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To my mother, who fought a courageous
battle against cancer.



Preface

From passive devices to current generation instruments integrated with sensing,
actuation, and drug delivery, surgical implants have undergone a major transfor-
mation in the last two decades due to advances in micro-nanofabrication, new
materials, microelectronics, wireless transmission, and real-time data analytics. This
book is a sequel to the book on Body Sensor Networks, first published in 2006 and
followed by its second edition in 2013.

By following the principle of “using the body as the medium, inspiration, and a
source of energy to provide continuous sensing, monitoring, and intervention”, our
first book was mainly focussed on the development of wearable sensors for
providing continuous monitoring of physical, physiological, and biochemical
parameters in any environment without activity or behavioral restrictions. With the
rapid advances and clinical uptake of low-power, miniaturized, smart implants, it is
timely to review and assess the unique challenges imposed and outline future
development pathways and new opportunities.

Of particular importance is the use of these devices in surgical applications. For
both acute and chronic scenarios, implantable sensing is increasingly used for
transient or long-term monitoring of in vivo physiological, bioelectrical, biochem-
ical, and metabolic changes. Underpinned by increasingly small, smart, and energy
efficient designs, they have become an integral part of surgical prostheses or
implants, supporting optimized, context-aware sensing, feedback, or stimulation
with due consideration of system-level impact.

Key topics covered in this book include electrochemical sensor designs;
electrical and physical sensors; sensor embodiment and flexible electronics;
ultralow-power Application-Specific Integrated Circuits (ASICs); optical sensors;
power harvesting; and data exchange links, as well as wireless data paths and
security. It provides an in-depth explanation of both the theoretical and practical
considerations of developing novel implantable sensors and can serve as a com-
prehensive reference for those working at the forefront of implantable sensing or as
an introductory reference for those about to enter this exciting field of research and
development. I hope this book will act as a valuable resource to a wide spectrum of
readers interested in, or inspired by, this intrinsically multidisciplinary topic.

vii



viii Preface

There has been tremendous effort from all contributors to this book, and I would
like to express my sincere thanks to my team at the Hamlyn Centre. Without their
enthusiasm, support, and dedication in meeting the tight publishing schedule, this
book would not have become possible. I would also like to thank the editorial staff
of Springer, the publisher of this volume. In particular, I am grateful to Helen
Desmond and her colleagues in helping with all the editorial matters.

This work would not have been possible without the research support from all
the funding bodies that supported our work, particularly the UK Engineering and
Physical Sciences Research Council (EPSRC). Their ongoing research funding has
allowed us to establish and promote this exciting field of research.

Finally, I would like to dedicate this book to my mother, who fought a coura-
geous battle against cancer. Sadly, advances in medicine have not yet reached the
stage of eradicating this dreadful disease, but the development of sensing tech-
nologies and smart implants could contribute to early detection as well as a targeted
and personalized treatment of this disease; prolonging life whilst ensuring improved
quality of life for those surviving.

London, UK Guang-Zhong Yang, CBE, FREng
August 2017
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