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1 Introduction to Neuroscience

Many people live with functional limitations related to nervous 
system damage or disease. People who have experienced brain 
damage, spinal cord injury, birth defects, or neurologic diseases 
must cope with the effects. Tasks as seemingly simple as sitting, 
standing, walking, getting dressed, and remembering a name 
may become incredible challenges. Physical and occupational 
therapy play a crucial role in helping people regain the ability to 
function as independently as possible. An understanding of the 
nervous system and current research enables clinicians to make 
accurate diagnoses, establish appropriate goals, and develop and 
implement optimal interventions to promote the best outcomes 
for patients.

ANALYSIS OF THE NERVOUS SYSTEM

Molecular neuroscience investigates the chemistry and physics 
involved in neural function. Studies of the ionic exchanges 
required for a nerve cell to conduct information from one part 
of the nervous system to another and the chemical transfer of 
information between nerve cells are molecular-level neurosci-
ence. Reduced to their most fundamental level, sensation, mov-
ing, understanding, planning, relating, speaking, and most 
other human functions depend on chemical and electrical 
changes in nervous system cells.

Cellular neuroscience considers distinctions between differ-
ent types of cells in the nervous system and how each cell type 
functions. Inquiries into how an individual neuron processes 
and conveys information, how information is transferred among 
neurons, and the roles of non-neural cells in the nervous system 
are cellular-level questions.

Systems neuroscience investigates groups of neurons that per-
form a common function. Systems-level analysis studies the 
connections, or circuitry, of the nervous system. Examples are 
the proprioceptive system, which conveys position and move-
ment information from the musculoskeletal system to the cen-
tral nervous system, and the motor system, which controls 
movement.

Behavioral neuroscience looks at the interactions among sys-
tems that influence behavior. For example, studies of postural 
control investigate the relative influence of visual, vestibular, and 
proprioceptive sensations on balance under different conditions.

Cognitive neuroscience covers the fields of thinking, learning, 
and memory. Studies focused on planning, using language, and 

identifying the differences between memory for remembering 
specific events and memory for performing motor skills are 
examples of cognitive-level analysis.

WHAT DO WE LEARN FROM THESE STUDIES?

From a multitude of investigations at all levels of analysis in 
neuroscience, we have begun to be able to answer questions 
such as the following:
•	 How do ions influence nerve cell function?
•	 How does a nerve cell convey information from one location 

in the nervous system to another?
•	 How is language formed and understood?
•	 How does information about a hot stove encountered by a 

fingertip reach conscious awareness?
•	 How can modern medicine contribute to the recovery of 

neural function?
•	 How can physical therapy and occupational therapy assist a 

patient in regaining maximal independence after neurologic 
injury?
The answers to these questions are explored in this text. The 

purpose of this text is to present information that is essential for 
understanding the neurologic disorders encountered by thera-
pists. Therapists who specialize in neurologic rehabilitation typi-
cally treat clients with brain and spinal cord disorders. However, 
clients with neurologic disorders are not confined to neurologic 
rehabilitation; therapists specializing in orthopedics frequently 
treat clients with chronic neck or low back pain, nerve compres-
sion syndromes, and other nervous system problems. Regardless 
of the area of specialty, a thorough knowledge of basic neurosci-
ence is important for every therapist.

ORGANIZATION OF THIS BOOK

The information in this text is presented in five sections:
1. Neurology overview: This section presents an introduction to 

neuroanatomy, neurologic disorders, neurologic evaluation, 
and neuroimaging.

2. Cellular level: The cells of the nervous system are neurons 
and glial cells. A neuron is the functional unit of the nervous 
system, consisting of a nerve cell body and the processes that 
extend outward from the cell body: dendrites and the axon 
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(Fig. 1.1). Glial cells are non-neuronal cells that provide 
services for neurons. Some specialized glial cells form myelin 
sheaths, the coverings that surround and insulate axons in 
the nervous system and aid in the transmission of electrical 
signals. Other types of glia send signals and nourish, sup-
port, and protect neurons.

3. Development: The development of the human nervous system 
in utero and through infancy is considered in this section. 
Common developmental disorders are also described.

4. Vertical systems: The three vertical systems–autonomic, 
somatosensory, and motor–have axons that extend through 
the periphery, spinal cord, and brain. The autonomic system 
provides bidirectional communication between the brain 
and smooth muscle, cardiac muscle, and glands. The soma-
tosensory system conveys information from the skin and the 
musculoskeletal system to the cerebral cortex (Fig. 1.2A). 
The somatic motor system transmits information from the 
brain to skeletal muscles (Fig. 1.2B).

5. Regions: Areas of the nervous system are covered in this sec-
tion. The nervous system can be divided into four regions: 
peripheral, spinal, brainstem and cerebellar, and cerebral 
regions (Fig. 1.3). The peripheral nervous system consists 
of all parts of the nervous system that are not encased in the 
vertebral column or skull. Peripheral nerves, including the 
median, ulnar, sciatic, and cranial nerves, are groups of axons. 
The remaining three regions are parts of the central nervous 
system, the parts of the nervous system that are encased in 
bone. The spinal region includes all parts of the nervous 
system encased in the vertebral column. Within the skull the 
brainstem connects the spinal cord with the cerebral region, 
and the cerebellum connects to the posterior brainstem. The 
most massive part of the brain, the cerebrum, consists of the 
diencephalon and cerebral hemispheres.

6. Neurologic Tests section: Photographs show many of the tests 
therapists use to examine the nervous system. The Neuro-
logic Tests section gives details about tests you might 
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Fig. 1.1 The parts of a neuron and its myelin sheath.

Fig. 1.2 Two of the vertical systems. The vertical systems have structures in the periphery, spinal cord, brainstem, and cerebrum. 
A, The somatosensory system, conveying touch information from the hand via a peripheral nerve into the spinal cord, then through 
the brainstem, and finally to the cerebral cortex. B, The somatic motor system, sending information from the cerebral cortex through 
the brainstem to the spinal cord, then through a peripheral nerve to muscle.
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perform to examine the nervous system. For each test, you’ll 
find:
•	 An explanation of what is being tested
•	 Clear instructions on optimal testing methods
•	 Descriptions of normal and abnormal responses
•	 For abnormal responses, descriptions of what structures 

may be compromised

DIAGNOSTIC CLINICAL REASONING

Clinical cases are embedded in most chapters. The cases are in 
colored boxes and include a brief case description followed by 
guiding questions. Each case is designed to assist students in 
developing diagnostic clinical reasoning skills. A key compo-
nent of diagnostic clinical reasoning is pattern recognition.1 
Basic diagnostic clinical reasoning questions to promote pattern 
recognition are strategically placed within the chapter; the 
answers are found in the subsequent paragraphs. Advanced 
diagnostic clinical reasoning questions at the end of the chapter 
encourage the reader to integrate information and to search for 
related content in other chapters.
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Fig. 1.3 Lateral view of the regions of the nervous system. Regions 
are listed on the left, and subdivisions are listed on the right.

See http://evolve.elsevier.com/Lundy/ for a complete list of references.
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