex causes disruption of complex volitional movements. Damage to the anterior frontal lobes may cause a variety of impairments, including disturbed affect, attentional impairments, and difficulties initiating and maintaining behavior. Whether the left and right anterior frontal lobes serve different cognitive or behavioral functions is not well understood, in part because unilateral damage to otherwise normal frontal lobes is relatively rare (Gainotti, 1991). Consequently, the two frontal lobes usually are lumped together when anterior frontal lobe syndromes are described.




Parietal Lobes


The parietal lobes are important for perception, integration, and mediation of touch, body awareness, and visuospatial information. The primary sensory cortex, responsible for somesthetic sensation, forms the anterior margin of each parietal lobe, and the strip of cortex just behind it appears to be important for interpretation of somesthetic sensory information. Damage in the latter strip of cortex sometimes causes a (contralateral) phenomenon called tactile agnosia (or astereognosis), in which a person is unable to recognize objects by touch despite intact tactile perception. Damage in the association cortex in either parietal lobe typically disturbs position sense and causes various visuospatial impairments in which the patient has difficulty drawing or copying geometric designs, discriminating complex visual stimuli, and appreciating spatial relationships, including attention to locations in extrapersonal space.




Temporal Lobes


The temporal lobes are important for perception and processing of auditory stimuli. The primary auditory cortices are located in the upper temporal lobes, and auditory and auditory-visual association areas are found in the mid-temporal and posterior temporal regions, respectively. The anterior temporal lobes appear to be important for pitch discrimination and for separating an auditory signal from a noise background, such as when one engages in conversation at a cocktail party. The association cortex in the left temporal lobe is important for comprehension of verbal material, both spoken and written, and for language processes involving semantics and syntax. The right temporal lobe appears to be important for interpretation of complex nonverbal visual stimuli and for recognition and comprehension of nonverbal sounds, including receptive components of music. Damage in the temporal association cortex sometimes causes auditory agnosia (inability to recognize familiar sounds, although hearing is intact).




Occipital Lobes


The occipital lobe in each hemisphere contains the primary visual cortex and the visual association area. Destruction of visual cortex in either hemisphere causes blindness in regions of the contralateral visual fields. Damage in the association cortex adjacent to the visual cortex in either hemisphere typically causes visual agnosia (inability to recognize familiar, visually presented stimuli, even though visual perception is adequate) and distorted visual perceptions. Damage in the visual association cortex in the left hemisphere usually causes severe reading impairment. Bilateral destruction of the visual cortex results in a phenomenon called cortical blindness. Patients who are cortically blind have extreme difficulty discriminating visual shapes and patterns, but remain sensitive to light and dark. A few cortically blind patients may perceive gross characteristics of simple visual stimuli, although they are unable to describe them or incorporate them into other mental activity.




General Concepts 1-6


• The primary olfactory cortex is in the inferior frontal lobes.


• The primary motor cortex in each hemisphere is responsible for skilled volitional movement of contralateral muscle groups. Neurons in the left motor cortex connect with muscles on the right side of the body and vice versa.


• The premotor cortex, just in front of the primary motor cortex in each hemisphere, is a strip of association cortex responsible for organizing and planning complex volitional movements.


• The primary sensory cortex in the anterior parietal lobe of each brain hemisphere is responsible for contralateral skin, muscle, joint, and tendon sensation.


• The parietal association cortex is responsible for position sense and for interpreting tactile and visuospatial information.


• The primary auditory cortices are in the upper temporal lobes. The temporal association cortices are responsible for interpreting auditory information.


• The association cortex in the left temporal lobe is responsible for many language-related processes.


• The association cortex in the right temporal lobe is responsible for interpreting nonverbal auditory information, including receptive aspects of music.


• The primary visual cortex is in the posterior occipital lobe. The parieto-occipital region is responsible for interpreting complex visual stimuli. The left hemisphere parieto-occipital region is important for visual processes involved in reading.








The Motor System


Normal motor performance depends on the integrated activity of three systems: the pyramidal system, the vestibular-reticular system, and the extrapyramidal system. Damage in any one system produces characteristic impairment of motor performance that often points to the location and sometimes to the nature of the damage.




Pyramidal System


The pyramidal system is responsible for initiating most, if not all, skilled volitional movement. It begins at pyramidal neurons in the cerebral cortex (these are called pyramidal neurons because they have pyramidal shapes). The axons of pyramidal neurons converge into a dense band of nerve fibers that descends through the internal capsule to synapse with neurons in the brain stem and spinal cord.


The pyramidal system is a direct system. Direct means that the only synapses in the pyramidal system are where neurons in the brain cortex connect with neurons in the brain stem or spinal cord. (Some of the axons in the pyramidal system are 2 or 3 feet long. The longest axons are those that synapse with the lowermost spinal nerves.) The smaller the number of synapses in a neural circuit, the faster is the circuit’s response time. Pyramidal circuits, being single-synapse circuits, have especially quick response times.


The motor neurons in the pyramidal system are called upper motor neurons. The cell bodies of upper motor neurons are located in the primary motor cortex. Their axons pass through the midbrain, brain stem, and spinal cord to synapse with motor neurons in the brain stem and spinal cord (called lower motor neurons). The lower motor neurons synapse with muscles at specialized junctions called motor endplates.




Clinical Tip


The pyramidal system fibers that connect with neurons in the brain stem are called the corticobulbar tract, and the fibers that connect with neurons in the spinal cord are called the corticospinal tract. In total, the fiber tracts of the pyramidal system are called projection fiber tracts.




The neurons in the primary motor cortex are arranged topographically so that a functional map of the motor cortex can be created, showing which cortical areas are responsible for volitional movements of given muscle groups. Such a map, sometimes called a homunculus (little man), is shown in Figure 1-20.
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Figure 1-20 A homunculus, representing the allocation of motor function in the motor cortex. The size of the body part portrayed in the figure represents the amount of cortex devoted to innervation of the muscles in that body part.







Clinical Tip


The word homunculus dates from the sixteenth and seventeenth centuries, when it referred to an exceedingly minute human body that was thought to inhabit each sperm cell. Development of the embryo and subsequent growth from infant to adult were believed to represent the growth of the homunculus.




As can be seen in Figure 1-20, cortical responsibility for muscle groups is arranged in upside-down fashion on the motor cortex. That is, the motor cortex for the foot and toes is located at the top of the primary motor cortex, and representation for the knee, hip, shoulder, elbow, wrist, hand, and face progresses laterally and downward. The representation of the body in Figure 1-20 looks odd because the size of a body part in the figure represents the amount of motor cortex assigned to muscle groups and relates in a general way to the precision of movement required from muscle groups. The hand, mouth, tongue, larynx, and lips are allocated large amounts of motor cortex relative to the trunk, legs, and upper arms because the muscles of the hand, mouth, tongue, larynx, and lips perform more diverse, intricate, and precise movements than do the muscles of the trunk, legs, and upper arms.


The primary somatosensory cortex is not part of the pyramidal system, but I describe it here because of its location near the primary motor cortex, its topographic similarity to the motor cortex, and its importance to skilled movement. The primary somatosensory cortex, located just behind the central fissure, is topographically arranged as a mirror image of the motor cortex. Sensation from the face is represented at the lower (lateral) end of the sensory cortex, and sensation from the foot is represented at the top, inside the superior longitudinal fissure.




Vestibular-Reticular System


The vestibular-reticular system (also not part of the pyramidal system but related to it) is responsible for balance and orientation of the body in space and for maintaining general states of attention and alertness. The vestibular-reticular system is made up of neurons scattered throughout the brain stem and cerebellum. Like pyramidal system neurons, the neurons in the vestibular-reticular system synapse with lower motor neurons. Unlike the pyramidal system, the vestibular-reticular system is not under volitional control; its functions are largely automatic and preprogrammed. Some writers combine the vestibular-reticular system with the extrapyramidal system. Although they have structural similarities, they serve different functions, so they are described separately here.




Extrapyramidal System


The extrapyramidal system is a diffuse system of subcortical structures and pathways arising from diverse locations in the central nervous system (primarily the basal ganglia) and projecting to cranial and spinal nerves. (According to some neuroanatomists, “extrapyramidal” is synonymous with “basal ganglia.”) The extrapyramidal system is phylogenetically older than the pyramidal system, and it is an indirect system, which means that it is made up of networks of neurons, with chains of neurons and multiple synapses between the origin and destination of any extrapyramidal system pathway. The extrapyramidal system does not initiate movements, but rather adjusts muscle tone and posture concurrent with volitional movements. Damage in the extrapyramidal system distorts or abolishes volitional movements and causes involuntary movements to appear.




Clinical Tip


Because of its diffuseness, some writers dismiss the concept of the extrapyramidal system as a convenient fiction without neuroarchitectural validity. (The same could be said about many other conventional physiologic divisions.) These writers argue that the concept of the extrapyramidal system should be abandoned, and some contemporary descriptions of the nervous system do not mention it. However, the demise of the extrapyramidal system seems likely to be a slow one because it has a long history, and it provides “a convenient shorthand for two broad classes of motor disorders” (Nolte, 1993).




Because the paths of the pyramidal, vestibular-reticular, and extrapyramidal systems are common throughout much of their course, an injury that affects one frequently affects all three. Therefore, we commonly see combinations of pyramidal, extrapyramidal, and sometimes vestibular signs when any of the divisions is damaged.




How the Nervous System Produces Volitional Movement


The process by which the nervous system produces volitional movement is complex and not completely understood. It is clear that several subsystems participate in all but the simplest movements. The following simplified scenario provides a general sense of the process by which the nervous system moves from intention to action.


Activation of cortical regions in the anterior frontal lobes prepares the motor system for movement. The premotor cortex creates a set of neurally coded instructions for the intended movements and transmits the instructions to the primary motor cortex. The primary motor cortex sends the command and control information necessary to execute the plan to the cranial nerves (via the corticobulbar tract) and spinal nerves (via the corticospinal tract). The vestibular nuclei, midbrain, and reticular formation adjust balance and posture before and during the movement. The cerebellum modulates the rate, force, and direction of the movement. The extrapyramidal system adjusts muscle tone and posture to make the movement smooth and continuous.







Thought Questions



Question 1-1



Mr. Johnson is a 72-year-old right-handed man who has just suffered a thrombotic stroke in the posterior branch of his middle cerebral artery. Mrs. Redmond is a 53-year-old right-handed woman who has just suffered a thrombotic stroke in the posterior watershed region of her left middle cerebral artery. Describe the probable nature and magnitude of their impairments and describe any differences that you might expect in their neurologic recovery.




Question 1-2


Mr. Carillo arrives in the emergency room complaining of double vision, slurred speech, weakness in his left arm, back pain, and a severe headache. He states that he has been in good health for the last several years except for mild hypertension, for which he takes medications, and denies previous episodes suggestive of neurologic problems. He states that he works as a mechanic in a local garage and that his symptoms began shortly before lunch time. He denies falling or any workplace accidents. He states that the back pain began as he was helping a co-worker move a heavy transmission, but that he noticed no other symptoms at that time. At lunch about an hour later his head began to ache. He finished his lunch, but he noticed left arm weakness as he began work. His headache became progressively worse, and he notified his supervisor, who brought him to the emergency room. What happened to create Mr. Carillo’s symptoms?




Question 1-3


Patients who are experiencing subfalcine herniation often complain of weakness and sensory loss in one leg. Why does this symptom appear? Which leg will be affected?




Question 1-4


Harry Lang, age 46, appeared at his dentist’s office (Dr. Payne) complaining of increased sensitivity to heat and cold in his left upper molars. He reported that he had some sensitivity to heat and cold in the affected teeth for many months, but that within the past day the sensitivity had suddenly increased to the point that either hot or cold substances touching the teeth caused sudden, stabbing pain that radiated from his jaw up into his left cheek. “It feels like someone ran a red-hot poker up inside my head.” Harry’s dentist checked over Harry’s teeth and found moderate abrasion at and above the gum line in the affected teeth. He explained to Harry that the abraded areas probably permitted heat and cold to reach the nerves within the teeth and recommended that Harry switch to a toothpaste for sensitive teeth. Harry switched to the recommended tooth-paste, but his symptoms persisted. He called his dentist, who told Harry, “Well I guess you’ll just have to live with it.” Harry decided to see Dr. Luck, another dentist. Harry described his symptoms to Dr. Luck, and after examining Harry, Dr. Luck recommended that Harry see a neurologist. Why do you think Dr. Luck made that recommendation?




Question 1-5


There is an interesting difference between the United States and England in the laterality of Bell’s palsy (paralysis of muscles on one side of the face, caused by inflammation or damage in the facial nerve—CN 7). In the United States, Bell’s palsy affects the left side of the face significantly more often than it affects the right side of the face. In England, Bell’s palsy affects the right side of the face significantly more often than it affects the left side of the face. What might explain this puzzling phenomenon?








Chapter 2



Neurologic Assessment






The greatest mistake in the treatment of diseases is that there are physicians for the body and physicians for the soul, although the two cannot be separated.


(Plato)
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Most patients with neurogenic communication disorders are examined by a physician (usually a neurologist) and perhaps by other clinicians before they arrive at the speech-language pathologist’s door. The physician’s report of the examination and those provided by other disciplines (e.g., physical therapy or nutrition) provide important information about the origin, nature, and potential course of the neurologic problems underlying a patient’s communication disorders. Understanding the content of the neurologic examination and related reports is vital for speech-language pathologists who participate in a patient’s care. Speech-language pathologists who serve patients with neurogenic communication disorders must understand the causes and characteristics of a patient’s neurologic impairments and take them into account when designing or performing testing or treatment. Speech-language pathologists who wish to get and keep the respect of health care professionals must be conversant with medical terminology, the physical and neurologic examination, and the laboratory tests commonly ordered for patients with neurogenic cognitive-communicative disorders.


This section provides an overview of how a physician (or other health care professional) goes about examining a patient with suspected neurologic involvement; it also summarizes the information gathered in the examination and tells how the results of the examination and related laboratory tests are reported in a patient’s medical record.


The physician typically begins the neurologic examination by interviewing the patient and family members to find out what brought the patient to the medical facility, how the symptoms first expressed themselves, and how they have changed over time. Then the physician evaluates the patient’s motor, sensory, and mental status. After examining the patient, the physician may order laboratory tests or imaging studies to answer unresolved questions about the nature and severity of the patient’s nervous system abnormalities.






The Interview and Physical Examination



Symptom Development



Many diseases and pathologic processes exhibit characteristic progressions of symptom development that point toward a diagnosis. Gradual and uninterrupted development of symptoms over months to years suggests a slowly progressive degenerative disease (e.g., Huntington’s disease, Alzheimer’s disease), or the pathologic processes underlying the variants of primary progressive aphasia or progressive apraxia of speech, or a slowly growing tumor. Rapid and uninterrupted development of symptoms over days to weeks suggests infection, a rapidly growing tumor, or a progressive degenerative disease, such as amyotrophic lateral sclerosis. Rapid development of symptoms over minutes to hours suggests occlusive vascular disease of large arteries, an intracerebral hemorrhage, or a subdural hematoma. Gradual development of symptoms over months or years, punctuated by periods of remission ranging from weeks to months, suggests occlusive vascular disease of small arteries or a slowly developing degenerative disease, such as multiple sclerosis (Figure 2-1). These diagnoses are of course dependent not only on their time course but also on the specific areas of impairment that they produce.
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Figure 2-1 The progression of symptoms in major categories of neurologic disease. These curves represent overall trends. Specific diseases within a category may differ from the trend for the category in which the disease is located. For example, multiple sclerosis is a degenerative disease with an overall pattern of gradually increasing severity, but there may be periods of exacerbation and remission.







Family History


Some neurologic diseases are hereditary or familial. (Hereditary diseases have a definite genetic inheritance pattern; familial diseases have a greater-than-expected occurrence in families but do not exhibit a definite inheritance pattern.) Several progressive neurologic diseases are hereditary (e.g., Huntington’s disease, myotonic dystrophy, Friedreich’s ataxia). Some dementing illnesses and some forms of epilepsy may be familial. When a disease is hereditary and the inheritance pattern is known, the family history and the patient’s complaints may lead directly to a diagnosis. When a disease is known to exhibit familial patterns, the history may point to a probable diagnosis, in which case the patient’s symptoms and the results of the neurologic examination and laboratory tests serve primarily to confirm or refute the hypothesized diagnosis.





The Neurologic Examination


In the neurologic examination the physician systematically evaluates the functional state of each part of the nervous system. He or she assimilates, integrates, and analyzes information from the patient’s medical history, current signs and symptoms, and the neurologic examination to arrive at a diagnosis of the nature and location of nervous system pathology. There is typically no standard neurologic examination, and different physicians go about the examination in different ways. However, all cover the major components of the nervous system: the motor system, the sensory system, equilibrium, consciousness, and mentation. Most begin with assessment of the motor and sensory functions served by the cranial nerves.






The Cranial Nerves



History and Current Complaints



Patients with pathology affecting sensory cranial nerves or the sensory branches of mixed cranial nerves typically complain of diminished or distorted sensation. Some patients report sensory hallucinations in the modality of the affected nerve (ringing or buzzing sounds, flashes of light, tingling or shock like sensations). Patients with pathology affecting motor cranial nerves or the motor branches of mixed cranial nerves complain of diminished strength or paralysis (sometimes called palsy) of the muscles served by the nerve. Cranial nerve or cranial nerve nucleus pathology creates motor and sensory deficits on the same side of the body as the damaged nerve or nucleus. When the pathology is in fibers connecting the cranial nerve to the brain (the corticobulbar tract), motor and sensory impairments are on the side of the body opposite the damaged nerve fibers.




Clinical Tip


A general rule of thumb: Central nervous system damage to motor or sensory nerves above the medulla (where pyramidal fibers decussate) causes impairment on the side of the body opposite the damage. Central (and peripheral) nervous system damage to motor or sensory nerves below the medulla causes impairment on the same side as the damage.






Cranial Nerve Function


Examination of the cranial nerves (CNs) typically begins at the top, with CN 1, and progresses downward to CN 12. The examiner (typically the physician, if a diagnosis of disease is the goal of the examination) may forego evaluation of the olfactory nerve (CN 1) in a routine neurologic examination unless there is reason to believe that CN 1 has been injured or is a clue to the specific diagnosis in question. Injury to the olfactory nerve causes loss of the sense of smell (anosmia). If injury or disease of the olfactory nerve injury is suspected, the examiner tests its function by asking the patient to identify odors such as cloves, peppermint, coffee, or tobacco.




Clinical Tip


Most injuries to the olfactory nerve are caused by traumatic injuries, especially falls in which the back of the person’s head strikes a hard surface. The impact stretches and shears the olfactory nerve. The person loses the sense of smell and also appreciation of complex taste sensations that depend on olfaction but retains perception of elementary taste sensations (sweet, sour, salty, and bitter), which depend on sensory receptors on the tongue. Occasionally a frontal lobe tumor may press on the olfactory bulb and cause loss of the sense of smell. Loss of smell is also a frequent early sign of some degenerative diseases, such as Alzheimer’s disease.




The optic nerve (CN 2) carries visual information from the eyes to the visual cortex. Pathology affecting the optic nerve may cause loss of visual acuity, blindness in portions of the visual field, or impairment of color vision, especially red and green. Sensory information transmitted by the optic nerve is necessary for the pupillary light reflex (i.e., constriction of the pupil when a bright light is shined on the eye); CN 3 innervates the muscles that accomplish the pupillary light reflex.


Testing the patient’s muscles that accomplish the pupillary light reflex is typically done by estimating the size and symmetry of pupils in their responsiveness to light (the pupillary light reflex). An ophthalmoscope is used to evaluate the condition of the optic disc (a yellowish, oval region of the retina at the back of the eye). Examining the optic disc provides information about a variety of conditions, most of which do not involve the optic nerve. Optic disc swelling (papilledema) may suggest increased intracranial pressure, inflammation, or an ischemic condition. Fading (pallor) of the optic disc and impaired visual acuity or visual field blindness suggests optic nerve malfunction, often caused by inflammation, nutritional deficiency, or degenerative disease.


Next, the cranial nerves that innervate the external muscles of the eyes (the muscles collectively are called the extraocular muscles) are assessed. The extraocular muscles are served by three cranial nerves: oculomotor (CN 3), trochlear (CN 4), and abducens (CN 6). The extraocular muscles move the eyes laterally and vertically and fix the eyes on the same spatial location. At rest, equal and opposing actions of the extraocular muscles (six for each eye) keep the eyes looking straight ahead. When the eyes move, the extraocular muscles act together to keep the eyes moving in synchrony.


When the function of an extraocular muscle is disrupted (a condition called ophthalmoplegia), the eye served by the affected muscle cannot be moved in the direction of the affected muscle and may deviate in the opposite direction because of the unopposed action of the other extraocular muscles. Patients with extraocular muscle weakness or paralysis often complain of double vision (diplopia) because the affected eye is not looking in the same direction as the unaffected eye. The diplopia often disappears when the patient looks in the direction in which the affected eye deviates because that brings the two eyes into alignment.


Injury to the oculomotor nerve (CN 3) causes the patient’s eyelid on the affected side to droop (ptosis) because the muscles that raise the eyelid are paralyzed. Oculomotor nerve injury can also cause chronic downward and outward deviation of the affected eye because the muscles that rotate the eye upward and inward (the medial rectus, superior rectus, and inferior oblique muscles) are paralyzed and do not counteract the action of the lateral rectus muscle, which is innervated by the abducens nerve (CN 6). Patients with oculomotor nerve injury often experience diplopia except when looking downward and outward (when both the affected and unaffected eyes are looking in the same direction). The oculomotor nerve also innervates the muscle that changes the pupillary opening. Injury to the oculomotor nerve disrupts the pupillary light reflex and also the pupillary accommodation reflex (i.e., constriction of the pupils when the eyes converge to focus on a near object).


Injury to the trochlear nerve (CN 4) paralyzes the muscle that moves the eyes downward (the superior oblique muscle), causing chronic upward and outward deviation of the affected eye because of the unopposed action of the other extraocular muscles. The patient experiences diplopia when looking down because the affected eye cannot follow the downward movement of the unaffected eye. Patients with trochlear nerve injury often have trouble descending stairs because of this diplopia. Some learn to tilt their head down and away from the side of the affected eye, thereby bringing the eyes into alignment and eliminating diplopia.


Injury to the abducens nerve (CN 6) paralyzes the lateral rectus muscle, causing inability to rotate the eye outward. The affected eye deviates inward at rest because of the unopposed action of the other extraocular muscles. The patient experiences diplopia when looking toward the side of the affected eye. Figure 2-2 and Table 2-1 summarize the effects of extraocular muscle paralysis on eye movements.
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Figure 2-2 Summary of symptoms generated by paralysis of extraocular muscles.








Table 2-1


How Paralysis of Extraocular Muscles Affects Eye Movements




	Muscle
	Cranial Nerve
	Movement*

	Deviation
at Rest
	Diplopia†





	Medial rectus
	3
	Inward
	Out
	Inward



	Superior rectus
	3
	Upward
	Down and in
	Up and out



	Inferior rectus
	3
	Downward
	Up and in
	Down and out



	Inferior oblique
	3
	Upward
	Down and out
	Up and in



	Superior oblique
	4
	Downward
	Up and out
	Down and in



	Lateral rectus
	6
	Outward
	In
	Outward
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* Movement is the primary direction in which a muscle moves the eye.


† Diplopia occurs when the patient looks in the direction listed.




The evaluation of the extraocular muscles considers the smoothness of eye movements as the patient looks ahead, up, down, laterally, and medially. Nystagmus (abnormal involuntary oscillation of the eyes) during movement sometimes appears when extraocular muscles are weak. Nystagmus that appears when the patient looks in specific directions (gaze-evoked nystagmus) suggests weakness in the muscles that move the eyeball in the direction of the nystagmus. Nystagmus that appears when the patient looks in any direction (multidirectional gaze-evoked nystagmus) usually is caused by anticonvulsant or sedative drugs but can be a sign of cerebellar or vestibular disease.


The trigeminal nerve (CN 5), is the next nerve to be examined. The trigeminal nerve innervates muscles and sensory receptors in the face and oral cavity. The sensory branch of the trigeminal nerve carries information from sensory receptors in the skin of the face, oral and nasal mucosa, eyeballs, teeth, and gums. The motor branch innervates the muscles of mastication.


Evaluation of the trigeminal nerve begins by testing two reflexes that depend on the trigeminal nerve: the corneal reflex (blinking when the eyeball is touched with a wisp of cotton) and the jaw-jerk reflex (elicited when the examiner taps the mandible of the patient’s partially opened mouth). Exaggeration of the corneal and jaw-jerk reflexes implicates corticobulbar tracts above the CN 5 nucleus. Abolition of the corneal reflex and the jaw-jerk reflex implicates CN 5 on the affected side. The function of the motor branch of the trigeminal nerve is tested by asking the patient to open and close the jaw against resistance. Weak jaw muscles and deviation to one side upon opening and closing suggest involvement of the motor branch of the trigeminal nerve.


The sensory branch of the trigeminal nerve is tested by assessing the patient’s sensitivity to touch (light touch or stroking), pain (pinprick), and temperature in the face and anterior scalp. The sensory branch of the trigeminal nerve has three divisions: ophthalmic, maxillary, and mandibular (Figure 2-3). The ophthalmic division provides sensation to the eye, cornea, upper eyelid, bridge of the nose, and anterior scalp. The maxillary division provides sensation to the cheeks, nose, upper teeth and lip, hard palate, and nasopharynx. The mandibular division provides sensation to the skin of the lower jaw, outer ear, lower teeth and gums, lower lip, floor of the mouth, and inside surfaces of the cheek. Injury in any of the three divisions causes loss of sensation in the regions served by that division. Injury to the main trunk of the trigeminal nerve or to its nucleus causes impairment or loss of sensation in all three branches. Irritation of the trigeminal nerve causes severe paroxysmal facial pain (called trigeminal neuralgia, or tic douloureux) and may cause abnormal contraction of the muscles of mastication (trismus).
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Figure 2-3 The three sensory divisions of the trigeminal nerve (CN 5).







Clinical Tip


Trigeminal neuralgia usually develops spontaneously in the middle to late years of life. The most common cause is pressure on the trigeminal nerve by an enlarged artery or vein. Less common causes include tumor, inflammation of the trigeminal nerve, and multiple sclerosis. Treatment begins with medication. If medication is ineffective, surgery may be performed to decompress the nerve. In extreme cases partial destruction of the nerve may be necessary to relieve the patient’s symptoms.




Next, the muscles responsible for facial expression are evaluated. These muscles are served by the facial nerve (CN 7). Injury to the facial nerve causes weakness or paralysis of the muscles of facial expression on the side of injury. Patients with facial nerve damage are impaired in closing their eye on the affected side, cannot wrinkle the forehead or pucker the lips, and may lose taste in the anterior two thirds of the tongue. When the patient’s facial muscles are at rest, paralysis of muscles causes the eyelid on the affected side to droop, the nasolabial fold on the affected side to flatten, and the lips on the affected side to droop. The unopposed action of muscles on the unaffected side may cause the patient’s lips to draw upward on that side when the facial muscles are at rest (Figure 2-4).


[image: f02-04a-9780323078672][image: f02-04b-9780323078672]


Figure 2-4 A patient with right-side facial weakness caused by pathology affecting his right facial nerve (CN 7). A, The man is spontaneously smiling. He has a slight droop on the right side of his mouth. B, The man is volitionally retracting his lips. The muscular effort required to retract his lips on the right causes his right eye to close. (From Duffy JR: Motor speech disorders: substrates, differential diagnosis, and management, St Louis, 1995, Mosby.)






Damage in the facial nerve or its nucleus causes paresis or paralysis of all the facial muscles (upper face and lower face) on the same side as the damage (a condition called peripheral seventh nerve palsy). Damage in the corticobulbar tracts above the facial nerve nucleus causes paralysis of the lower facial muscles on the side opposite the damage (a condition called central seventh nerve palsy). Non-speech facial nerve function is often tested by asking the patient to wrinkle the forehead, close and open the eyes, pucker, smile, and perform other movements of facial muscles both passively and against resistance. If the results of the motor examination suggest cranial nerve pathology, taste sensation may be tested in the anterior part of the patient’s tongue.




Clinical Tip


Because assessing taste sensation requires an array of substances with various tastes, physicians and others interested in its assessment tend not to test taste sensation unless the examination suggests facial nerve or olfactory nerve pathology. Because of the role of the speech-language pathologists in the assessment and treatment of dysphagia and feeding disorders, the assessment of taste has become of greater interest to this profession.




The acoustic-vestibular nerve (CN 8) serves aspects of audition, balance, and position sense. The acoustic (cochlear) branch of CN 8 provides the pathway by which auditory information reaches the brain, and the vestibular branch serves balance and position sense. The function of the acoustic branch of CN 8 is evaluated by testing the patient’s hearing acuity and complex functions with proper audiometric and electrophysiological equipment. Tests using whispered speech, ticking clocks or watches, and the sounds generated by tuning forks are uncalibrated and unstandardized and are not recommended. If the patient complains of vertigo, the vestibular branch of CN 8 may be assessed by a variety of procedures including caloric testing, in which water is injected into the ear canal and the appearance of nystagmus is monitored. Normally, nystagmus appears within 20 seconds after the water enters the ear canal. If the vestibular branch of CN 8 is compromised, nystagmus may fail to appear, appear later than usual, or disappear earlier than usual.


The neurologic examination continues its relevance to communication and swallowing with examination of the glossopharyngeal nerve (CN 9) and the vagus nerve (CN 10). Sensory functions of the glossopharyngeal and vagus nerves are tested by evaluating the patient’s sensitivity to touch on the posterior wall of the pharynx and the presence of gag and swallowing reflexes when the posterior tongue and pharynx are stimulated. Diminished or abolished sensation in the posterior pharyngeal wall, loss of taste sensation in the posterior third of the tongue, and loss of the gag or swallow reflexes implicates the sensory branches of CN 9 and CN 10.




Clinical Tip


If the glossopharyngeal nerve is affected, the vagus and the accessory nerves usually are affected also, because they travel through the same small opening in the skull. They are tested together because they share control of some muscle groups.




The motor functions of CN 9 and CN 10 are tested by asking the patient to swallow and by observing the position of the velum (soft palate). Injury to the glossopharyngeal nerve causes the midline of the velum to be displaced away from the side of the injured nerve both at rest and when the patient phonates (because of the unopposed action of contralateral muscles). Vagus nerve injury causes widespread dysfunction of muscles of the soft palate, pharynx, and larynx. Injury to the recurrent laryngeal nerve, which arises from the vagus nerve, causes weakness or paralysis of the ipsilateral vocal fold.




Clinical Tip


Perception of sweet, sour, salty, and bitter tastes depends on sensory receptors (taste buds) in the tongue. The facial nerve (CN 7) innervates taste buds in the anterior two thirds of the tongue and permits perception of sweet, salty, and sour tastes. The glossopharyngeal nerve (CN 9) innervates taste buds in the posterior one third of the tongue and permits perception of bitter tastes. Patients with facial nerve (CN 7) or glossopharyngeal nerve (CN 9) pathology often lose these aspects of taste sensation on one side of the tongue.




The spinal accessory nerve (CN 11) moves muscles of the neck and shoulders. Turning the head to resistance, having the patient resist attempts to rotate the head or elevate the shoulders are ways to test the spinal accessory nerve. Injury to CN 11 causes the shoulder on the affected side to droop, interferes with arm movements above the shoulder on the affected side, and interferes with head turning away from the side of the injured nerve (the left sternomastoid muscle rotates the head to the right).


The hypoglossal nerve (CN 12) provides motor input to tongue muscles that protrude, retract, and curl the tongue. The hypoglossal nerve is evaluated by having the patient protrude, retract, move side-to-side, and curl the tongue. This is typically done freely and to resistance with a tongue depressor. Injury to CN 12 causes the tongue to deviate toward the side of the injured cranial nerve on protrusion because the muscles that pull the tongue forward on the side of the injured CN are weak or paralyzed—or conversely, the muscles on the uninjured side “push” the tongue toward the affected side. CN 12 injury prevents the patient from volitionally moving the tongue to the corner of the mouth on the side of the injured nerve and prevents the patient from pushing the tongue into the cheek on the affected side (because the muscles that pull the tongue toward that side are weak or paralyzed).




Clinical Tip


Speech-language pathologists often carry out similar evaluations of cranial nerve function with patients who have speech, feeding or swallowing impairments caused by weakness, paralysis, or incoordination of muscle groups involved in these functions.




The physician, as well as the speech-language pathologist, tests muscle strength and movement during the cranial nerves examination. This is accomplished by observation or instrumental measurement of muscles at rest and during the performance of specific movements. At rest, one observes signs of involuntary movements (fasciculations, fibrillations) and muscle fiber wasting (atrophy), all of which are signs of compromised innervation. These phenomena are discussed later in this chapter.




Visual Fields


As noted previously, examination of CN 2 (the optic nerve) usually includes assessment of the patient’s visual fields. The presence of visual field blindness suggests damage in an optic nerve, the optic tract, or the visual cortex.




Clinical Tip


The nerve fibers serving vision are called the optic nerve between the eye and the optic chiasm and the optic tract between the optic chiasm and the visual cortex.




The nature of a patient’s visual field blindness provides important clues about the location of damage in the visual system. This is true because of how the human visual system is arranged. In the human visual system, fibers from the temporal half of the left eye and the nasal half of the right eye project to the visual cortex in the left hemisphere and fibers from the temporal half of the right eye and the nasal half of the left eye project to the visual cortex in the right hemisphere. Fibers from the nasal half of each retina cross at the midline (the optic chiasm) to project to the visual cortex in the opposite (contralateral) hemisphere (Figure 2-5).
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Figure 2-5 The human visual system. Each hemisphere receives visual input from the contralateral visual space. Visual fibers from the nasal (inner) half of the retina in each eye cross at the optic chiasm and project to the visual cortex in the contralateral hemisphere. Visual fibers from the temporal (outer) half of each retina do not cross and project to the visual cortex in the ipsilateral hemisphere.





Because light rays travel in straight lines, light rays that pass into the eyes from right-side visual space strike the left side of each retina. From there the visual information is sent to the left-hemisphere visual cortex. Light rays from left-side visual space strike the right side of each retina, and from there the visual information is sent to the right-hemisphere visual cortex (see Figure 2-5).


A confrontation visual field test may be performed to determine whether the patient has damage in the eyes or visual pathways. In a confrontation visual field test, the examiner covers one of the patient’s eyes and asks the patient to look straight ahead while the examiner introduces visual stimuli (usually the examiner’s wiggling finger) into various locations in the patient’s field of vision. Patients with blindness in parts of the visual field do not report stimuli when they are presented in the affected regions of that visual field. Blindness in certain regions of a patient visual field may suggest or confirm the lesion or lesions responsible for the patient’s deficits.


If a lesion destroys one optic nerve (Figure 2-6, A), the patient is blind in that eye. If a lesion destroys the crossing fibers at the optic chiasm (Figure 2-6, B), the patient exhibits bitemporal hemianopia (blindness in the lateral visual fields for both eyes) because the fibers that transmit visual information from lateral visual space in both eye fields are destroyed. Bitemporal hemianopia is a rare phenomenon, most frequently caused by tumors that press on the optic chiasm.
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Figure 2-6 How damage in the human visual system affects vision. Lesions in the optic nerve (see lesion A) cause blindness in the eye served by the nerve. Lesions that destroy the optic chiasm (see lesion B) cause loss of vision in both lateral eye fields, because they destroy the crossing fibers from the nasal half of the retina in each eye. Lesions posterior to the optic chiasm (see lesion C and D) cause contralateral visual field blindness, because they interrupt the fibers from the nasal half of the retina in the contralateral eye and the fibers from the temporal half of the retina in the ipsilateral eye or destroy the visual cortex in one hemisphere.





If a lesion destroys the optic tract posterior to the optic chiasm (Figure 2-6, C), the patient is blind in the contralateral visual half-field. Such blindness is called homonymous hemianopia (or hemianopsia) and occurs as a result of deep lesions in the temporoparietal region. Destruction of the visual cortex in one hemisphere (Figure 2-6, D) also causes contralateral homonymous hemianopia.




Clinical Tip


Homonymous means that the same part of the visual field is affected in each eye. Hemianopia means, literally, half blindness. The first known description of a hemianopia was provided by Hippocrates in the fifth century BCE.




Sometimes visual field blindness affects less than half of a visual field. Such partial blindness is called quadrantanopia(quadrantic hemianopia). Technically quadrantanopia means that vision in one fourth of the visual field is lost, but in practice this label is applied to blindness affecting anywhere from about one third of the visual field to patches comprising less than one eighth of the visual field. Quadrantanopia typically is caused by damage in the upper or lower optic radiations on their way to the visual cortex. Lesions in the inferior parietal lobe may damage the upper optic radiations and cause blindness in the lower quadrant of the contralateral visual field. Lesions in the temporal lobe may damage the lower optic radiations and cause blindness in the upper quadrant of the contralateral visual field. (Inferiorly placed lesions posterior to the optic chiasm produce contralateral superior quadrant blindness, and vice versa.)




Clinical Tip


A general principle: Lesions posterior to the optic chiasm cause contralateral visual field blindness, and lesions anterior to the optic chiasm cause ipsilateral visual field blindness. Lesions high in the optic radiations produce blindness in the inferior regions of the visual fields, and lesions low in the optic radiations produce blindness in the superior regions of the visual fields.




A physician who is uncertain about the presence or extent of a patient’s visual field blindness may request a tangent screen examination or a perimetry examination. In a tangent screen examination, the patient sits in front of a screen that has a visual fixation point in the center. The patient looks at the fixation point while a pinhead (or lights) of various sizes and colors is moved rapidly into and out of the patient’s peripheral visual fields. The patient signals each time he or she detects the stimulus and each time it disappears from sight. The patient’s reports are used to create a graphic representation of the patient’s visual fields.


In a perimetry examination, the patient looks into a concave dome at a central fixation point. A computer-driven program flashes small points of light at various locations on the dome’s surface. The patient presses a button whenever he or she sees a light. The locations at which the patient sees or does not see the stimuli are recorded and tallied by a computer. Perimetry examination yields a graphic depiction of the patient’s visual fields. Some examples of perimetry plots are shown in Figure 2-7.
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Figure 2-7 Examples of three perimetry plots (A, B, and C). The plot at A shows normal visual fields. The lightly shaded areas show the area of vision for each eye. The plot at B shows right homonymous hemianopsia (blindness in the right visual field of both eyes). The dark areas show the area of blindness for each eye. The plot at C shows bitemporal hemianopsia (blindness in the lateral visual fields of both eyes).





A phenomenon called macular sparing is common in visual field blindness. The macula is a small circular area near the center of the retina. It is the area of greatest visual acuity. In macular sparing, vision in the center of the visual field for a hemianopic eye (the part of the visual field served by the macula) is spared. Macular sparing is common in hemianopia caused by posterior cerebral artery occlusions in which the visual cortex is damaged. Macular sparing occurs because a large area of the visual cortex is devoted to the macula relative to the peripheral retina, and the distributions of the posterior cerebral artery and the middle cerebral artery overlap near the cortical area serving the macula, making collateral blood supply available to this region of the cortex. Macular sparing does not occur if the optic tract is destroyed.


Patients with visual field blindness often mistakenly conclude that they have lost vision in the eye on the side of the vision loss, assuming, logically but erroneously, that the right eye sees everything to the right of the midline and that the left eye sees everything to the left of the midline.




Clinical Tip


Rosalina Vasquez, age 62, was seen by her ophthalmologist. The ophthalmologist assessed her visual fields and found evidence of left homonymous hemianopia. He referred Ms. Vasquez to a neurologist, who confirmed the presence of left hemianopia but also found signs of weakness in her left arm and leg. Subsequent brain imaging tests revealed evidence of a small stroke in Ms. Vasquez’s right temporal lobe.




Bilateral destruction of the visual cortex causes cortical blindness. Patients who are cortically blind typically cannot discriminate shapes and patterns but may be sensitive to light and dark. Sometimes a cortically blind patient’s perception of simple visual stimuli may be preserved, although the patient usually has difficulty reporting them or incorporating them into mental activity. Occasionally patients with cortical blindness may claim that they can see and produce elaborate confabulations when asked to describe their surroundings. This condition is called Anton’s syndrome or visual anosognosia (anosognosia means denial of illness.)




Clinical Tip


When confronted with evidence that he could not see, a 45-year-old, cortically blind patient responded, “Well, it’s no wonder that I can’t tell you what color your shirt is. It’s almost dark in here. Let’s go out where the light’s better, and I’ll tell you what color it is.”









The Motor System



History and Current Complaints



The patient’s description of problems with movement and motor control help to determine the potential involvement of the motor cortex, neural pathways, cerebellum, extrapyramidal system, or nerve-muscle junctions—information that subsequently can be embellished by the neurologic examination. Patients with damage in upper motor neurons or the motor cortex complain of general weakness on one side of the body or of arm, hand, finger, or leg weakness. Patients with leg weakness often report episodes of falling. Patients with cerebellar damage complain more of clumsiness than of weakness, complaining of “slurred” speech and clumsy arms, hands, fingers, legs, and feet. Patients with damage in the basal ganglia typically complain of stiffness, difficulty initiating movement, and tremor of the hands and fingers. Patients with lower motor neuron damage typically complain of weakness in muscles innervated by damaged cranial or spinal nerves. Patients with disturbances of nerve-muscle transmission usually complain of excessive fatigue, double vision, slurred speech, or a combination of such symptoms.




Movement


At the beginning of the examination, it is prudent to watch the patient enter the room and sit down. The examiner observes the patient’s general appearance, posture, gait, and behavior and notes characteristics that may suggest abnormalities in the patient’s motor system, such as stooped or slumping posture; slow, effortful, clumsy, or unintentional movements; diminished or hyperactive spontaneous movement; or muscle atrophy (wasting away). After these observations (which usually take only a few minutes and may be completed during the interview), the patient’s motor system is systematically evaluated. During this part of the examination, the patient’s reflexes, muscle tone, muscle strength, and range (the distance over which the patient’s muscles can be moved or stretched) and speed of movements are evaluated.




Reflexes


Nervous system pathology often abolishes, diminishes, or exaggerates reflexes that normally are present and may cause the appearance of abnormal reflexes that should not be present in adults. The neurologist evaluates both superficial and deep (tendon) reflexes by comparing the presence and magnitude of reflexes on one side of the body with the presence and magnitude of reflexes on the other side. Many physicians use the following rating scale to quantify the presence and magnitude of reflexes:





• 0: Absent


• 1 +: Diminished


• 2 +: Normal


• 3 +: Brisk (faster, greater amplitude)


• 4 +: Clonus (rhythmic contraction, relaxation)




General Concepts 2-1


• The pattern of symptom development and the patient’s family history often provide information that leads to a diagnosis of a patient’s neurologic impairments.


• Assessment of cranial nerve functions is an important part of the neurologic examination. Assessment of cranial nerve function typically begins with CN 1 and progresses to CN 12.


• The function of cranial sensory nerves is estimated by testing the patient’s perception of visual and auditory stimuli and sensitivity to touch, pain, and temperature in the face, scalp, and oral structures.


• The function of cranial motor nerves is estimated by testing the integrity of the pupillary, corneal, and jaw-jerk reflexes; by assessing the range of movement of the extraocular muscles; and by assessing the strength and range of movement of the muscles of facial expression, velum, tongue, jaw, neck, and shoulders.


• Active testing of cranial nerve function is supplemented with observation of muscles at rest to detect signs of atrophy or involuntary movements.


• Injury to the optic nerve or optic tract produces characteristic patterns of blindness affecting portions of the patient’s visual fields.


• Injury to the optic nerve (anterior to the optic chiasm) causes blindness in the eye on the side of the injury.


• Destruction of one optic tract (posterior to the optic chiasm) causes blindness in the visual field contralateral to the side of injury (homonymous hemianopia).


• Destruction of lower optic radiations causes blindness in the upper part of the contralateral visual field. Destruction of upper optic radiations causes blindness in the lower part of the contralateral visual field (quadrantanopia).


• Bilateral destruction of the visual cortex causes cortical blindness.




Superficial reflexes are elicited by stroking, touching, or brushing the surface of body parts. Normal superficial reflexes include the gag reflex (gagging or retching when the back of the tongue or the oropharynx is stimulated); the swallow reflex (swallowing movements when the back of the tongue and pharyngeal walls are stimulated); the corneal reflex (blinking when something touches the cornea); and the plantar flexor reflex (bending downward of the toes when the sole of the foot is stroked).


Pathologic superficial reflexes include the plantar extensor (Babinski) reflex, the palmar (grasp) reflex, and the sucking reflex. The plantar extensor reflex is elicited by forcefully stroking the sole of the foot, causing the toes to bend upward and fan out; in contrast, with the normal plantar flexor reflex, the toes bend downward and do not fan. The palmar (grasp) reflex is elicited by stroking the palm, which causes the hand to close involuntarily. If the grasp reflex is strong, the patient may be unable voluntarily to release objects held in the affected hand. The sucking reflex, as its name implies, consists of reflexive lip protrusion or sucking movements. It is elicited by touching or stroking the patients lips. Pathologic superficial reflexes sometimes are called primitive reflexes, in part because many of them are present in infants and disappear as the infant matures.


Deep reflexes (sometimes called tendon reflexes or deep tendon reflexes) are elicited by tapping tendons or suddenly stretching muscles. Perhaps the best-known tendon reflex is the patellar reflex (or knee-jerk reflex), elicited by tapping the patellar tendon below the kneecap.


Tendon reflexes may be exaggerated, diminished, or absent. Exaggerated reflexes, either alone or in combination with pathologic superficial reflexes, suggest damage in contralateral upper motor neurons (corticobulbar and corticospinal tracts). The damage releases the reflexes from the inhibitory control ordinarily maintained by the cortex and midbrain structures. Diminished or absent reflexes, a condition called areflexia, suggest damage in the peripheral nervous system (lower motor neurons, sensory fibers, reflex arc) or the muscles themselves.




Muscle Tone and Range of Movement


Muscle tone (the tension remaining in a relaxed muscle or muscle group) is evaluated by squeezing individual muscles, moving the patient’s limbs while the patient neither assists nor resists the movement (passive movement), and sometimes by shaking one or more limbs or structures. Range of movement is evaluated by moving each limb through its full range while the patient keeps the muscles relaxed, noting any resistance or the patient’s reports of pain during movement.


Increased resistance to passive movement is called hypertonia. There are two major categories of hypertonia, spasticity, and rigidity. Spastic muscles feel hard to the touch and resist stretching, especially fast stretching. If the examiner moves a patient’s spastic limb slowly, there is little resistance, but if the examiner abruptly increases the rate at which she or he moves the limb, the limb’s resistance to movement increases, a phenomenon called the spastic catch. If the examiner moves a patient’s spastic limb fast enough to create resistance and continues to move the limb at the same rate, the limb’s resistance to movement diminishes (i.e., the clasp knife phenomenon).




Clinical Tip


A clasp knife is a pocketknife with one or more folding blades. When the knife is open, a spring holds the blade firmly in place. When the blade is folded into the handle, the spring’s resistance to blade movement decreases as the blade nears the handle.




In rigidity the relaxed limb evenly resists movement in any direction because of increased resting tone of the muscles. Rigid muscles are hard to the touch and resist active and passive movement. Rigidity affects flexor muscles more than extensor muscles. Consequently, patients with rigidity stand in a stooped posture with curled fingers. Tendon reflexes are not increased by rigidity, but their amplitude may be diminished by a patient’s increased muscle tone. If rigidity affects the facial muscles, the patient exhibits an expressionless, masklike countenance (called masked facies), which is a prominent feature of advanced Parkinson’s disease. Rigidity is a prominent characteristic of many extrapyramidal diseases, including Parkinson’s disease.


Decreased resistance to passive movement is called hypotonia or flaccidity. When shaken, flaccid limbs flop to and fro (the rag doll phenomenon). Tendon reflexes usually are diminished by hypotonia. Flaccid muscles provide little or no resistance to passive movement; therefore, limbs with flaccid muscles often can be hyperextended by the examiner. Diminished muscle tone arises from many diseases affecting the nervous system or the muscles, so the presence of hypotonia does not in itself point to a specific disease. However, hypotonia of the muscles in the distribution of a specific cranial nerve or spinal nerve almost always signifies damage to the nerve or its nucleus.




Muscle Strength


The strength of a patient’s muscles is evaluated by asking the patient to contract them and to maintain the contraction against pressure exerted by the examiner. The strength of muscle groups usually is quantified on a six-point scale recommended by the Medical Research Council (Compston, 1942):





• 5: Normal strength


• 4: Active movement against resistance and gravity


• 3: Active movement against gravity but not resistance


• 2: Active movement only when gravity is eliminated


• 1: Flicker or trace of contraction


• 0: No contraction


Muscle weakness may indicate damage in many locations including the brain, brain stem, spinal cord, extrapyramidal system, neuromuscular junction, or the muscles themselves. Damage in the brain, brain stem, or spinal cord above the level at which corticobulbar or corticospinal fibers decussate (i.e., in upper motor neurons) causes contralateral motor impairment. Several muscle groups or all of the muscles on one side of the body usually are affected, and the affected muscles are spastic (i.e., hyperreflexic and hypertonic).


Damage in cranial nerves or spinal nerves (i.e., in lower motor neurons) typically produces ipsilateral hypotonia and weakness or flaccid paralysis of individual muscle groups. For example, damage to CN 7 (the facial nerve) causes flaccid paralysis in the muscles of the lower face on the side of the nerve damage. Table 2-2 summarizes the signs of damage to upper motor neurons and lower motor neurons.





Table 2-2


Differences in Neurologic Signs Between Upper Motor Neuron Pathology and Lower Motor Neuron Pathology



	Sign
	Lower Motor Neuron
	Upper Motor Neuron




	Weakness, paralysis
	Flaccid
	Spastic



	Atrophy
	Present*

	Absent†




	Tendon reflexes
	Diminished or absent
	Increased



	Pathologic reflexes‡

	Absent
	Present



	Fasciculations, fibrillations
	Often present
	Absent






* Muscle atrophy develops over time and may not be obvious in early stages.


† Muscle atrophy sometimes develops because of prolonged disuse, but muscles remain spastic.


‡ Examples include the plantar extensor (Babinski) reflex, grasp reflex, sucking reflex, and so on.




Diseases of muscles (myopathy) and diseases of neuromuscular junctions typically create no right-left division between affected and unaffected muscles. Instead, the patient experiences general weakness or weakness of large muscle groups in which the weakness is not related to the midline of the body. The muscles in the upper limbs may be weaker than those in the lower limbs, or distal muscles in the hands and feet may be affected more than proximal muscles.




Clinical Tip


In general, motor impairments that respect the midline of the body (affecting only muscles on one side of the midline) suggest nervous system damage rather than damage to the muscles themselves. Central nervous system damage typically causes motor impairments contralateral to the damage, and peripheral nervous system damage typically causes motor impairments ipsilateral to the damage.




Paralysis or severe weakness of one limb is called monoplegia. Paralysis of both limbs on the same side is called hemiplegia. Paralysis of both legs is called paraplegia, and paralysis of all four limbs is called quadriplegia. The suffix denoting weakness is paresis. Substituting paresis for plegia yields labels for limb weakness (monoparesis, hemiparesis, paraparesis, and quadriparesis).




Clinical Tip


Paraplegia and quadriplegia almost always are caused by spinal cord injuries (trauma, infection, vascular accidents). Paraplegia is caused by pathology affecting the lumbar and sacral spine. Quadriplegia is caused by pathology affecting the cervical spine. Monoplegia usually is caused by upper motor neuron damage but occasionally occurs as a result of focal spinal cord pathology. Hemiplegia almost always is caused by upper motor neuron damage.






Volitional Movements


The clinician evaluates the speed, accuracy, and coordination of the patient’s volitional movements next. Slowness of volitional movements can come from many sources. Common nervous system sources include lower motor neuron disease (flaccidity), upper motor neuron disease (spasticity), extrapyramidal disease (rigidity), and peripheral myopathy (weakness). Diminished accuracy of volitional movements (in the absence of deficits in strength or sensation) usually suggests damage in the cerebellum or the extrapyramidal system. Besides producing overall slowing of volitional movements, extrapyramidal damage frequently produces involuntary movements called dyskinesia. These involuntary movements are superimposed on and sometimes replace volitional movements. The form of the involuntary movements often provides helpful clues to indicate which parts of the nervous system are damaged.


Tremor denotes cyclic, small-amplitude, involuntary movements primarily affecting the arms, legs, and head. Distal muscles (farthest from the trunk) are more likely to be affected by tremor than are proximal muscles (nearest the trunk). Some tremor is present in normal muscles (called benign or physiologic tremor), but it is so slight that usually it is not visible. Pathologic tremor may appear in relaxed muscles (resting tremor), during certain postures (postural tremor), or only during movement (intention tremor). Resting tremor is a characteristic sign of Parkinson’s disease. It often begins in the patient’s hand or foot, and over the years it gradually spreads to other muscle groups, causing rhythmic flexion and extension of the fingers, hands, feet, or all three. When it affects the fingers, the thumb and fingers are flexed and the thumb tips rub against the fingertips, giving the tremor its characteristic pill-rolling quality.


Chorea (from the Greek word for dance) refers to quick, forceful, and abrupt involuntary movements (choreiform movements). At rest the muscles of patients with chorea are hypotonic but have normal muscle strength. When a patient’s hand muscles are affected, involuntary movements may interrupt sustained muscle contraction. (Neurology textbooks refer to the result of these involuntary movements in the hands as “milkmaid’s grasp”). Patients with mild chorea appear persistently restless, and their choreiform movements often resemble clumsy volitional movements. Ballism (or hemiballism if the condition affects only one side of the body) is an extreme form of chorea. In ballism the involuntary limb movements are violent and the limbs are flung wildly about, risking injury to the patient’s limbs and to anyone who may be nearby.




Clinical Tip


Some patients with chorea attempt to disguise the involuntary movements by incorporating them into voluntary movements. However, the strategy usually fails, because the combination of voluntary and involuntary movements appears unnatural and exaggerated.




Like some other varieties of pathologic movements, choreiform movements disappear during sleep. Chorea often is a manifestation of hereditary neurologic disease, but it sometimes appears as a consequence of anoxia, brain hemorrhage, toxemia, cerebrovascular disease, or damage in the basal ganglia or other parts of the extrapyramidal system.


Athetosis refers to a condition in which resting muscle groups are disturbed by slow, writhing, sinuous movements that increase with emotional tension and disappear during sleep. Athetosis is especially prominent in neck muscles and proximal limb muscles. Athetoid movements are involuntary and purposeless and appear to flow from one muscle group to another. Patients with chorea sometimes experience a combination of choreiform movements and athetoid movements, a condition called choreoathetosis. Athetosis usually is caused by birth trauma or anoxia that causes damage in the basal ganglia or extrapyramidal system.




Clinical Tip


Athetosis is from a Greek word meaning “without position or place.”




Dystonia is a condition in which muscle groups (especially muscles in the limbs and neck) undergo sustained involuntary muscle contractions. Because the contractions persist and cause gross postural deformation, dystonia sometimes is called torsion spasm. In its less severe forms, dystonia may resemble athetosis, and the terms are sometimes used interchangeably. Dystonia is caused by damage in the basal ganglia or extrapyramidal system. Dystonia often is inherited but sometimes may be a result of prolonged medication (or overmedication) with various psychoactive drugs (e.g., tranquilizers) or drugs for the control of Parkinson’s disease (e.g., levodopa). Pharmacologically induced movement disorders are labeled as tardive dyskinesia.


Myoclonus denotes a condition in which individual muscle groups contract in short, irregular bursts, causing abrupt, brief, twitching movements of the muscle group. The contractions may range from nearly imperceptible movements of a single muscle group to contractions of multiple muscle groups that cause overt movements of the limb, neck, or facial muscles. Myoclonic movements typically are irregular in duration and rate and are most easily observed when the affected muscles are at rest. Persisting myoclonus occurs in epilepsy, dementia, and some cerebellar disorders. Occasional episodes of myoclonus sometimes occur in individuals with no detectable nervous system disease (a jumping leg, the whole-body jerk of light sleep).


Fasciculations are fine, rapid, irregular, twitching movements caused by contractions of groups of muscle fibers. The contractions are not large enough to cause overt limb, head, or facial movements but are observable as dimpling or rippling of the skin over the fasciculating muscle fibers. The presence of fasciculations in combination with weakness, muscle atrophy, or both suggests damage in lower motor neurons (spinal nerves or anterior horn cells in the spinal cord, cranial nerves or cranial nerve nuclei in the brain stem). Normal persons often experience transient fasciculations, and when not accompanied by muscle weakness or atrophy, these movements are not considered a sign of nervous system pathology.


Fibrillations are contractions of a single muscle fiber or a small group of fibers. They are too small to be seen but are measurable with sensitive instruments. Like fasciculations, they may signify damage in lower motor neurons, but individuals without nervous system pathology often experience them. However, persisting fasciculations or fibrillations often are the first signs of lower motor neuron (cranial nerve or spinal nerve) disease.


Tics (sometimes called habit spasms) are stereotypic repetitive movements such as blinking, coughing, throat clearing, or sniffing. Tics usually appear when the affected person is nervous or under stress. Tics can be volitionally inhibited, but when the person’s attention is no longer focused on them, they reappear. Tics have no known relationship to nervous system pathology.


The characteristics of abnormal movements and their common sources are summarized in Table 2-3.





Table 2-3


Characteristics and Common Causes of Abnormal Movements*



	Disorder
	Characteristics
	Frequent Causes




	Intention tremor
	Slow (3-5 cycles per second). Appears during volitional movement or is accentuated by it.
	Cerebellar pathology. Sometimes toxicity, medications.



	Resting tremor
	Moderate rate (4-6 cycles per second). Present when muscles are at rest, diminishes or disappears during volitional movements.
	Extrapyramidal disease, especially Parkinson’s disease. Sometimes heavy-metal poisoning.



	Chorea
	Quick, irregular muscle contractions occurring involuntarily and unpredictably in different muscle groups.
	Basal ganglia or extrapyramidal pathology caused by hereditary diseases, drug toxicity, anoxia, cerebrovascular disorders.



	Athetosis
	Slow, sinuous, writhing movements. May move from muscle group to muscle group. Increase with emotional tension. Disappear during sleep.
	Pathology affecting basal ganglia and extrapyramidal system. Drug toxicity, anoxia.



	Dystonia
	Sustained involuntary contractions of muscle groups, often causing postural distortion (torsion spasm).
	Pathology affecting basal ganglia and extrapyramidal system. Drug toxicity, anoxia.



	Myoclonus
	Abrupt, rapid, nonrhythmic twitching movements of individual muscle groups. Often large enough to cause movements of limbs or other body parts.
	Occurs occasionally in normal persons. Extrapyramidal disease, metabolic disorders, infectious disease.



	Fasciculations
	Rapid, irregular, small twitching movements of small groups of muscle fibers. Do not cause overt movement but can be seen by dimpling or rippling of skin over affected muscles.
	Occasional fasciculations are common in normal persons. Degenerative diseases of anterior horn cells, spinal nerve compression, peripheral nerve disease may cause chronic fasciculations.



	Fibrillations
	Microscopic contractions of small groups of muscle fibers.
	Occasional fibrillations are common in normal persons. Chronic fibrillations may be caused by primary muscle disease, anterior horn cell disease, spinal nerve disease.



	Tics (habit spasms)
	Stereotypic behaviors (e.g., blinking, coughing, throat clearing) appearing when the individual is under stress.
	Not known to be related to nervous system pathology.






* Tremor, chorea, athetosis, dystonia, and myoclonus usually are associated with extrapyramidal system pathology. Fasciculations and fibrillations usually are associated with lower motor neuron (cranial nerve, spinal nerve) pathology.




Central nervous system pathology sometimes causes clumsiness or incoordination of volitional movements, typically but not necessarily in the presence of normal muscle strength, a condition called ataxia. Several forms of ataxia have been described in the neurology literature, but by far the most frequently occurring is cerebellar ataxia (caused, not surprisingly, by cerebellar damage). In cerebellar ataxia the average speed and velocity of ataxic movements is essentially normal, but acceleration at the beginning of movements is slowed and braking at the end of movements lags, causing overshoot of the target. If an ataxic patient is asked to hold a limb in position against resistance and the resistance is abruptly removed, the patient characteristically is unable to relax the muscles quickly, and the limb swings uncontrollably in the direction of the previous resistance (the rebound phenomenon).




Clinical Tip


Ataxia comes from Greek and means “out of order.”




Complex volitional movements or movements requiring rapid changes in direction are the most dramatically affected by ataxia. Complex movements often are broken down into a succession of individual movements with a jerky, segmented quality (called decomposition of movement). Rapid alternating movements (e.g., alternately turning the hands palm up and then palm down) are slow and awkward, and their range and force are distorted and irregular (dysmetria). Ataxic limb movements often are compromised by a slow, coarse tremor that appears as a rhythmic oscillation at right angles to the direction of the movement. Alternating movements of the oral structures (e.g., protruding and retracting the tongue) or of the oral structures during speech (e.g., rapidly repeating pa, ta, ka) can yield similar movements to those of the limbs and fingers.




Gait


If a patient can stand and walk, observation of the patient’s standing and walking often provides screening information that may help determine the nature and location of a patient’s nervous system pathology.


Patients with unilateral corticospinal damage (hemiplegia or severe hemiparesis) walk with what is called circumducted gait; that is, the patient tilts toward the unaffected side and swings the paralyzed leg out and forward from the hip without flexing the knee (this movement is called circumduction of the leg). The patient’s spastic arm is flexed and held close to the body. Patients with mild hemiparesis may swing the affected leg normally but drag the foot because of weakness in the muscles that lift the leg. (These patients often become regular customers at a shoe repair shop because the shoe on the affected side wears excessively.)


Patients with lower motor neuron disease or peripheral myopathy may have difficulty standing and may be unable to maintain erect posture if the leg and hip muscles are affected. If the muscles in the front of the lower leg are affected, the patient may exhibit foot drop, in which the toes hang down as the foot is lifted, leading the patient to lift the leg abnormally high to allow the toes to clear the ground (steppage gait). If the patient’s trunk and hip muscles are involved, the patient may walk with a waddling gait, tipping the pelvis toward the non-weight-bearing side.




Clinical Tip


Patients with impaired position sense in the legs also may exhibit steppage gait. They lift their feet higher than necessary because they cannot tell how far their feet are lifted. However, their toes do not dangle as they step.




Patients with extrapyramidal damage often have abnormal sitting and standing posture and unusual walking patterns because of dyskinesia. Patients with chorea, if they can walk at all, do so in irregular fashion, their progress interrupted by sudden dipping and lurching produced by irregular involuntary contractions in the leg and trunk muscles. Patients with athetosis or dystonia may have difficulty maintaining erect posture because of involuntary movements or contractions of arm and leg muscles. Patients with severe athetosis or dystonia cannot stand or walk unaided. Patients with Parkinson’s disease often assume a stooped, forward-leaning posture on standing, and when asked to walk, they have difficulty starting and stopping. Patients with Parkinson’s disease typically shuffle for a few steps before making normal but still shortened strides. When a patient with severe Parkinson’s disease walks, his or her steps may become progressively shorter and more rapid until the patient is nearly running with tiny shuffling steps (called festinating gait).


Patients with cerebellar disease who can walk typically do so with their feet wide apart. They lurch from side to side, and their steps are clumsy and irregular in length and rhythm. They turn with difficulty and have a tendency to fall to one side. Walking heel-to-toe is very difficult and usually impossible for these patients.




Clinical Tip


The irregular dipping and lurching of choreic patients’ walking sometimes resembles the movements in some forms of dance, leading some practitioners to label it “dancing gait.” Because the clumsy, staggering gait of patients with cerebellar disease resembles that of intoxicated people, these patients may be mistakenly thought to be intoxicated by people they meet in public.









Somesthetic Sensation



History and Current Complaints



Patients with abnormality in the regions serving somesthetic (bodily) sensation usually complain of pain, numbness, or abnormal sensations. Pain usually poses the most difficult diagnostic problem because it is one of the body’s generic responses to tissue damage. Pain is an important symptom in many diseases, not only those involving the nervous system. Not all pain is a sign of disease, and not all pain is a consequence of tissue damage (e.g., the pain associated with muscle cramps, intestinal gas pains, and most headaches).


The patient’s history usually provides clues to the cause of pain, and the neurologic examination defines the extent to which pain is caused by nervous system involvement. Knowing what relieves or exacerbates pain may help determine its source. When pain is exacerbated by movement or effort or if it changes with changes in posture, its source may be mechanical (compression of nerves, inflammation of joints). If pain is unaffected by movement, effort, or posture, its source may be inflammation of peripheral nerves or lesions affecting sensory pathways in the central nervous system.




General Concepts 2-2


• The integrity of the patient’s motor system is evaluated by testing reflexes, muscle tone, muscle strength, and range of movement.


• Exaggerated reflexes or the appearance of primitive reflexes suggests damage in upper motor neurons (corticobulbar or corticospinal tracts). Diminished reflexes suggest damage in lower motor neurons (cranial nerves or spinal nerves).


• Muscle spasticity suggests injury to upper motor neurons. Muscle flaccidity suggests injury to lower motor neurons, neuromuscular junctions, or the muscles themselves. Muscle rigidity suggests injury to the extrapyramidal system.


• Injury to upper motor neurons above the medulla and after decussation causes contralateral muscle weakness and exaggerated reflexes. Injury to upper motor neurons in the brain stem or spinal cord prior to decussation causes ipsilateral muscle weakness and exaggerated reflexes.


• Injury to lower motor neurons (cranial nerves, spinal nerves, and their nuclei) causes ipsilateral muscle weakness and diminished reflexes.


• Extrapyramidal damage often produces involuntary movements (dyskinesia).


• Tremor is characterized by rhythmic, small-amplitude movements. Resting tremor is a sign of Parkinson’s disease.


• Chorea is characterized by quick, forceful, and abrupt involuntary movements.


• Athetosis is characterized by slow, writhing, sinuous involuntary movements.


• Dystonia is characterized by prolonged involuntary contractions of muscle groups.


• Myoclonus is characterized by quick, irregular contractions of individual muscles.


• Fasciculations are visible, fine, rapid, irregular contractions of small groups of muscle fibers.


• Fibrillations are irregular contractions of individual muscle fibers or small groups of fibers. The contractions are too small to be seen.


• Cerebellar injury disrupts the force, velocity, and targeting of movements (a condition called ataxia), causing jerky, segmented movements (decomposition of movement).


• Patients with hemiplegia or severe hemiparesis often walk with a circumducted gait. Patients with lower motor neuron disease or peripheral myopathy often walk with a steppage gait or waddling gait.


• When patients with dyskinesia walk, their progress is interrupted by involuntary movements. Patients with Parkinson’s disease often walk with a festinating gait.




Other kinds of unusual sensations also offer clues to the location and nature of nervous system abnormality. Numbness or loss of sensitivity usually point to damage in cranial nerves, spinal nerves, or sensory nerve fiber tracts. Abnormal sensitivity to stimulation (hyperesthesia) or abnormal sensations, such as tingling or burning in the absence of stimulation (paresthesia), suggest a disturbance in the peripheral nerves or central sensory pathways. Sensory loss in an entire limb or on one side of the body suggests damage in ascending spinal cord tracts or the sensory cortex. (Complete loss of sensation is called anesthesia; partial loss is called hypoesthesia.) Patterns of sensory loss that are inconsistent with what is known about the sensory system may suggest a functional rather than an organic cause.




Assessment


The patient’s somatic sensation is assessed by systematic stimulation of sensory receptors. Sensory abnormalities may affect deep sensation (from the muscles, tendons, and joints), superficial sensation (from the skin), or both. Deep sensation includes joint sense (the ability to tell the position of the limbs without seeing them) and sensitivity to vibration. Superficial sensation includes the perception of light touch, superficial pain (pinprick), and temperature. Evaluation of these categories of sensation helps identify pathology affecting the spinal cord. The categories of sensations affected by spinal cord pathology and the parts of the body exhibiting sensory disruption permit the examiner to predict the level in the spinal cord at which the pathology exists (spinal cord lesions typically produce sensory deficits below the level of the lesion) and to determine whether the lesion affects the front (motor), back (sensory), middle, or sides of the spinal cord.


Patients who suffer spinal cord transection lose all sensation below the level of the transection, are paralyzed in all muscles served by spinal nerves below the level of the transection, and lose bowel and bladder reflexes (these reflexes usually return). Fortunately, transection of the spinal cord (Figure 2-8) is rare; it is usually the result of traumatic injury.
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Figure 2-8 Three spinal-cord pathology syndromes. Posterior column syndrome (B) causes loss of precise tactile sensation and loss of vibration and joint sense. Pain and temperature sensation are spared. Hemitransection syndrome (Brown-Séquard syndrome) (C) causes ipsilateral loss of precise tactile sensation, vibration, and joint sense, and contralateral loss of pain and temperature sensation. Anterior myelopathy (D) causes loss of pain and temperature sensation and subtle impairment of light touch on both sides of the body. Precise tactile sensation, vibration, and joint sense are preserved. Muscles on both sides of the body below the level of the spinal-cord injury are paralyzed.





The posterior columns of the spinal cord, which travel up the back of the spinal cord at the midline, carry “well-localized sensations of fine touch, vibration, two-point discrimination, and proprioception (position sense) from skin and joints” (Waxman, 2000). However, some tactile information travels by other pathways. Pathology affecting the posterior half of the spinal cord (including the posterior columns [see Figure 2-8]) causes impairment of precise tactile sensation (crude tactile sensation remains) plus impairment of vibration and joint sense on both sides of the body. Pain and temperature sensation are unaffected.


The spinothalamic tracts, which travel up the sides of the spinal cord, carry pain and temperature sensations and some light touch sensation. Pathology affecting one side of the spinal cord (hemitransection syndrome, or Brown-Séquard syndrome) causes loss of sensation relative to the midline (see Figure 2-8). Precise tactile sensation, vibration, and joint sense on the side of the spinal cord pathology are lost at and below the level of the injury. (This happens because the posterior columns, which carry tactile sensation, position sense, and vibration information, travel up the spinal cord on the same side as the spinal nerves that connect into themPain and temperature sense on the side opposite the spinal cord pathology are lost at and below the level of the injury. (This happens because sensory nerves carrying pain and temperature information cross the spinal cord and connect into the spinothalamic tract at approximately the level at which the nerves enter the spinal cord.) The sensory impairments are accompanied by spastic hemiplegia at and below the level of the hemitransection because of destruction of one corticospinal tract (Figure 2-9).
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Figure 2-9 Brown-Séquard (hemitransection) syndrome. Pain and temperature sensations are lost contralateral to the side of the spinal-cord injury, and precise tactile sensation, vibration, and joint sense are lost ipsilateral to the side of the spinal-cord injury. All ipsilateral sensation is lost at the level of the injury, caused by destruction of all sensory fibers entering the spinal cord at that level. Ipsilateral muscles below the level of the spinal-cord injury are paralyzed.







Clinical Tip


Sometimes a neurosurgeon will cut nerve fibers in a patient’s spinothalamic tract to relieve intractable pain, an operation called cordotomy. The patient also loses temperature sensation below the level of the cordotomy.




Pathology affecting the anterior spinal cord (anterior myelopathy) causes loss of pain and temperature sensation and subtle impairment of light touch on both sides of the body, attributable to transection of both spinothalamic tracts. Precise tactile sensation, vibration, and joint sense (conveyed by posterior columns) are preserved. The sensory impairments are accompanied by paralysis of muscles on both sides of the body at and below the level of the spinal cord pathology (because of damage to both corticospinal tracts; see Figure 2-8). Anterior myelopathy most often is associated with occlusion of the anterior spinal artery, which supplies the anterior two thirds of the spinal cord.


Regional loss of superficial sensation, rather than loss on one side of the body or loss below a given level of the spinal cord, suggests damage in cranial nerves or spinal nerves. Knowing the usual distribution of sensory regions for the cranial and spinal nerves (the regions are called dermatomes) helps the examiner decide which nerves are affected (Figure 2-10). When the sensory impairment matches the dermatome for a cranial nerve or a spinal nerve, the examiner can conclude that the patient’s neuropathology involves the cranial nerve or spinal nerve.
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Figure 2-10 The pattern of skin sensation as it relates to cranial nerves and spinal nerves. Each cranial nerve and spinal nerve serves a specific region (these regions are called dermatomes).







Clinical Tip


When the sensory fibers of a cranial nerve or a spinal nerve are destroyed, all skin sensation is lost in the central part of the sensory field for the damaged nerve. However, some sensation usually remains at the periphery because of overlap with adjacent sensory nerves.




Slight impairments in sensory function may be detected by stimulating two symmetric points on the body (e.g., simultaneously touching the right forearm and the left forearm), a procedure called double simultaneous stimulation. If sensory function on one side is impaired, the patient reports only the stimulus on the less-impaired side. Inability to detect stimulation on the impaired side during double simultaneous stimulation is called extinction and typically is associated with cortical damage, frequently in the contralateral parietal lobe. Extinction can also be induced in other sensory modalities (e.g., vision and hearing).


Some patients lose the ability to identify objects by touch even though superficial tactile sensation is unimpaired. They report light touch and pinprick without error, yet cannot identify common objects (e.g., a comb or a key) when the objects are placed, out of sight, in either hand. Such problems in recognition of objects by touch are called astereognosis. Astereognosis usually is caused by damage in or around the sensory cortex of the contralateral parietal lobe.




Clinical Tip


Stereo is from Greek. One of its meanings is “three dimensional.” Gnosis also is from Greek; it translates as “knowledge.”









Equilibrium



History and Current Complaints



Patients with impairments of equilibrium usually complain of feeling dizzy or lightheaded or report subjective illusions of movement. When a patient complains of dizziness, the examiner should ask the patient questions to find out what he or she means by dizziness. Some patients may be referring to vertigo; that is, the sensation that the body or the environment is moving (usually rotating) when it is not. Vertigo usually is caused by problems in the inner ear, the vestibular branch of the acoustic nerve (CN 8), or the brain stem. The presence of persisting or recurring vertigo may suggest involvement of the vestibular system or, less frequently, the brain stem or cerebellum. Severe vertigo of sudden onset often is a result of vascular problems in the brain stem or cerebellum. Episodic vertigo may be caused by transient insufficiency of cerebral blood flow or may reflect Meniere’s disease (increased pressure in inner ear structures that play a role in equilibrium). Progressive vertigo may be caused by toxicity, some vitamin deficiencies, or degenerative neurologic disease. Except for mild cases, nausea, vomiting, pallor, and sweating most often accompany attacks of true vertigo, and head movements increase the severity of the attack. Most patients with true vertigo quickly learn that they must remain immobile during an attack.


Some patients may complain of lightheadedness, faintness, or giddiness. Such sensations sometimes are experienced by healthy individuals and may be related to anxiety, hyperventilation, sudden changes in head position, or other transitory conditions.




Stance, Gait, and Nystagmus


The patient’s stance and gait, and the presence of nystagmus, often provide clues that point toward the source of the individual’s impairment. Patients with disequilibrium typically stand with the feet wide apart, are reluctant to stand with the feet close together, and may be unable to bring the feet completely together without falling. Patients whose disequilibrium is caused by loss of proprioceptive feedback from the legs and feet compensate by relying on visual input to maintain balance. When these patients close their eyes, they become increasingly unsteady and may fall (Romberg’s sign). Patients whose disequilibrium is caused by cerebellar pathology are unsteady with the eyes open or closed, although the unsteadiness is worse when they close their eyes.


Patients with disequilibrium typically walk with a wide-based gait. When a patient’s disequilibrium is caused by loss of proprioceptive feedback, the patient is likely to walk with steppage gait (see Gait earlier in the chapter).


Patients with vestibular disease and patients with loss of proprioceptive feedback usually walk better when provided support (a cane or the examiner’s arm), and both do much worse when walking in the dark or with the eyes closed. Having patients with disequilibrium walk with the feet close together or having them walk heel-to-toe along a straight line exaggerates their symptoms.


Nystagmus (abnormal and involuntary oscillation of the eyes, either at rest or when tracking a visual target) commonly is seen in patients with vestibular disorders. Caloric testing, in which cold water is introduced into the ear canal, often produces characteristic patterns of nystagmus in patients with vestibular pathology. The relationships between the nature of a patient’s nystagmus and the nervous system pathology that causes it are too complex to be dealt with here, but these relationships often point directly to the site of the patient’s nervous system pathology.







Consciousness and Mentation



History and Current Complaints



Changes in consciousness or mentation may be caused by a variety of diseases and pathologic states. In general, changes in consciousness or mentation implicate the brain hemispheres and, to a lesser extent, the brain stem. Changes in consciousness and mentation may be experienced by patients with cerebrovascular disease, head injury, alcohol or drug abuse, central nervous system infections, brain tumors, brain abscesses, metabolic disturbances, nutritional deficiencies, dementing illness, and several other diseases and conditions. Consequently, changes in consciousness or mentation rarely point unequivocally to a diagnosis; however, when combined with information from the history and neurologic examination, such changes may point toward a diagnosis with relative certainty.




Altered Mental State


The examining clinician may summarize the assessment of a patient’s consciousness and mentation by assigning one of several labels that signify in a general sense the nature of the patient’s impairment.




Confusion


Patients with confusion (delirium or acute confusional state) have normal or slightly lowered levels of consciousness but are impaired in their orientation to the environment (e.g., where they are and what day it is). Confusion can be caused by many factors, including nutritional deficiencies, dementing illness, drug or alcohol intoxication or withdrawal, endocrine disturbances, nutritional disorders, infections, cerebrovascular disorders, head trauma, and psychiatric illness. Acute confusional states are transitory, but a period of confusion may evolve into a more circumscribed but longer lasting syndrome. For example, a stroke patient may exhibit confusion immediately after the stroke, with the confusion gradually clearing, leaving the patient not confused but with a language specific (or other) deficit.




Lethargy or Somnolence


Lethargic or somnolent patients are drowsy, fall asleep at inappropriate times, sleep longer than usual, and are difficult to wake. Lethargy and somnolence may be transitory and separated by periods of normal alertness and attention, or they may be progressive, ending in coma and death. Lethargy and somnolence, like confusional states, arise from many causes, such as those listed for confusional states. (Falling asleep during a tedious lecture or in a particularly boring movie is not considered a sign of nervous system abnormality and would not be expected to end in coma or death.)




Syncope


Syncope (fainting spells) denotes transitory loss of consciousness caused by reduction of the blood supply to the brain. Syncopal episodes usually appear together with autonomic irregularities. Diminished cardiac output, abnormally low blood pressure, dehydration, drugs, or stress and anxiety may cause syncope. Syncopal loss of consciousness never results in coma or death.




Fugue State


Fugue state is a temporary disturbance of consciousness lasting from a few minutes to several days. During a fugue state, the patient engages in normal activities of daily life but later does not remember the events or activities that took place during the fugue state. Fugue states are seen in combination with psychiatric illness and (in rare cases) as a consequence of epilepsy.




Amnesia


Amnesia denotes complete loss of memory for a limited or protracted period. Amnesic patients usually are aware of the missing memories and distressed by them. Amnesic states often are present in psychiatric illness and are a common consequence of traumatic brain injury. (Amnesia also is a popular topic for novelists and moviemakers.)




Seizures


Although seizures may involve loss of consciousness, they are more dramatic and their relationship to nervous system pathology is more straightforward than are the changes in consciousness and mentation described previously. Seizures are caused by abnormal patterns of neuronal discharge in the brain. The discharges interfere with normal brain activity and may cause periods of depressed mental function, confusion, uncontrollable muscle contraction and relaxation, and loss of consciousness. Seizures usually signify brain pathology but may be caused by alcohol or drug withdrawal, central nervous system infections, hypoglycemia (abnormally low blood sugar), or other diseases. Seizurelike phenomena (called pseudoseizures) sometimes occur as a component of psychiatric conditions.


Seizures have been divided into two major categories, reflecting differences in what happens to the patient during the seizure.





• Generalized seizures are seizures in which the patient loses consciousness. In tonic-clonic seizures (sometimes called grand mal seizures or convulsions), a massive discharge of neurons occurs in the brain, causing contraction of all or many of the muscles in the body, followed by a series of intermittent clonic jerks. Tonic-clonic seizures last 1 to 3 minutes on average and are never remembered by the patient (perhaps because the patient loses consciousness). In absence seizures (formerly called petit mal seizures), the loss of consciousness lasts only a few seconds and the patient usually does not fall. The patient may stare, stop moving and talking, drop things, or move his or her head and limbs aimlessly and involuntarily during the seizure.


• Partial seizures (sometimes called focal seizures) are seizures involving a localized discharge of neurons in the brain, with the pattern of discharge differing widely across patients. The patient who experiences a partial seizure usually experiences clonic movements of individual muscle groups but does not lose consciousness, although typically some clouding of consciousness and disruption of mental activity occur. Partial seizures may last a few seconds to several minutes or even (in rare cases) hours. The magnitude of the seizure activity is related to how much of the brain is involved in abnormal neuronal discharge. Partial seizures suggest localized areas of abnormal discharge, and generalized seizures suggest that major regions of both brain hemispheres are involved.




Clinical Tip


Occasionally an individual goes into a state of unremitting seizure activity or experiences a chain of seizures in which seizures occur so frequently that the patient does not regain consciousness between seizures. This condition, called status epilepticus, is a medical emergency, demanding preservation of the patient’s airway and administration of intravenous antiseizure medications.







Mental Status


Standard neurologic examinations usually provide for rudimentary assessment of a patient’s level of consciousness, attention and concentration, orientation and memory, mood and behavior, thought content, and language and speech. The examiner typically comments on the patient’s level of arousal (e.g., awake and alert, lethargic, somnolent, stuporous, or comatose) and the patient’s responsiveness to stimulation (e.g., responsive, unresponsive, appropriate, inappropriate). The patient’s attention and concentration are usually described in terms of performance on tasks requiring them to remember the goal of a task, such as counting backward or reciting the alphabet backward (remembering that such tasks require many other mental functions in addition to attention and concentration). The patient’s orientation is described in terms of the answers to questions about himself or herself (person); where he or she is (place); and the day, date, and time of day (time). If the patient is considered oriented to person, place, and time, he or she may be described as oriented × 3.


The report of the physician or other clinician also addresses the patient’s mood and behavior (e.g., apathetic, elated, depressed, stable, variable) and describes the patient’s thought content (e.g., its appropriateness and rationality; whether hallucinations or delusions are present). The patient’s memory is tested by asking the patient to recall short lists of numbers or words (again keeping in mind that patients can perform poorly on these tests for reasons other than memory impairments per se). The physician evaluates the patient’s language and speech by asking the patient to carry out simple spoken commands, repeat words and phrases, name pictures or objects, read words and sentences, and write words and short sentences.


Several more or less standardized screening tests of mental status have been published. Among those most widely used by physicians are the Mini Mental State Examination (MMSE) (Folstein, 1975) and the Modified Mini Mental State Examination (3MS) (Teng & Chui, 1987). The MMSE contains 11 items to screen orientation to time and present location, immediate memory (for a three-word list), attention (counting backward by 7, spelling a word backward), object naming, phrase repetition, comprehension of spoken instructions, writing a sentence, and copying a geometric figure. The MMSE usually takes 5 to 10 minutes to administer, and healthy adults typically score 25 to 30 points (of a possible 30). Scores below 25 usually are considered an indication of compromised mental status.


The 3MS samples a broader range of performance across a wider range of difficulty than the MMSE and provides for more sensitive scoring. The 3MS adds four items to the MMSE (date and place of birth, naming of four-legged animals, similarities, and delayed recall) and broadens the range of scores (0 to 100) by providing scaled scores for original MMSE items and adding scores for the new items. Table 2-4 gives examples of items found in screening tests of mental status.





Table 2-4


Examples of Items Typically Included in Screening Tests of Mental Status



	Orientation to self
	Answer questions: Where were you born? What is the date of your birth?




	Orientation to time
	Answer questions: What year is it now? What is today’s date? What day of the week is it? What time is it right now?



	Orientation to place
	Answer questions: What state are we in? What city are we in? What is the name of this place? Are we in a (hospital, school, home…?)



	Memory
	Recall a list of words. Typically a three-word list. Test is given immediately and after one or more intervening tasks.



	Attention, concentration
	Count backward from 20. Say the alphabet backward. Spell a word backward.



	Mental flexibility
	Describe similarities (e.g., How are a table and a chair alike?)



	Naming
	Name common objects to confrontation. Categorical naming (e.g., four-legged animals, articles of clothing).



	Repetition
	Repeat words and phrases.



	Auditory comprehension
	Follow sequential commands. (e.g., Take this paper in your left hand, fold it in half, and give it to me.)



	Reading comprehension
	Follow printed instructions. (e.g., Close your eyes. Make a fist.)



	Writing
	Write to dictation. (e.g., Write on this paper, I would like to go out.)



	Visuospatial ability
	Copy simple geometric forms.












Laboratory Tests


Laboratory tests provide information about the patient that cannot be obtained from the interview and the physical examination. In addition to standard laboratory tests, such as analysis of blood and urine, the physician may use special tests to aid diagnosis of a patient’s neurologic disorder. Imaging procedures, which permit visualization of internal body structures, are among the most frequently ordered special tests.




General Concepts 2-3


• A standard neurologic examination includes evaluation of deep sensation (joint sense, deep pain sensation, sensitivity to vibration) and superficial sensation (light touch, superficial pain, and temperature).


• The distributions of sensory regions for cranial and spinal nerves are called dermatomes.


• Double simultaneous stimulation may reveal slight impairments in sensory function.


• Confusion (delirium, acute confusional state), lethargy (somnolence), syncope, and fugue state represent disturbances of consciousness and mentation. Amnesia represents the inability to remember past experiences, often for a circumscribed time interval.


• Seizures are caused by abnormal patterns of neuronal discharge in the brain. In generalized seizures and absence seizures, the patient loses consciousness. In partial seizures, the patient does not lose consciousness.


• Assessment of mental status usually includes assessment of the patient’s level of consciousness, attention and concentration, orientation and memory, mood and behavior, thought content, and language and speech. The assessment often is conducted using a standard screening test such as the Mini Mental State Examination (MMSE).






Imaging Procedures


Before the end of the nineteenth century, physicians could visualize internal body structures only by cutting into the body and looking at them. The situation changed in 1895 when Wilhelm Roentgen first demonstrated the use of radiation from a primitive cathode ray generator to visualize bones inside the body. Roentgen called the radiation from his cathode ray generator “x-rays” to indicate that they were a new and mysterious kind of radiation. (x-rays are called Roentgen rays in many parts of the world.) By 1896 crude x-ray machines (radiographs) were being used by surgeons to guide surgery and by battlefield physicians to locate bullets in wounded soldiers.


In x-ray imaging, x-rays are passed through body tissues onto a sheet of photographic film to create a negative image of internal body structures. The x-rays pass readily through low-density tissues but are blocked by dense tissues, such as bone. Low-density tissues appear as dark areas on the x-ray plate, and higher density tissues appear as brighter images. Sometimes fluid containing a substance that blocks x-rays (called contrast medium) is injected into internal structures (e.g., veins or arteries) that ordinarily would not appear on an x-ray image. The images obtained from such tests are said to be contrast enhanced.


Standard x-ray images of the skull, spine, or both may provide useful information regarding the probable causes of a patient’s symptoms. X-ray images of the skull (skull films) may show fractures, abnormal deposits, or calcification of structures inside the skull (Figure 2-11). X-ray images of the spine (spine films) may show congenital deformities, fractures, displacement of intervertebral disks, degenerative changes, or tumors involving the vertebrae and spinal cord (Figure 2-12).


[image: f02-11-9780323078672]


Figure 2-11 An x-ray image of a normal adult skull. (From Ballinger PW: Merrill’s atlas of radiographic positions and radiologic procedures, ed 8, St Louis, 1991, Mosby.)
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Figure 2-12 An x-ray image of a normal human cervical spine.





Myelograms are x-ray procedures in which a contrast medium is injected into the subarachnoid space around the spinal cord, after which one or more x-ray images of the spine are obtained (Figure 2-13). Myelograms permit direct visualization of the subarachnoid space surrounding the spinal cord and indirect visualization of the spinal cord and spinal nerves, which are silhouetted against the contrast medium. Myelograms are useful in diagnosing spinal cord or spinal nerve compression, structural abnormalities of the spine, and tumors or deformities of the spinal cord or spinal nerve roots. However, computed tomography (CT) or magnetic resonance imaging (MRI) scanning of the spine (see following discussion) often provides a simpler and less invasive procedure for obtaining the information provided by myelography.
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Figure 2-13 A myelogram of a normal human spine (lumbar and sacral regions). The bright region represents contrast material injected into the space surrounding the spinal cord.





CT scanning (also called CAT scanning or computerized axial tomography) is a computer-based radiographic procedure developed in the early 1970s. In CT scanning the patient is placed in the center of a circular arrangement of x-ray generators and detectors, which rotate axially around the patient. X-rays pass through the parts of the patient’s body being scanned and are picked up by detectors on the other side of the circle. The signals from the detectors are sent to a computer, which analyzes them and generates photograph-like images representing cross-sections of the body (Figure 2-14). The scanner moves up or down the parts of the body being scanned in regular steps so that a series of images representing consecutive “slices” of that part of the body are obtained.
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Figure 2-14 A CT scan of a patient with a long history of neurologic problems. The lateral ventricles (butterfly-shaped dark areas in the center) are enlarged, and the sulci are widened, suggesting atrophy of brain tissues. Dark areas in the anterior left hemisphere near the midline and in the lateral aspect of the right frontal lobe suggest regions of tissue destruction, probably the result of strokes.





The combination of a narrow beam of x-rays, sensitive detectors, and computer enhancement of signals in CT scanning permit visualization of soft tissues not visible on standard x-ray images. In many instances CT scanning has replaced other tests because it provides better visualization of internal structures with less risk to the patient. The primary drawback of CT scanning is that it exposes the patient to radiation. Consequently, CT scans are not a routine part of the neurologic examination. Within the past decade, several imaging procedures that do not require exposure to radiation have been developed. Some have replaced CT scanning for some purposes.


Magnetic resonance imaging was introduced in the late 1970s. MRI creates photograph-like images that look somewhat like the images generated by CT scans. However, MRI has two important advantages over CT: it does not expose the patient to radiation, and it provides images with greater detail.


MRI is based on the principle that the nuclei of hydrogen atoms behave like small bar magnets. When they are placed in a strong magnetic field, they orient themselves in line with the magnetic field. The body part to be imaged is placed inside a strong magnetic field. Then, when the hydrogen nuclei in body tissues have aligned themselves with the magnetic field, a short pulse of electromagnetic energy is introduced into the field, causing the hydrogen nuclei to deflect from alignment. As the nuclei swing back into alignment with the magnetic field, they emit miniscule electromagnetic signals. A set of detectors measures these signals and sends them to a computer, which constructs a photograph-like image from the signals (Figure 2-15).
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Figure 2-15 A magnetic resonance image of the head. This image shows a vertical “slice” at the midline of the brain. The brain hemisphere, cerebellum, corpus callosum, and brain stem are visible.





In MRI, as in CT, the detectors are moved in steps along the axis of the body to yield images representing consecutive layers, or “slices,” of the body parts scanned. MRI is sensitive to differences in the chemical composition of tissues, whereas CT is sensitive to differences in the density of tissues. For this reason, MRI can show differences between tissues that have similar density but different chemical composition, such as gray matter and white matter in the brain—differences that cannot be seen in CT images.


MRI is superior to CT for imaging the temporal lobes, brain stem, cerebellum, and spinal cord and for detecting multiinfarct disease, multiple sclerosis, degenerative brain disease, arteriovenous malformations, aneurysms, and recent stroke. As mentioned previously, MRI requires no radiation, and so far there is no evidence that the magnetic fields used in MRI are a risk to patients. However, MRI cannot be used with patients who have metal in the body (e.g., pins, plates, pacemakers) because of the magnetic field. MRI scans take a long time, and the patient must remain motionless in a noisy, confining space; this sometimes leads to claustrophobia and blurring of the MRI image because of patient movement (movement artifacts).




Clinical Tip


Strokes are visible on MRI images obtained a few hours after a stroke but do not appear on CT images until several days later.




Cerebral angiography (sometimes called cerebral arteriography) is an x-ray procedure that provides an image of the veins and arteries of the brain and brain stem (Figure 2-16). A contrast medium is injected into one of the arteries supplying blood to the brain, and a series of x-rays of the head is taken. The contrast medium fills the artery and its branches and eventually makes its way into the cerebral veins; as a result, when the sequential x-ray plates are developed, the rate and distribution of circulation through the cerebral vessels can be visualized.
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Figure 2-16 A normal cerebral angiogram. The image on the left was taken from the front of the head. The anterior cerebral artery travels upward on the midline, and the middle cerebral travels laterally and upward on the right side of the image. The image on the right was taken from the side of the head. The middle cerebral artery and portions of the posterior cerebral artery can be seen. The carotid artery is visible in both views.





Angiograms are useful in detecting occlusions of arteries or their branches because occluded vessels do not fill with contrast medium and consequently do not appear on the angiogram image. Blood vessels that are narrowed but not occluded (a condition called stenosis) fill slowly. Slow filling of vessels is detected by evaluating the progress of the contrast medium through the blood vessels from the beginning to the end of the series of x-ray plates. Angiography may show the presence of space-occupying lesions, such as tumors or abscesses, if a lesion displaces cerebral blood vessels from their usual locations.


A recently developed procedure, called digital-subtraction angiography, provides improved image quality and reduces the amount of contrast medium that must be injected into the vascular system. Digital-subtraction angiography uses a computer averaging technique, in which the signals from nonvascular structures are deleted from the image, yielding an enhanced image of vascular structures (Figure 2-17).
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Figure 2-17 A digital-subtraction angiogram. The middle cerebral artery in the right hemisphere is shown. The angiogram indicates the presence of a vascular malformation in the upper posterior frontal lobe (arrow).






The physician may detect signs of carotid artery stenosis during the physical examination of the patient by putting a stethoscope over the carotid artery and listening to the sound of the blood moving through the artery. Blood moving through a narrowed artery creates an abnormal rushing sound (called bruit) that can be heard through a stethoscope.


B-mode carotid imaging (sometimes called echo arteriography) is a procedure for visualizing carotid arteries that requires neither radiation nor the injection of a contrast agent. A transducer that emits high-frequency sound waves is placed against the neck over the carotid artery. The sound waves are transmitted into the neck, where some are reflected back, depending on the acoustic absorption characteristics of the tissues under the transmitter. A detector picks up the reflected sound waves, and a computer analyzes the variations in the waves to create an image of the carotid arteries. Echo arteriograms are useful for detecting stenosis or ulceration in the carotid arteries, but they cannot reliably differentiate between severe stenosis and complete occlusion and do not always show blood clots.


Doppler ultrasound provides an indirect measure of carotid artery abnormality by measuring the rate of blood flow through the artery. High-frequency sound waves are transmitted into the head from a probe attached to a computer. The computer manipulates the characteristics of the sound waves to target a particular artery. If the blood in the artery is moving, the frequency of the reflected sound waves is altered in a predictable way (the Doppler effect). A detector picks up the reflected sound waves and passes them to the computer. The computer analyzes changes in the frequency of the reflected waves and calculates the rate at which blood flows through the artery. A lower than normal rate of blood flow suggests partial occlusion. Absent blood flow suggests complete occlusion.




Clinical Tip


The Doppler effect is experienced in everyday life when a rapidly moving vehicle with horn or siren blaring passes a bystander. As the vehicle passes, the pitch of the sound made by the horn or siren drops. This happens because the movement of the vehicle away from the listener adds to the distance between the cycles of the sound wave at the listener’s ear, lowering its perceived frequency.




The laboratory tests just discussed provide static images of internal structures or estimate the static characteristics of internal structures from mathematic manipulation of physical measurements (e.g., the Doppler effect). The following group of laboratory tests estimates dynamic processes, such as the electrical activity of the brain cortex, nerve conduction velocity, and blood flow in the brain.




Electrophysiologic Procedures


Several diagnostic procedures yield recordings of electrical activity in parts of the nervous system. Electrodes are placed at strategic locations to monitor electrical activity in tissue near the electrodes. This low-voltage activity is amplified and sent to a recording device (originally to a pen on a moving strip of graph paper but now almost universally to a digital recording device), which generates a visual representation of the electrical activity.


The electroencephalogram (EEG) yields a graphic record of the electrical activity of the cerebral cortex. An array of recording electrodes is attached to the scalp. The electrodes detect the tiny electrical signals generated by the brain cortex. The signals are amplified until they generate recordable signals. The activity from a number of electrodes is generated and recorded so that tracings of electrical activity at several cortical locations (usually 16) are obtained. The amplitude and pattern of the waveforms in the tracings, together with the location of anomalous patterns of activity, permit inferences about what is happening physiologically in the patient’s brain.


Localized brain lesions often cause focal disturbances in the EEG record in the vicinity of the lesion. The disturbance usually takes the form of aberrations in rhythm and amplitude (Figure 2-18). EEG recording is particularly useful for detecting and locating the source of seizure activity. Sometimes an EEG may determine whether a stroke is in or near the cortex or deeper in the brain (although better localizing techniques are available with other imaging techniques discussed previously). If the EEG record from a stroke patient is normal, the stroke is likely to be subcortical; if the EEG is abnormal, the stroke is likely to be cortical. When a patient is in deep coma, EEG recordings may be used to estimate the severity of the patient’s brain injury and to predict whether the patient will return to consciousness.
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Figure 2-18 Examples of normal and abnormal EEGs. On the left is a recording from an adult with no EEG abnormalities. On the right is a recording from a patient with petit mal epilepsy, showing general disruption of cortical activity. (From Waxman S: Correlative neuroanatomy, ed 24, New York, 2000, McGraw-Hill.)






An adaptation of EEG recording, called evoked-response testing, is a computerized version of EEG testing. The patient is placed in a quiet, dark room with recording electrodes on the scalp. When the patient’s EEG has stabilized, tactile, auditory, or visual stimuli are presented, and the electrical activity of the cortex is measured. The computer calculates the cortical activity occurring within each of many time intervals after each stimulus. Changes in activity that regularly follow each stimulus are added together, and irregular (random) changes are ignored. A calculation and record of the brain’s activity that is attributable to stimulation then is generated. Alterations in the time and amplitude of known positive and negative waveforms occurring at specific times (e.g., brain stem responses, midbrain or basal ganglia responses, cortical responses N100, P200, or late cortical integrative response P300) of the computed waveforms suggest damage to the central nervous system conduction pathways serving those sensory modalities; damage that may not be detectable by clinical neurologic examination.


In electromyography, surface electrodes are placed on the skin over the muscle of interest, or fine needle electrodes are inserted into muscles to record their electrical activity. Relaxed muscles normally produce no spontaneous electrical activity; when muscles contract, they produce bursts of electrical activity that are fairly predictable in terms of amplitude, frequency, duration, and pattern. Spontaneous discharges in resting muscles (fibrillations, fasciculations) may indicate peripheral nerve disease. Other variations in amplitude, frequency, duration, or pattern may indicate disease in anterior horn cells, disease affecting neuromuscular junctions, or disease affecting the muscles themselves.


Nerve conduction studies are performed when peripheral neuropathy is suspected. In nerve conduction studies, a nerve fiber (either motor or sensory) is stimulated at one point and the response is measured at another point along the fiber. The time between the stimulation and the response is called the nerve conduction velocity. Variations in nerve conduction velocities sometimes are helpful in diagnosing the nature and extent of peripheral nerve damage.




Brain Mapping Procedures


The next group of laboratory tests indirectly identifies regions of elevated neuronal activity by measuring cerebral blood flow. The generic name for these tests is regional cerebral blood flow (rCBF) measurement. As its name implies, rCBF is a procedure for estimating blood flow in regions of the brain. It takes advantage of the relationship between cerebral blood flow and brain metabolism, wherein regions of increased neuronal activity also are regions of increased metabolism, marked by increased glucose uptake and elevated blood oxygenation. The changes in glucose uptake and blood oxygen provide indirect indications of cerebral metabolism rather than static images of brain tissue. rCBF can be measured in several ways, most of which require introduction into the blood of compounds (called tracers) that emit small amounts of radioactivity. The tracers are introduced into the bloodstream either directly, by injection of a liquid, or indirectly, by having the patient breathe air containing small amounts of a slightly radioactive gas, which is absorbed into the blood. When the tracer reaches the brain, specialized scanners detect the subatomic particles (photons, positrons) emitted by the tracer, convert these events into electrical signals, and send the signals to a computer that analyzes them and constructs a series of images representing the blood flow in various brain regions.


Positron emission tomography (PET) was one of the first imaging procedures to be adapted to visualize metabolic activity in the brain. In the PET procedure, a solution of metabolically active material (usually glucose) tagged with a positron-emitting isotope (oxygen, fluorine, carbon, or nitrogen) is introduced into the patient’s body either by injection or a fluid drink. The glucose and the isotope make their way to the brain, where the glucose is metabolized, carrying the tracer with it. The glucose and the isotope concentrate at areas of high metabolism and high levels of neuronal activity. As the isotope decays, it emits positrons, which strike nearby electrons, producing photons (similar to gamma rays). The photons are sensed by a set of detectors, and the signals are amplified and sent to a computer, which processes them to generate an image representing the regional metabolic activity of the brain (Figure 2-19).
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Figure 2-19 A positron emission tomography (PET) scan showing the presence of a tumor in the left parieto-occipital region of the brain. The different colors represent different levels of metabolic activity. Because tumors are metabolically more active than surrounding tissue, they appear as enhanced regions in images that depict metabolic activity in tissues.





PET scanning was introduced in 1975 and until the late 1980s was primarily a research tool, limited to institutions with large medical research operations and budgets that could bear the enormous expense of operating a PET scanning facility. During the 1990s PET scanning made its way into regular clinical use, but only at large regional clinical facilities. (Companies that supply the tracers used in PET scanning underwrite most clinical uses of PET.) PET scans are expensive because the scanning facility requires a cyclotron and physicists and chemists to prepare the isotope. PET scans permit visualization of hypofunction in damaged brain regions in which blood flow is not compromised but brain metabolism is altered, even though no structural damage may be visible on standard CT scans.


Single-photon emission computed tomography (SPECT) scanning is another procedure for estimating blood flow in the brain. SPECT scanning of the body was first described in 1963 but did not come into widespread research and clinical use until the 1970s. The SPECT scanning procedure is similar to PET scanning in that a radioactive tracer is injected into the body, a scanner detects the photons emitted by the tracer, and a computer uses information from the scanner to construct images of the tissues scanned (Figure 2-20). SPECT scanning, like PET scanning, is sensitive to blood flow, permitting visualization of regions with increased or diminished blood flow and, by inference, regions of increased or diminished neuronal activity. SPECT scans require less costly and complex equipment and personnel than PET scans, making them available at more medical facilities.
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Figure 2-20 A single-photon emission tomography (SPECT) scan of a patient who had experienced a stroke in the distribution of the left middle cerebral artery. The SPECT scan shows a region of hypometabolism in the central region of the left hemisphere (ellipse).





Functional magnetic resonance imaging (fMRI), introduced in the mid-1970s, is a modification of the standard MRI procedure. Standard MRI permits visualization of brain structures but does not give information about metabolically active brain regions. Like PET and SPECT, fMRI produces images that infer neural activity in brain regions. Unlike PET and SPECT, fMRI produces the images without the use of tracers. fMRI exploits the response of blood hemoglobin to the magnetic field used in MRI studies. The increased blood flow within neurally active brain tissue increases the concentration of oxygen-rich hemoglobin in the tissue. The increase in oxygen-rich hemoglobin causes a change in the MRI signal much like that produced by the tracers used in PET and SPECT procedures. Computed image processing procedures are used to produce images in which regions with increased oxygen-rich hemoglobin (regions with increased blood flow) appear as enhanced regions in the fMRI image. Sophisticated image-processing procedures convert these very subtle changes in oxygenation into photograph-like images of brain tissues (Figure 2-21). fMRI now largely dominates functional brain imaging because of its low invasiveness, absence of radiation exposure, and relatively low cost.
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Figure 2-21 A computer-averaged functional magnetic resonance imaging (fMRI) composite scan representing regions of increased metabolic brain activity in a group of non-brain-injured adults during a visual tracking task. Enhanced areas represent activation of occipital lobe regions serving vision.





Electrical current flow within populations of neurons is a fundamental component of brain activity. These currents generate magnetic fields that fluctuate and can be measured noninvasively with an array of magnetic field detectors positioned outside the head. This sampling is called magnetoencephalography (MEG). MEG is a functional brain mapping procedure that, as its name suggests, uses the magnetic fields produced by cellular activity of the brain. MEG signals are recorded in a magnetically shielded room, with an array of about 300 sensors mounted in a helmet that fits over the scalp. It does not expose the patient to external forces, such as the large magnetic fields used in MRI, and it does not use contrast substances. It poses no health risk to the patient, and single-task trials can be meaningfully analyzed (unlike with evoked potentials that require averaging). The computer extracted and analyzed results can be mapped onto the individual patient’s high-quality brain images generated from MRI or CT scans. When fused with anatomic images, MEG produces a map of brain activity with higher spatial and temporal resolution than is offered by any other procedure.




Analysis of Body Tissue or Fluids


Sometimes diagnosis of nervous system pathology requires laboratory analysis of a sample of nervous system tissue or fluids. A lumbar puncture (sometimes called a spinal tap) may be performed if the physician suspects infection or hemorrhage in the patient’s central nervous system. A hypodermic needle is inserted into the subarachnoid space in the lumbar spine, below the level of the spinal cord, and a sample of cerebrospinal fluid (CSF) is taken for analysis. When the needle is inserted, the pressure with which the fluid flows into the syringe is measured. Increased pressure may suggest blockage in the circulation of CSF, the presence of space-occupying pathology (e.g., a tumor or abscess), or swelling of brain tissue.


The CSF obtained from the lumbar puncture is analyzed for the presence of blood cells, bacteria, parasites, or viruses, and its chemical composition is determined, including the amount of glucose and protein in the fluid. The presence of red blood cells or a yellowish color (xanthochromia) is a sign of bleeding into the ventricles, into the meningeal spaces, or into the spinal canal. The presence of bacteria, parasites, or viruses proves infection. Increased protein content suggests meningeal inflammation, a tumor, or obstructions in the spinal canal. CSF glucose levels often are lowered by bacterial infections. (The bacteria consume the glucose.)


Biopsies (removing a sample of tissue for laboratory analysis) may be performed when less-invasive procedures do not yield a diagnosis. Most biopsies of nervous system tissue are needle biopsies (sometimes called aspiration biopsies) in which a hollow needle is inserted into the tissue of interest and a small amount of tissue is removed by applying suction to the needle. Sometimes open biopsies (surgical removal of tissue samples) may be performed if the tissue is accessible to the surgeon’s scalpel.


Biopsy of brain tissue may be ordered to determine the nature of brain tumors, to identify the nature of an infection (as in brain abscess), or to diagnose degenerative disease. Muscle biopsy may be ordered to determine whether muscle weakness is caused by neuropathy or by disease of the muscle itself. Biopsy of nerve tissue occasionally may be ordered to determine the underlying nature of peripheral neurologic disease. Arterial biopsy may be ordered to identify inflammatory or degenerative diseases affecting the arteries.





Recording the Results of the Neurologic Examination


The report of the neurologic examination is placed in the patient’s medical record, where it usually is the first entry in the record of the patient’s care. The report usually ends with a problem list, in which the patient’s significant medical problems are recorded, and a plan for the first phase of the patient’s care is recorded. The report, the problem list, and the plan provide important information for everyone contributing to the patient’s care. Box 2-1 presents an example of a neurologic examination report for a patient with right hemiplegia and aphasia.




Box 2-1


Report of Neurologic Examination


The patient was seen in the emergency department after a reported sudden onset of right-side muscle weakness and distorted speech approximately 2 hours prior to my examination. The patient was alert and cooperative, but his speech precision was grossly distorted and limited to single words. Observation indicated apparent right hemiparesis and paralysis of lower facial muscles on the right. Neurologic examination of the patient yielded the following results.



Cranial Nerves



Olfactory


Not tested.



Optic


The optic discs were flat, with no evidence of exudates or hemorrhages. Venous pulsations were visible, and retinal vessels were grossly normal. The macular area appeared normal, with perhaps some age-related, minimal degenerative changes.



Oculomotor, trochlear, abducens


The pupils were round, equal, and responsive to light and accommodation. The extraocular muscle movements were intact. No nystagmus was observed. Visual fields were normal.



Trigeminal


The patient’s jaw opened on the midline but deviated to the right when opened to resistance. Masseter muscle strength was moderately decreased on the right. Corneal reflexes were brisk and equal. Upper facial sensation was intact to pinprick and light touch. Lower facial sensation was intact on the left, moderately diminished on the right.



Facial


No ptosis was observed. Forehead wrinkling appeared normal on both sides. There was mild to moderate facial droop on the right, and the right side of the patient’s mouth did not retract on smile or showing teeth.



Acoustic


Hearing appeared intact to sound of ticking watch at 3 feet. Bone conduction not tested.



Glossopharyngeal, vagus


The patient’s gag reflex was strong and prompt. The patient’s soft palate was lower on the right on passive observation. On phonation the palate elevated on the left, but not the right side.



Spinal accessory


Strength of the sternocleidomastoid and trapezius muscles was slightly diminished on the right.



Hypoglossal


The tongue deviated to the right on protrusion. The distance of right-to-left movements were normal to right, restricted to left. No tremor, fasciculations, or atrophy noted.





Motor and Coordination


The patient was unable to stand or walk. Finger-to-finger, finger-to-nose, and rapid alternating movements on the left were within normal limits. Not tested on right because of paralysis. Strength was normal on left, diminished on right (contraction but no movement, upper and lower R extremities). Spasticity and exaggerated reflexes were present on the right but not on the left. Plantar extensor reflex elicited on the right but not on the left. No tremor, involuntary movements, fasciculations, or atrophy were observed. Biceps, triceps, brachioradialis, and ankle jerks were normal on the left, exaggerated on the right (3 +), but without sustained clonus.



Sensation


Light touch, pinprick, vibration and position sense were intact on the left. Light touch and pinprick diminished on the right. Vibration and position sense were intact on right.



Vascular


Carotid pulses present bilaterally. Bruit present on left but not on right.



Impression


Stroke in anterior zone of left middle cerebral artery, probably thromboembolic.



Problem List


1. Right hemiplegia


2. Motor speech disorder, severe; possibility of a language deficit



Plan


1. Rule out hemorrhage (CT scan, MRI).


2. Medications: anticoagulate if thrombotic or embolic. Dilantin 100 mg tid.


3. Baseline measures of speech, language, mentation. Speech Pathology consult.


4. Begin rehabilitation program. PT, OT consults.











Thought Questions



Question 2-1



A 74-year-old man with a 20-year history of heart disease and two previous myocardial infarcts (heart attacks) is brought to a hospital emergency department with a sudden onset of distorted speech and right-sided limb weakness. The neurologist who evaluates the patient in the emergency department makes the following observations:





• Moderate right hemiparesis, arm greater than leg


• A problem moving the tongue and lips on the right side


• Left homonymous hemianopia


What do you think caused the patient’s current problems? Do you see a potential connection between the patient’s medical history and his current problems? Where do you think the damage in the patient’s central nervous system is? Are the neurologist’s observations what you would expect? If not, why?




Question 2-2


A neurologist examines a patient who complains of sensory loss on the left side of her body. She states that the sensory loss was present when she awoke several days ago and has remained essentially unchanged since that time. During the examination the patient consistently fails to report touch, pinprick, heat, or cold in all regions to the left of her body’s midline. The neurologist tests the patient’s sense of vibration by placing a vibrating tuning fork on bony structures on both sides of the midline of the patient’s body. The patient consistently reports the vibration on the right of the midline but does not report it at any point to the left of midline. The patient’s muscle strength and coordination are normal on both sides of her body, and the remainder of the neurologic examination is within normal limits. The neurologist concludes her report of this patient’s neurologic examination with, “The symptoms reported by this patient are not consistent with an organic etiology. Additional testing should seek to rule out a psychogenic origin.” What led the neurologist to her conclusion?




General Concepts 2-4


• X-ray imaging produces visual images of internal bones and tissues that block or attenuate the passage of x-rays.


• Myelography is an x-ray procedure that provides visualization of the spinal cord and surrounding space. Myelography is useful for detecting structural changes in the spinal cord or spinal nerve roots.


• Computed tomography (CT scanning) is an x-ray procedure that produces computer-generated, photograph-like images of cross-sectional “slices” of internal structures based on their resistance to the passage of x-rays.


• Magnetic resonance imaging (MRI) produces computer-generated, photograph-like images of cross-sectional “slices” of internal structures by placing them in a strong magnetic field and introducing a burst of electromagnetic energy. MRI images reflect the chemical composition of tissues (particularly their water content).


• Cerebral angiography (arteriography) is an x-ray procedure that permits visualization of cerebral veins and arteries. Angiography is useful for detecting narrowed or occluded arteries.


• B-mode carotid imaging (echo arteriography) and transcranial Doppler ultrasound yield computer-generated images of cerebral blood vessels derived from analysis of sound waves transmitted into the head and neck.


• Electroencephalography (EEG) produces a graphic record of the electrical activity of the cerebral cortex. EEG recording is useful for detecting and localizing seizure activity.


• Evoked-response testing is an encephalographic procedure in which a computer is used to analyze the electrical activity of the brain cortex in response to stimulation.


• Electromyography produces a record of the electrical activity in muscles. Electromyography is useful in diagnosing diseases of peripheral nerves, neuromuscular junctions, or muscles.


• Nerve conduction studies measure the speed of neural transmission. They are useful in diagnosing pathology affecting peripheral nerves.


• Positron emission tomography (PET) produces computer-generated images of cross-sectional “slices” of internal tissues that reflect the metabolism taking place in various brain regions. PET requires ingestion of mildly radioactive tracers by the patient.


• Single-photon emission computed tomography (SPECT) produces computer-generated maps of the metabolic activity in brain tissues. Increases in metabolic activity signify increased neuronal activity. SPECT requires ingestion of mildly radioactive tracers by the patient.


• Functional magnetic resonance imaging (fMRI) produces computer-generated maps of the metabolic activity in brain tissues by measuring blood hemoglobin levels. fMRI does not require ingestion of radioactive tracers.


• Magnetoencephalography combines knowledge of magnetic fields within the brain with their evoked electrical responses to provide an enhanced image of brain activity, especially in the time domain.


• In lumbar puncture (spinal tap) a sample of CSF is removed to analyze it for the presence of blood cells and infectious organisms and to detect abnormal levels of glucose and proteins, all of which are signs of central nervous system pathology.


• Biopsy (removal of tissue for laboratory analysis) may be performed when less invasive procedures do not yield a diagnosis.






Question 2-3


Patients with cerebellar pathology (ataxia), patients with loss of sensation and position sense in the legs, and patients with vestibular abnormalities all typically stand with the feet wide apart and become unsteady and may fall if forced to stand with the feet close together. A neurologist who examines a patient with such a pattern of behavior may ask the patient to stand with the feet close together, first with the eyes open and then with the eyes closed. What information might the neurologist gain by asking such a patient to close his or her eyes?




Question 2-4


A 56-year-old man is brought to the neurologist’s office by his wife. The man complains of a constant, dull headache above his eyes that began several weeks ago and is not helped by analgesics. He comments that his vision has slowly become worse and that perhaps he needs a new prescription for eyeglasses. His wife reports that during the past 2 months her husband has become increasingly impulsive and distractible and has made numerous inappropriate comments to family and friends. The neurologic examination yields the following findings:





• The patient has normal visual acuity in the right eye but has impaired acuity in his left eye.


• The patient’s left optic disc is abnormally pale.


• The patient has normal olfaction in the right nostril but complete loss of olfaction in his left nostril.


• The muscles of the patient’s lower face have normal strength on the left but are weak on the right.


• The patient’s tendon reflexes are slightly exaggerated on his right side compared with his left side.


What do you think caused the patient’s neurologic signs and the symptoms reported by the patient and his wife?






Chapter 3



Assessing Adults Who Have Neurogenic Cognitive-Communicative Disorders



The solution of any clinical problem is reached by a series of inferences and deductions—each an attempt to explain an item in the history of an illness or a physical finding. Diagnosis is the mental act of integrating all the interpretations and selecting the one explanation most compatible with all the facts of clinical observation. 


(Adams RD, Victor M: Principles of neurology, ed 2, New York, 1981, McGraw-Hill.)
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Adults who have neurogenic cognitive-communicative disorders are fascinating and challenging. Fascination comes from the seemingly endless array of signs, symptoms, and syndromes associated with neurogenic cognitive-communicative disorders. The challenge comes as the clinician organizes, refines, interprets, and draws conclusions from complex, confusing, and sometimes contradictory information to arrive at a diagnosis and to formulate a plan of care. Challenge also comes from the behavioral, cognitive, and emotional consequences of brain injury, which affect how brain-injured patients respond to unusual, unexpected, or demanding situations such as interviews with strangers in white coats or tests with unfamiliar or difficult materials.



Clinical Tip 


Symptom: “Any morbid phenomenon or departure from normal in function, appearance, or sensation, experienced by the patient and indicative of disease” (Stedman, 1990). p. 1376 Sign: “Any abnormality discoverable by the physician at his examination of the patient” (p. 1283). Syndrome: “A concurrence of symptoms” (p. 1379). Symptoms are subjective data reported by the patient; signs are objective data observed by the physician. Syndromes represent inferences made by an examiner based on patterns of signs and symptoms.






The Process of Assessment and Diagnosis


Novice clinicians can be intimidated by the complexity of cognitive-communicative disorders and the seeming impossibility of making sense of a bewildering array of signs and symptoms. Watching a skilled clinician evaluate a brain-injured patient may be a mystifying experience for the novice. The novice watches the skilled clinician take the patient through an array of tests that seem to share no common purpose, perhaps terminate some tests before completion, modify others without apparent reason, improvise new tests on the spot, arrive at a diagnosis of the patient’s cognitive-communicative disorder, offer a prognosis, and decide on the advisability and nature of treatment. 


A skilled clinician’s idiosyncratic approach to assessment comes from training and clinical experience. The skilled clinician is familiar with the signs, symptoms, and usual course of many cognitive-communicative disorders. The skilled clinician is adept at synthesizing test results and patient behaviors into a pattern that points to a syndrome or a diagnostic category. When a skilled clinician recognizes an emerging pattern of test results, she or he deviates from the standard test routine and focuses on tests that add depth and detail to the pattern. Each test result that fits the expected pattern increases the clinician’s confidence that the patient’s signs and symptoms represent the suspected syndrome, whereas conflicting information moves the clinician toward an alternative diagnosis.



Clinical Tip 


This ability to direct or redirect assessment based on patient performance should not be mistaken to indicate that the use of standardized tests that require the delivery of a full set of test items or a full set of tests can be abandoned at the will or whimsy of the clinician. Well-constructed tests specify the fewest number of test items or subtests that can yield a valid estimate of the patient’s performance. Even highly experienced clinicians cannot abandon test validity and reliability data in favor of intuition.




Skilled clinicians use clinical knowledge without consciously thinking about it, and they cannot verbalize much of what they know. Add to that the likelihood that much of what they do is based as much on intuition as on rules or principles, and it is not surprising that clinical methods are learned as much (or more) by observation, practice, and imitation as by direct instruction. 


Although there is no substitute for experience, some general principles guide the collection and analysis of clinical data. The principles relate in a general way to the well-known scientific method, formalized by John Dewey in the 1930s and repackaged by numerous authors for clinical purposes. The new package is called the clinical method. 


Practitioners using the clinical method work through a seven-step procedure to guide clinical decision making: 


 


1. Gather information about the patient’s impairments from the referral, the history, and examination of the patient. 


2. Evaluate the patient’s subjective reports (symptoms) and the objective test results (signs) to identify those that are relevant to the patient’s current problems and to the practitioner’s plan of care 


3. Determine whether a distinctive cluster of symptoms and signs, representing a syndrome, exists 


4. Look for correlations among symptoms and signs to identify the parts of the body or the underlying physical or mental processes responsible 


5. If the patient’s symptoms and signs represent a syndrome for which information about the course and eventual outcome of the patient’s condition is available, decide on a prognosis 


6. Use information from the patient’s history, examination of the patient, and knowledge of the patient’s life situation to formulate a conclusion about the effects of the patient’s condition on the patient’s daily life competence and independence 


7. Use the entire corpus of information about the patient, plus other relevant sources of information (e.g., clinical experience and the clinical and scientific literature) to estimate the potential effects of treatment and, if treatment is indicated, the nature of an appropriate treatment program 


The clinical method requires careful assimilation of information and informed decision making. Clinical experience helps a skilled clinician sort through an abundance of facts about a patient and select those that are relevant to the clinician’s purpose. A clinician who learns that a patient is male, is 55 years old, is hypertensive, has a rash on his chest, complains of numbness on the right side of his face, is missing his left index finger, and misarticulates consonant sounds might select hypertension, facial numbness, and misarticulation as suggesting a stroke and disregard the other signs as not relevant to the clinician’s purpose. 


As each fact about the patient becomes evident, the clinician evaluates its meaning and relates it to other facts. The process of selection and elimination continues until the clinician understands the nature of the patient’s problems, at which time she or he may apply a diagnostic label, consider a prognosis, and make decisions about management. 


Clinicians gather facts from the history, the medical record, the interview with the patient and family members, and test results. With each new fact the clinician looks for relationships that might suggest a diagnosis. As additional facts become known, the clinician evaluates the consistency of the new facts with the working diagnosis. When new facts suggest that the working diagnosis is no longer valid, the clinician considers alternative diagnoses and may change tests or examination procedures to gather facts relevant to the new diagnosis. When alternative explanations for the pattern of facts have been eliminated, the clinician settles on the diagnosis most compatible with the facts of the history, the interview, and the examination. 


Harvey, Johns, McKusick et al. (1988) summarize the principles of the clinical method: 


 


• The collection and analysis of clinical information are essentially the application of the scientific method to the solution of a clinical problem. 


• These methods can be taught and learned; it is not an art in which one is either gifted or not. Proficiency can be improved by consciously considering the meaning of each piece of information as it is received. 


• The process is rapidly iterative. The cycle is repeated within the time interval of asking a few questions or making physical observations. This explains the mystery of why the novice fails to ask the key question or seek the key physical finding. 


• The process is an ongoing one. There are no irrefutable hypotheses, only unrefuted hypotheses. In clinical terms, the physician should not arrive at a diagnosis and abandon any further consideration of alternative explanations. The physician must remain alert for information that does not fit with his or her current hypothesis and for sources of new information that might suggest a new hypothesis. When uncertain, the physician should continue to seek ways of testing the tentative diagnosis. 


• Consideration of a diagnosis that can be neither confirmed nor excluded fails to advance the decision-making process. Such a diagnosis is directly parallel to a scientific hypothesis that cannot be tested. 


• Finally, clinical problem solving is as sensitive to flawed or missing information as are scientific experiments. A major difference lies in the fact that clinical decisions must often be made on what is acknowledged to be incomplete evidence.



Clinical Tip 


Although these principles are written to apply to the “physician,” they are not unique or restricted to physicians; rather, they apply to all clinicians and diagnosticians, regardless of the discipline from which they approach the patient and the patient’s clinical problem.








Sources of Information About the Patient



The Referral



Patient managers, usually physicians, but also physician assistants and nurse practitioners, recruit specialists into a patient’s program of care by means of consultation requests (sometimes called referrals). Patients with cognitive-communicative disorders usually arrive at the speech-language pathologist’s office by means of a physician’s referral. Consultation requests typically include the following information about the patient: 


 


• Who the patient is (i.e., the patient’s name, birth date, medical file number). 


• Where the patient is housed (i.e., hospital ward, service, unit). 


• The purpose of the request (i.e., what the referring individual wants from the consultant). 


Consultation requests also include the referring individual’s name and phone numbers and provide space for the consultant’s response. 


Consultation requests span a range of completeness, accuracy, and legibility. The good ones describe the patient’s major current problems, provide a diagnosis (sometimes provisional), and include a brief statement of the services requested. Most contain numerous abbreviations, both standard and nonstandard, and many are telegraphic.



Clinical Tip 


The advent of computerized consultation and referral procedures has had a positive side effect in that consultation requests are typed into a central computer and printed out on a form. Consequently, those receiving the request no longer are burdened with deciphering the scrawl of handwritten requests. Unfortunately, computerized referrals have had little effect on the arcane and nonstandard abbreviations and terminology used by some physicians, nor have they had any measurable salutary effects on spelling, clarity of style, or literary merit.




Figure 3-1 gives an example of a consultation request for assessment of an aphasic patient’s language and communication. The shaded areas contain information provided by the referral source.

[image: f03-01-9780323078672]
Figure 3-1 The consultation request for Mr. Shaw. The shaded areas contain information provided by the referring physician.





The consultation request was sent from Dr. Ericcson, a neurologist. The provisional diagnosis suggests that the patient (Mr. Shaw) has had a stroke involving the left middle cerebral artery and that he exhibits a severe language impairment (aphasia). The Reason for Request section, when decoded, yields the following information:



Mr. Shaw is a 55-year-old, right-handed male who yesterday had a stroke in his left middle cerebral artery. He has right arm and right leg weakness and appears severely language impaired. He has a history of diabetes mellitus and hypertension.





Consultation requests such as this provide an important first look at the patient, the patient’s history, the nature and severity of the neurologic impairments, and (sometimes) the probable future course of the patient’s condition. By making inferences from the information in the consultation request, the recipient may develop an impression of the patient that goes well beyond the sketchy information provided. Consider the consultation request for Mr. Shaw. The information given there suggests several hypotheses about Mr. Shaw and his cognitive-communicative impairments. 


 


• Mr. Shaw is right-handed and has damage in the distribution of the left middle cerebral artery. He is likely to have a language impairment (i.e., to be aphasic—a condition explained in great detail in subsequent chapters), a hypothesis supported by the neurologist’s description. 


• Mr. Shaw is weak but not paralyzed on his right side, suggesting that the stroke did not affect major regions of the left hemisphere. He is unlikely to have severe language impairments across all communication modalities and that affect all aspects of the language system, as the neurologist’s description suggests. 


• Mr. Shaw’s stroke is recent. The next few weeks should be a period of rapid unassisted (physiological) recovery. 


• Mr. Shaw is 55 years old. He probably was employed at the time of his stroke. Therefore, his stroke may have important financial consequences. 


• Mr. Shaw is diabetic and hypertensive, medical problems that could complicate his physical recovery. 


• Mr. Shaw is on a neurology ward where he may remain for only a few days. Mr. Shaw’s short stay may restrict how much testing, family education, and counseling can be accomplished before he is discharged. 


• Mr. Shaw and his family are likely to be coming to grips with the personal and familial effects of the stroke. They will need education, support, and reassurance to deal with what has happened and to plan for the future. 


This referral shows how information contained in a consultation request permits inferences that go well beyond the explicit information in the consultation request. Inference making is in many ways an idiosyncratic process that depends on experience, knowledge, and talent for making inferences. What a clinician infers from a consultation request may be idiosyncratic, but the information supporting the inferences is fairly consistent.




Source of the Consultation Request


The source of the request often has implications for a patient’s probable length of stay and physical and medical condition, and the speech-language pathologist’s role in the patient’s care. 


Patients in intensive care units (ICUs) typically are weak, seriously ill, or comatose. Some have tracheotomies in place (openings into the trachea to provide an alternative airway or to facilitate treatment of respiratory impairments). Patients in ICUs are confined to bed, usually with feeding, medication, or drainage tubes or monitoring equipment attached. Patients in ICUs usually remain there only until their medical condition stabilizes and they no longer need intensive around-the-clock monitoring and care, although a few seriously ill patients may remain there for several weeks. When patients leave the ICU, most are transferred to a medical/surgical ward. 
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