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Preface

The intent of this clinical guide is to provide clinicians with back-
ground information regarding respiratory muscle strength train-
ing (RMST). Since the early 1970s, discussion of the benefits of
RMST and its program protocols have filled our published litera-
ture. As a researcher I have been involved in testing RMST proto-
cols in a variety of patient groups and was given opportunity to
co-invent with my colleagues at the University of Florida, an expi-
ratory pressure threshold trainer. Beyond those past experiences
I have spent my entire career in higher education, where I have
learned from my colleagues, both scholars and clinicians.

Now, my time is spent educating those interested in RMST,
with the great fortune of having a substantial literature on RMST
techniques to rely on. RMST is a program that uses devices to
increase inspiratory or expiratory muscle strength.

This guidebook elucidates the RMST protocol through con-
tributed case studies provided by well-known authors and clini-
cians using the protocols within the field of health care. I am
extremely grateful that they shared their time and knowledge as
contributors to this book. Their work is sure to continue as they
help our field understand the outcomes for breathing, airway man-
agement, and speech/voice.

The American Speech-Language-Hearing Association recog-
nizes the critical role of the speech-language pathologist in assess-
ing and treating disorders of abnormal respiratory patterns and
airway protection. These disorders cross into much of our patient
care, whether it be acute or chronic, or whether treating primary
versus secondary symptoms.

It is our hope that this book clarifies the principles and prac-
tices of RMST through the case studies, as well as answers fre-
quently asked questions. It is our professional responsibility to
distinguish between RMST protocols that have supporting out-
come data and those that base outcome claims on anecdotal
reports. The importance of how to use RMST for particular patient

ix
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populations requires consideration of the mechanisms of a patient’s
disease, as would be the case for any intervention strategy.

Note: The information and opinions provided in this book are
believed to be accurate.
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Respiratory Anatomy
and Physiology

Christine Sapienza

To help guide your patient with the process of respiratory mus-
cle strength training RMST, a review of respiratory anatomy and
physiology is critical so that you can systematically manage the
patient’s deficits or symptoms.

Often, patients complain of symptoms related to breath-
ing. These symptoms can originate in the respiratory structures
(i.e., lung disease) or can present because of respiratory muscle
weakness or motor incoordination. Respiration is complex and
is centrally driven by multiple structures, one of which is the
brain stem, where the respiratory central pattern generator is
located.

WHAT IS RESPIRATION?

Respiration is the recognized term for the exchange of oxygen
from the environment for carbon dioxide from the body’s cells.
Each respiratory breath consists of an inspiratory and expiratory
cycle. Inspiration is life sustaining, bringing to the airways the
main gas of oxygen, which keeps our body cells vital. Expira-
tion is the act of expelling air out of the lungs, allowing for the
release of carbon dioxide, which is considered the waste gas

1
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2 Respiratory Muscle Strength Training

produced when carbon is combined with oxygen as part of the
body’s energy-making processes.

Structures Involved in Respiration

The Lungs

The lungs are elastic tissue that inflate and deflate and, as a result
of the inflation and deflation, move air. Anatomically, there are
three lobes on the right lung and two lobes on the left lung.
The right lung is larger than the left lung to make room for the
heart (Figure 1-1).

The Trachea

The trachea is a cartilaginous structure that allows air to pass
from the nose and mouth into the lungs. It is made up of
16 cartilaginous rings. The larynx sits on top of the uppermost
@ tracheal ring. Anatomically, it lies in part of the neck and part @
of the chest cavity.

Trachea

Right Upper Pleura
Lobe of
Lungs
Left Bronchus
Right
Bronchus

Diaphragm

Figure 1-1. Lower airway and right and left lungs.
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1. Respiratory Anatomy and Physiology 3

The Bronchi

Two main bronchi branch off of the trachea, one going to each
lung (Figure 1-2). Smaller branches from the bronchi continue
to divide, and are known as secondary bronchi. There are three
secondary bronchi supplying the right lung and two secondary
bronchi supplying the left lung. Bronchioles are the smallest
branches stemming from the secondary bronchi and lead to the
alveoli where gas exchange occurs allowing air to enter into the
blood. Alveoli are tiny air sacs, and each of us has hundreds to
millions of alveoli in our lungs. The exchange of oxygen and car-
bon dioxide takes place in the alveoli.

The Thorax

The thorax is the chest cavity that surrounds and protects the
lungs as well as the heart and other respiratory structures such
as the bronchial tree. The thorax is made up of the ribs and mus-
cles, and its most inferior aspect is the diaphragm.

The Ribs

There are 12 pairs of ribs. Ribs 1 through 7 are called the true
ribs and ribs 8 through 10 are called the false ribs. Ribs 11 and 12
are called floating ribs because they do not attach to the sternum
like ribs 1 through 10 do. The lungs are attached to the inside

Capillary

Alveoli

Bronchiole

Figure 1-2. Final branches of the respiratory
tree where primary gas exchange occurs.
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4 Respiratory Muscle Strength Training

of the ribs by pleura, a thin lining that covers the outside of the
lungs (visceral pleura) and the inside of the rib cage (parietal
pleura).

The Diaphragm

The diaphragm anatomically separates the chest from the abdo-
men. It is the major muscle of inspiration. At rest, the diaphragm
sits in a dome-shaped position; when it contracts during inspira-
tion, it moves downward and flattens, enlarging the chest cavity.
As the diaphragm moves downward, the force is transferred to
the lower ribs, moving them outward. This happens because, as
the diaphragm contracts, it is opposed by the passive properties
of the abdominal wall, the tone of its muscles, and the inertia of
the abdominal contents. When this occurs, the intra-abdominal
pressure rises and the lower rib cage expands (Goldman, Rose,
Morgan, & Denison, 1986). This in turn enlarges the thoracic

Inspiration Diaphragm

Expiration

Inspiration
Expiration

\ Abdominal Muscles

——— Passive Movement

Active Contraction

Figure 1-3. Direction of thoracic cavity movement
with inspiration and expiration.
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1. Respiratory Anatomy and Physiology 5

dimension, creating an inspiratory maneuver. When you are qui-
etly breathing, your diaphragm is doing all of the work. When
the brain stem sends messages to the breathing muscles to con-
tract, the diaphragm is pulled downward, enlarging the space
filled by the lungs. This creates a temporary partial vacuum into
which air rushes, inflating and expanding the lungs. When the
diaphragm relaxes, the lung space is reduced, pushing air out.
Unfortunately, serious life-threatening conditions result when
there is impairment to the diaphragm. For example, when the
upper cervical spinal cord is damaged in spinal cord injury cases
such as Christopher Reeve’s, the damage to the cervical spinal
cord impacts breathing ability because the neural signals that
drive rhythmic breathing are removed and the diaphragm muscle
is paralyzed (Figures 1-3 and 1-4).

Scalenes
Pectoralis Major
Pectoralis
@ Minor Stemnum @
Internal
Intercostals
External
Intercostals
Rectus
Abdominus
Diaphragm External Oblique

Transverse

Internal Oblique Abdominus

lliac Crest

Figure 1-4. The abdominal musculature and supporting struc-
tures.
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The Abdominal Wall

The abdominal wall is a layered structure made up of central and
lateral muscles that arise from the ribs and the pelvic girdle. It
has passive and active properties that are described in more detail
below. During passive expiration, the abdominal wall draws in,
and during effortful tasks such as coughing, sneezing, and certain
voicing tasks, the abdominal muscles contract to compress the
abdominal contents. This, in turn, increases the intra-abdominal
pressures. This compression also is important for other functions
such as defecation, childbirth, and cough production.

Sternum

The sternum has three processes that attach to respiratory muscles
such as the diaphragm and intercostal muscles. The first seven
ribs are attached to the sternum. The three processes include the
manubrium, body, and xiphoid process. The manubrium appears
as a handle and attaches to ribs 1 and 2, the corpus is the body
of the sternum and attaches to ribs 2 through 7, and the xiphoid
process is the smallest of the three parts and partially attaches
to many muscles including some of the abdominal wall muscles.

The Clavicle

The clavicle is commonly known as the collarbone, and the two
bones of the clavicle extend from the manubrium. The clavicle
attaches to certain respiratory muscles such as the trapezius,
pectoralis major, and sternocleidomastoid.

Respiratory Physiology: Driving Forces
of the Respiratory System

The process of moving air requires a driving force. The force is the
pressure difference between the alveolar pressure (i.e., pressure
within the alveoli) and the atmospheric pressure (Figures 1-5
and 1-6). Alveolar pressure typically is referenced with respect to
atmospheric pressure, and atmospheric pressure is always set to
zero. When alveolar pressure is above atmospheric pressure, it is
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