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Preface
This book compiles over 20 years of research and
development in applying physiology and engineering
principles to designing, modeling, and improving diagnostic
and therapy devices and methods to serve the medical
community. The fundamental and frontier theories and
techniques of low‐ and high‐frequency pressure oscillation
are presented as the foundation for these principles. This
area is evolving very fast, and documentation of such
schemes is essential for various industries and clinical
applications. Currently, there is no book with this title
available in the open literature.
The book consists of eight chapters. Each chapter has a
stand‐alone content starting with an introductory material
on the subject matter, followed by a review of available
technologies to diagnose or treat the diseases with
intensive literature survey, and then introducing the
significance of pressure oscillation in the diagnostic or
therapeutical applications. Each chapter finishes with some
clinical applications and voluminous references and
bibliography.
The first chapter is an introductory chapter which presents
the foundation materials for the rest of the book. It
introduces the basic principles of pressure oscillation and
how they can be formulated into mathematical equations.
The chapter explains how these equations can be converted
to practical applications for biomedical diagnostics or
therapy. The book is then split into two parts as detailed
below.
Part I of the book consists of three chapters focusing on
diagnostics, imaging, and characterization. Chapter 2



presents an application of pressure oscillation to develop a
diagnostic technique. It briefly describes the basic concepts
of arteries, arterial stiffness, arterial blood pressure, and
pulse wave. It reviews several methods for measuring these
variables. Various new contributions are discussed,
including physics‐based waveform measurements and
human systemic arterial numerical models. Several medical
applications of pulse wave analysis are also presented. The
basic principles of converting pressure oscillation to a tool
in biomedical imaging will be clearly explained in Chapter
3. Two of the methods will be explained in detail: (i)
radiation force (RF), which is normally generated by high‐
frequency pressure oscillation. Several new radiation force‐
based elasticity imaging (EI) methods were proposed in the
past two decades, and these techniques generate radiation
force to an object and measure its dynamic displacement
response in order to estimate the object's mechanical
properties. (ii) Vibro‐acoustography (VA) is a speckle‐free
acoustic radiation force (ARF)‐based EI technique, which
can visualize healthy and abnormal soft tissue through
mapping the acoustic response of the object to a harmonic
RF induced by ultrasound. This chapter briefly describes
the history of ARF and its applications and provides an
overview of ARF‐based EI approaches. Examples of ARF‐
based EI–VA imaging and multifrequency VA techniques
and their applications in medical and material evaluation
areas are discussed. Several advantages and disadvantages
of VA, comparison between VA and pulse–echo systems, as
well as future directions are presented.
Respiratory diagnostic and characterization technique are
summarized in Chapter 4. The forced oscillation technique
(FOT) is a low‐frequency‐pressure wave technique. It has
been used in the measurement of respiratory impedance
and has evolved into powerful tools for the assessment of
various mechanical phenomena in the mammalian healthy



and diseased lung. This chapter briefly reviews the human
respiratory system (RS) and its functions, mechanics, and
various developed models and measurement methods. An
example of the RS measurement method FOT is detailed,
including working principles, instrumentation,
measurements arrangement, and impedance measurement
methods. Finally, clinical applications of FOT are also
described.
Part II of the book focuses on respiratory therapies. To be
equipped with sufficient knowledge on lung ailments in the
upper, central, and lower airways covered in this section,
an introductory chapter on the respiratory system is
needed. Chapter 5 presents lung mechanics, how each part
of the lung is associated with various diseases, and how
pressure oscillation can target these parts and help in
treating these diseases. In Part II, the following three
chapters deal with specific diseases, namely, obstructive
sleep apnea (OSA), asthma and respiratory distress
syndromes (RDSs).
Chapter 6 briefly describes OSA syndromes, diagnostic
methods based on the combined evaluation of clinical
manifestations and objective sleep study findings, and
currently available treatment methods. Polysomnography
represents the gold standard to confirm the clinical
suspicion of OSA syndrome, to assess its severity and to
guide therapeutic choices. Continuous positive airway
pressure (CPAP) is currently the most recommended
method for OSA treatments. Some basic working principles
of CPAP techniques and their types are discussed. Finally,
clinical applications of these devices for the treatment of
OSA and benefits are also highlighted. A new technique is
introduced and detailed on how pressure oscillation can be
used to improve the use of CPAP.



The importance of airway smooth muscle (ASM) in asthma
was realized almost 150 years ago. Breathing has a strong
relaxing and protective effect on ASM, inhibiting airway
constriction. Understanding the behavior of ASM is crucial
to understanding the reversible airway obstruction central
to asthma. Chapter 7 briefly describes the basic concepts of
asthma, ASM, and dynamic behavior of ASM through both
experimental data and modeling results. A fading memory
model is given to further describe the behavior of
contracted ASM for finite duration length steps and
longitudinal sinusoidal oscillations. Finally, the potential of
pressure waves superimposed on breathing patterns in
treating asthma is investigated using experimental
research and animal models.
Chapter 8 briefly introduces the common neonatal
respiratory diseases with traditional surfactant therapies
and respiratory support devices currently used in practice.
Various pressure oscillation techniques including high‐
frequency ventilation (HFV), continuous positive airway
pressure (CPAP), and “noisy” ventilation as effective and
cheaper methods for respiratory support are discussed.
Clinical trials that describe the effectiveness of using such
treatments are presented. The concept of stochastic
resonance and its application to “noisy” ventilation are
introduced. The potential advances in the use of pressure
oscillations and “noisy” ventilation to treat both neonatal
and adult diseases are presented.
This book can teach students how to turn mathematical
equations into medical devices or methodologies, and it
also offers an excellent reference for undergraduate and
postgraduate students in Physiology, Radiology, Applied
Mathematics, Physics, and Biomedical, Mechanical, and
Electrical Engineering. The book will also appeal to fellow
researchers, practitioners, lecturers, and professionals
such as Biomedical Engineers, Clinicians, Medical Doctors,



Radiologists, and Researchers in Biomedical Imaging,
Diagnostics and Therapies, and medical device industry
personnel. It is a helpful compilation that familiarizes the
reader with practical modeling approaches to enhance the
design process.



Introduction
The primary objectives of this book are to present recent
developments, discoveries, and progress made in the
implementation of pressure waves in biomedical
diagnostics and therapies, with a focus on the arterial and
respiratory systems. Based on engineering principles and
physiology, the fundamental and frontier theories and
techniques of low‐ and high‐frequency pressure waves are
applied to develop medical devices and technologies for
biological systems imaging, diagnostics, and therapies. It is
an interdisciplinary area which utilizes Mathematics,
Physics, Chemistry, Engineering, Computer Sciences,
Physiology, and other fields for Clinical Applications. As
biomedical technologies are evolving very fast,
documenting of such schemes are essential for medical
industries and clinical applications.
The book is compiled of learning and findings gained in
more than 20 years of research and development that I
have conducted with my postgraduate students at the
Auckland University of Technology. Each chapter
summarizes a complete project, which is further detailed in
theses cited as references. In this way, I would like to
acknowledge the contributions of all my postgraduate
students whose works are used as the main reference
material for this book. I would also like to acknowledge my
appreciation to other authors in the field, whose
contributions are evidenced in the voluminous references
and bibliography. Further, I would also like to acknowledge
the effort of my previous student and postdoc, and current
colleague, co‐author Dr. Lulu Wang who has helped to
compile some of the materials from my team's work during


