BMEssentia.

References and Editorial Standards

The complete reference library — courses, devices, BMEssentials, and BMEssence guides

The published canon behind every course, device, lecture, and
guide on BMEssentia

Every course, device, lecture, and guide on BMEssentia is anchored in the published canon of biomedical
engineering: the field's standard textbooks, international standards, landmark primary literature, and
current peer-reviewed reviews. Practice questions are derived from the sources listed for their parent
course or device. All 3,800+ illustrations are original works created by BMEssentia; each illustration's
accompanying description is anchored in the reference sources of its parent course or device. Course scope
is aligned with ABET biomedical engineering program criteria and IFMBE curriculum guidance. All

references are English-language publications. References are reviewed annually.

HOW THIS LIBRARY IS STRUCTURED
e Courses: each course carries Core Texts, Standards and Regulatory sources, Landmark Papers, Current
Reviews, and a Chapter Anchoring section tracing every chapter to its sources.

e Devices: each of the 69 devices carries a self-contained reference list built to one standard: canonical
texts, the device's own particular standard, IEC 62353 for every powered device, a quality-control
source, a clinical-use source, a systems and economics source where the device warrants it, and a recent
(2015-2025) anchor.

e BMEssentials: the protocols are original works of the founder. Each of the four phases carries its
scientific foundation, and each of the 31 lectures carries the studies it operationalizes.

e BMEssence guides: each of the five series carries a full series-level foundation. Device-based series
additionally inherit the reference block of their device; the Cognitive Intelligence series inherits its
lecture blocks.

e Every block carries its review date and next scheduled review.
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Part 1: Courses

Course 1: The Biomedical Engineering Blueprint

CORE TEXTS
e Enderle, J., Bronzino, J., Introduction to Biomedical Engineering, Elsevier

e Saltzman, W. M., Biomedical Engineering: Bridging Medicine and Technology, Cambridge University
Press

e Bronzino, J. D. (ed.), The Biomedical Engineering Handbook, CRC Press

e Hobbie, R. K., Roth, B. J., Intermediate Physics for Medicine and Biology, Springer

e Herman, I. P., Physics of the Human Body, Springer

e Webster, J. G. (ed.), Medical Instrumentation: Application and Design, Wiley

e Carr, J. )., Brown, J. M., Introduction to Biomedical Equipment Technology, Pearson

e Khandpur, R. S., Handbook of Biomedical Instrumentation, McGraw Hill

e Hall, J. E., Guyton and Hall Textbook of Medical Physiology, Elsevier

e Silverthorn, D. U., Human Physiology: An Integrated Approach, Pearson

e Alberts, B., et al., Essential Cell Biology, W. W. Norton

e Urry, L. A, et al., Campbell Biology, Pearson

o Ozkaya, N., et al., Fundamentals of Biomechanics, Springer

e Nordin, M., Frankel, V. H., Basic Biomechanics of the Musculoskeletal System, Wolters Kluwer
e Horowitz, P., Hill, W., The Art of Electronics, Cambridge University Press

e Plonsey, R., Barr, R. C., Bioelectricity: A Quantitative Approach, Springer

e Rangayyan, R. M., Biomedical Signal Analysis, Wiley-IEEE Press

e So6rnmo, L., Laguna, P., Bioelectrical Signal Processing in Cardiac and Neurological Applications, Elsevier
e Wang, L. V., Wu, H., Biomedical Optics: Principles and Imaging, Wiley

e Vo-Dinh, T. (ed.), Biomedical Photonics Handbook, CRC Press

e Bushberg, J. T., et al., The Essential Physics of Medical Imaging, Wolters Kluwer

e Smith, N. B., Webb, A., Introduction to Medical Imaging, Cambridge University Press

e Beauchamp, T. L., Childress, J. F., Principles of Biomedical Ethics, Oxford University Press

e ladanza, E. (ed.), Clinical Engineering Handbook, Elsevier

STANDARDS AND REGULATORY

e |[EC 60601-1, Medical Electrical Equipment: General Requirements for Basic Safety and Essential
Performance

e |EC 62353, Recurrent Test and Test After Repair of Medical Electrical Equipment

e World Medical Association, Declaration of Helsinki: Ethical Principles for Medical Research Involving
Human Subjects

e The Belmont Report, U.S. National Commission for the Protection of Human Subjects, 1979
e ABET, Criteria for Accrediting Engineering Programs

e |FMBE, field and curriculum resources



LANDMARK PAPERS

Hodgkin, A. L., Huxley, A. F., "A quantitative description of membrane current and its application to
conduction and excitation in nerve," Journal of Physiology, 1952

Clark, L. C., Lyons, C., "Electrode systems for continuous monitoring in cardiovascular surgery," Annals of
the New York Academy of Sciences, 1962

Huang, D., et al., "Optical coherence tomography," Science, 1991
Lauterbur, P. C., "Image formation by induced local interactions," Nature, 1973
National Academy of Engineering, Grand Challenges for Engineering

Nebeker, F., "Golden accomplishments in biomedical engineering," IEEE Engineering in Medicine and
Biology Magazine, 2002

CURRENT REVIEWS

Turner, A. P. F., "Biosensors: sense and sensibility," Chemical Society Reviews, 2013

Wang, B., et al., WHO Medical Devices Technical Series, Human Resources for Medical Devices: The Role
of Biomedical Engineers, 2017

Madhavan, G., Oakley, B., Kun, L. (eds.), Career Development in Bioengineering and Biotechnology,
Springer

CHAPTER ANCHORING

Introduction to Biomedical Engineering: Enderle and Bronzino; Saltzman; NAE Grand Challenges;
Nebeker

Biomedical Equipment Technology: Carr and Brown; Khandpur; IEC 60601-1
Fundamentals of Physics in Biomedical Engineering: Hobbie and Roth; Herman
Fundamentals of Mechanics in Biomedical Engineering: Ozkaya; Nordin and Frankel
Fundamentals of Biology in Biomedical Engineering: Campbell Biology; Alberts, Essential Cell Biology
Fundamentals of Human Physiology: Guyton and Hall; Silverthorn

Electrical Fundamentals of Biomedical Engineering: Horowitz and Hill; Plonsey and Barr
Biomedical Ethics: Beauchamp and Childress; Declaration of Helsinki; Belmont Report
Biological Signals: Rangayyan; Sérnmo and Laguna

Bioinstrumentation: Webster

Biosensors: Clark and Lyons; Turner; Webster

Biomedical Optics: Wang and Wu; Vo-Dinh; Huang et al.

Principles of Medical Imaging: Bushberg; Smith and Webb; Lauterbur

Clinical Engineering: ladanza; IEC 62353; WHO 2017

References reviewed: August 2026. Next review: August 2027.

Course 2: Human Anatomy

CORE TEXTS

e Tortora, G. J., Derrickson, B., Principles of Anatomy and Physiology, Wiley

OpenStax, Anatomy and Physiology 2e, Rice University

Standring, S. (ed.), Gray's Anatomy: The Anatomical Basis of Clinical Practice, Elsevier



Drake, R., Vogl, A. W., Mitchell, A., Gray's Anatomy for Students, Elsevier

Moore, K. L., Dalley, A. F., Agur, A. M. R,, Clinically Oriented Anatomy, Wolters Kluwer

Netter, F. H., Atlas of Human Anatomy, Elsevier

Marieb, E. N., Hoehn, K., Human Anatomy and Physiology, Pearson

STANDARDS AND REGULATORY

e FIPAT, Terminologia Anatomica

LANDMARK PAPERS

e Spitzer, V., Ackerman, M. J., Scherzinger, A. L., Whitlock, D., "The Visible Human Male: a technical
report," Journal of the American Medical Informatics Association, 1996

e Ackerman, M. J., "The Visible Human Project," Proceedings of the IEEE, 1998

CURRENT REVIEWS

e Sugand, K., Abrahames, P., Khurana, A., "The anatomy of anatomy: a review of education," Anatomical
Sciences Education, 2010

e Estai, M., Bunt, S., "Best teaching practices in anatomy education: a critical review," Annals of Anatomy,
2016

e Yammine, K., Violato, C., "A meta-analysis of the educational effectiveness of three-dimensional
visualization technologies in teaching anatomy," Anatomical Sciences Education, 2015

e StatPearls, NCBI Bookshelf, anatomy entries, National Library of Medicine (open access)

CHAPTER ANCHORING

e Introduction to Human Anatomy: Tortora ch. 1; OpenStax unit 1; Terminologia Anatomica for all
nomenclature

e The Skeletal System: Tortora and OpenStax skeletal chapters; Gray's for osteology depth; Netter plates

e The Muscular System: Tortora and OpenStax muscular chapters; Moore for functional muscle anatomy;
Netter plates

e The Nervous System: Tortora and OpenStax nervous system chapters; Gray's neuroanatomy sections

e The Cardiovascular System: Tortora and OpenStax cardiovascular chapters; Gray's for heart and
vasculature; Netter plates

e The Respiratory System: Tortora and OpenStax respiratory chapters; Moore thorax

e The Digestive System: Tortora and OpenStax digestive chapters; Moore abdomen

e The Urinary System: Tortora and OpenStax urinary chapters; Gray's for renal anatomy

e The Endocrine System: Tortora and OpenStax endocrine chapters

e The Reproductive System: Tortora and OpenStax reproductive chapters; Moore pelvis and perineum

e The Integumentary System: Tortora and OpenStax integument chapters; StatPearls skin entries

e The Lymphatic and Immune System: Tortora and OpenStax lymphatic chapters; Gray's lymphatic sections
e Special Senses: Tortora and OpenStax special senses chapters; Netter head and neck plates

References reviewed: August 2026. Next review: August 2027.



Course 3: Chemistry of Life

CORE TEXTS
e Timberlake, K. C., Chemistry: An Introduction to General, Organic, and Biological Chemistry, Pearson
e McMurry, J., et al., Fundamentals of General, Organic, and Biological Chemistry, Pearson
e OpenStax, Chemistry 2e, Rice University (open access)
e Atkins, P., de Paula, J., Physical Chemistry for the Life Sciences, Oxford University Press
e McMurry, J., Organic Chemistry, Cengage
e Nelson, D. L., Cox, M. M., Lehninger Principles of Biochemistry, Macmillan

e Berg, J. M., Tymoczko, J. L., Gatto, G. J., Stryer, L., Biochemistry, Macmillan

STANDARDS AND REGULATORY

e |UPAC nomenclature recommendations

LANDMARK PAPERS
e Pauling, L., The Nature of the Chemical Bond, Cornell University Press

e Henderson, L. J., "Concerning the relationship between the strength of acids and their capacity to
preserve neutrality," American Journal of Physiology, 1908

¢ Anfinsen, C. B., "Principles that govern the folding of protein chains," Science, 1973

CURRENT REVIEWS
e Dill, K. A., MacCallum, J. L., "The protein-folding problem, 50 years on," Science, 2012
e Jumper, J., et al., "Highly accurate protein structure prediction with AlphaFold," Nature, 2021

CHAPTER ANCHORING
e Matter and Measurements: Timberlake; OpenStax Chemistry 2e
e Atoms and Elements: Timberlake; OpenStax; IUPAC nomenclature
e Molecules and Compounds: Timberlake; OpenStax; Pauling
e Properties of Water and Chemical Reactions: Timberlake; OpenStax; Atkins and de Paula
e Solution Stoichiometry and Introduction to Acids and Bases: OpenStax; Timberlake
e Acids and Bases: Atkins and de Paula; Sgrensen; OpenStax
o Buffer Solutions: Henderson; Atkins and de Paula
e Redox Reactions: OpenStax; Timberlake

¢ Introduction to Organic Chemistry, Parts 1 and 2: McMurry, Organic Chemistry; McMurry GOB; IUPAC
organic nomenclature

¢ Lipids and Carbohydrates: Lehninger; Timberlake biological chapters
e Amino Acids, Proteins, and Enzymes: Lehninger; Stryer; Anfinsen; Dill; AlphaFold

References reviewed: August 2026. Next review: August 2027.

Course 4: Human Physiology

CORE TEXTS

e Hall, J. E., Guyton and Hall Textbook of Medical Physiology, Elsevier



Silverthorn, D. U., Human Physiology: An Integrated Approach, Pearson

Boron, W. F., Boulpaep, E. L., Medical Physiology, Elsevier

Barrett, K. E., et al., Ganong's Review of Medical Physiology, McGraw Hill
e Koeppen, B. M., Stanton, B. A., Berne and Levy Physiology, Elsevier

OpenStax, Anatomy and Physiology 2e, Rice University (open access)

LANDMARK PAPERS
e Cannon, W. B., "Organization for physiological homeostasis," Physiological Reviews, 1929

e Hodgkin, A. L., Huxley, A. F., "A quantitative description of membrane current and its application to
conduction and excitation in nerve," Journal of Physiology, 1952

e Neher, E., Sakmann, B., "Single-channel currents recorded from membrane of denervated frog muscle
fibres," Nature, 1976

e Starling, E. H., "On the absorption of fluids from the connective tissue spaces," Journal of Physiology,
1896

e Guyton, A. C., "The relationship of cardiac output and arterial pressure control," Circulation, 1981
e Bayliss, W. M, Starling, E. H., "The mechanism of pancreatic secretion," Journal of Physiology, 1902

e Huxley, H. E., Hanson, J., "Changes in the cross-striations of muscle during contraction and stretch and
their structural interpretation," Nature, 1954

CURRENT REVIEWS

e Physiological Reviews (American Physiological Society), the field's standing comprehensive review
journal

e Comprehensive Physiology (Wiley), the field's standing review series

e StatPearls, NCBI Bookshelf, physiology entries, National Library of Medicine (open access)

CHAPTER ANCHORING

¢ Introduction to Human Physiology: Silverthorn ch. 1; Cannon 1929; Guyton and Hall introductory
chapters

e The Nervous System: Guyton and Hall neurophysiology; Hodgkin and Huxley; Neher and Sakmann; Boron
for membrane depth

e The Cardiovascular System: Guyton and Hall cardiovascular chapters; Starling 1896; Guyton 1981

e The Respiratory System: Guyton and Hall respiratory chapters; Boron gas transport

e The Digestive System: Guyton and Hall gastrointestinal chapters; Silverthorn

e The Urinary System: Guyton and Hall renal chapters; Boron renal depth

e The Endocrine System: Guyton and Hall endocrine chapters; Bayliss and Starling 1902; Silverthorn
e The Reproductive System: Guyton and Hall reproductive chapters; Ganong's

e The Lymphatic and Immune Systems: Silverthorn immune chapter; StatPearls immunology entries
e The Integumentary System: OpenStax integument; StatPearls skin physiology entries

e The Skeletal System: OpenStax bone tissue chapters; Berne and Levy calcium regulation

e The Muscular System: Guyton and Hall muscle chapters; Huxley and Hanson 1954; Silverthorn

References reviewed: August 2026. Next review: August 2027.



Course 5: Human Biology

CORE TEXTS

Johnson, M. D., Human Biology: Concepts and Current Issues, Pearson
Mader, S. S., Windelspecht, M., Human Biology, McGraw Hill

OpenStax, Concepts of Biology, Rice University (open access)

OpenStax, Biology 2e, Rice University (open access)

Urry, L. A., et al., Campbell Biology, Pearson
Alberts, B., et al., Essential Cell Biology, W. W. Norton

LANDMARK PAPERS

e Watson, J. D., Crick, F. H. C., "Molecular structure of nucleic acids: a structure for deoxyribose nucleic
acid," Nature, 1953

e Meselson, M., Stahl, F. W., "The replication of DNA in Escherichia coli," PNAS, 1958

e Crick, F., "Central dogma of molecular biology," Nature, 1970

e Hanahan, D., Weinberg, R. A., "The hallmarks of cancer," Cell, 2000

e Thomson, J. A., et al., "Embryonic stem cell lines derived from human blastocysts," Science, 1998

e Takahashi, K., Yamanaka, S., "Induction of pluripotent stem cells from mouse embryonic and adult
fibroblast cultures by defined factors," Cell, 2006

e Jinek, M., et al., "A programmable dual-RNA-guided DNA endonuclease in adaptive bacterial immunity,’
Science, 2012

e Darwin, C., On the Origin of Species, John Murray, 1859

CURRENT REVIEWS
e Hanahan, D., "Hallmarks of cancer: new dimensions," Cancer Discovery, 2022

e Doudna, J. A, Charpentier, E., "The new frontier of genome engineering with CRISPR-Cas9," Science,
2014

e International Human Genome Sequencing Consortium, "Initial sequencing and analysis of the human
genome," Nature, 2001

CHAPTER ANCHORING
e Human Biology, Science, and Society: Johnson ch. 1; Mader introductory chapters
e The Chemistry of Living Things: Johnson; OpenStax Biology 2e chemistry unit
e Overview, Structure, and Function of Cells: Alberts, Essential Cell Biology; Campbell cell unit
e DNA and Chromosomes: Watson and Crick 1953; Campbell; Alberts
e DNA Replication: Meselson and Stahl 1958; Crick 1970; Alberts
e Cell Reproduction and Differentiation: Campbell cell cycle chapters; Alberts
e Cancer: Hanahan and Weinberg 2000; Hanahan 2022
e Genetics and Inheritance: Mendel 1866; Campbell genetics unit; Johnson
e Human Development: Mader development chapters; Johnson
e From Cells to Organ Systems: Johnson; OpenStax Concepts of Biology
e Stem Cells: Thomson 1998; Takahashi and Yamanaka 2006

e DNA Technology and Genetic Engineering: Jinek 2012; Doudna and Charpentier 2014; Human Genome
2001



Evolution and Ecosystems: Darwin 1859; Campbell evolution and ecology units

References reviewed: August 2026. Next review: August 2027.

Course 6: Biomechanics

CORE TEXTS

Hall, S. J., Basic Biomechanics, McGraw Hill

Knudson, D., Fundamentals of Biomechanics, Springer

Hamill, J., Knutzen, K. M., Biomechanical Basis of Human Movement, Wolters Kluwer

Ozkaya, N., et al., Fundamentals of Biomechanics: Equilibrium, Motion, and Deformation, Springer
Winter, D. A., Biomechanics and Motor Control of Human Movement, Wiley

Nordin, M., Frankel, V. H., Basic Biomechanics of the Musculoskeletal System, Wolters Kluwer
Fung, Y. C., Biomechanics: Mechanical Properties of Living Tissues, Springer

Caro, C. G., Pedley, T. J., Schroter, R. C., Seed, W. A., The Mechanics of the Circulation, Cambridge
University Press

Whiting, W. C., Zernicke, R. F., Biomechanics of Musculoskeletal Injury, Human Kinetics

Perry, J., Burnfield, J. M., Gait Analysis: Normal and Pathological Function, Slack

STANDARDS AND REGULATORY

International Society of Biomechanics (ISB) recommendations on definitions of joint coordinate systems

LANDMARK PAPERS

Hill, A. V., "The heat of shortening and the dynamic constants of muscle," Proceedings of the Royal
Society B, 1938

Huxley, H. E., Hanson, J., "Changes in the cross-striations of muscle during contraction and stretch and
their structural interpretation,” Nature, 1954

Frost, H. M., "Bone's mechanostat: a 2003 update," The Anatomical Record Part A, 2003

Mow, V. C,, et al., "Biphasic creep and stress relaxation of articular cartilage in compression," Journal of
Biomechanical Engineering, 1980

Sutera, S. P., Skalak, R., "The history of Poiseuille's law," Annual Review of Fluid Mechanics, 1993

CURRENT REVIEWS

Cappozzo, A., et al., "Human movement analysis using stereophotogrammetry. Part 1: theoretical
background," Gait and Posture, 2005

Delp, S. L., et al., "OpenSim: open-source software to create and analyze dynamic simulations of
movement," IEEE Transactions on Biomedical Engineering, 2007

Hicks, J. L., et al., "Is my model good enough? Best practices for verification and validation of
musculoskeletal models and simulations of movement," Journal of Biomechanical Engineering, 2015

Journal of Biomechanics (Elsevier), the field's standing primary journal

CHAPTER ANCHORING

Introduction and History of Biomechanics: Borelli 1680; Hall ch. 1; Knudson
Linear and Angular Kinematics: Hall; Hamill and Knutzen; ISB coordinate conventions

Linear Motion, Work, Energy, and Power: Hall; Ozkaya



Fundamentals of Mechanics and Qualitative Analysis: Knudson; Ozkaya

Anatomical Definitions and Muscle Structures: Hamill and Knutzen; Nordin and Frankel

Muscle Movements and the Skeletal-Muscular System: Hill 1938; Huxley and Hanson 1954; Winter
Bone Physiology and Bone Fractures: Wolff 1892; Frost 2003; Nordin and Frankel bone chapters
Structure and Mechanical Properties of Joints: Mow 1980; Fung; Nordin and Frankel joint chapters
Mechanics of the Cardiovascular System: Caro et al.; Fung

Fluid Mechanics: Caro et al.; Sutera and Skalak 1993

Biomechanics of Injury and Rehabilitation: Whiting and Zernicke; Nordin and Frankel

Human Motion Analysis: Winter; Perry; Cappozzo 2005; Delp 2007; Hicks 2015

References reviewed: August 2026. Next review: August 2027.

Course 7: Biomaterials

CORE TEXTS

Ratner, B. D., Hoffman, A. S., Schoen, F. J., Lemons, J. E. (eds.), Biomaterials Science: An Introduction to
Materials in Medicine, Elsevier

Temenoff, J. S., Mikos, A. G., Biomaterials: The Intersection of Biology and Materials Science, Pearson
Park, J., Lakes, R. S., Biomaterials: An Introduction, Springer
Williams, D. F., Essential Biomaterials Science, Cambridge University Press

Williams, D. F., The Williams Dictionary of Biomaterials, Liverpool University Press

STANDARDS AND REGULATORY

ISO 10993 series, Biological Evaluation of Medical Devices

LANDMARK PAPERS

Hench, L. L., "Bioceramics: from concept to clinic," Journal of the American Ceramic Society, 1991
Williams, D. F., "On the mechanisms of biocompatibility," Biomaterials, 2008

Vroman, L., Adams, A. L., "Findings with the recording ellipsometer suggesting rapid exchange of specific
plasma proteins at liquid/solid interfaces," Surface Science, 1969

Anderson, J. M., Rodriguez, A., Chang, D. T., "Foreign body reaction to biomaterials," Seminars in
Immunology, 2008

Discher, D. E., Janmey, P., Wang, Y.-L., "Tissue cells feel and respond to the stiffness of their substrate,"
Science, 2005

Gorbet, M. B., Sefton, M. V., "Biomaterial-associated thrombosis: roles of coagulation factors,

complement, platelets and leukocytes," Biomaterials, 2004

Gristina, A. G., "Biomaterial-centered infection: microbial adhesion versus tissue integration," Science,
1987

CURRENT REVIEWS

Hoffman, A. S., "Hydrogels for biomedical applications," Advanced Drug Delivery Reviews, 2012

Ratner, B. D., Bryant, S. J., "Biomaterials: where we have been and where we are going," Annual Review
of Biomedical Engineering, 2004



Langer, R., Peppas, N. A., "Advances in biomaterials, drug delivery, and bionanotechnology," AIChE
Journal, 2003

Wilson, C. J., et al., "Mediation of biomaterial-cell interactions by adsorbed proteins: a review," Tissue
Engineering, 2005

CHAPTER ANCHORING

Introduction to Biomaterials: Ratner Part I; Williams Dictionary for all definitions; Ratner and Bryant
2004

Types of Biomaterials: Ratner materials chapters; Park and Lakes; Hench 1991 (ceramics); Hoffman 2012
Biocompatibility and Tissue Interaction: Williams 2008; ISO 10993; Temenoff and Mikos

Mechanical Properties of Biomaterials: Park and Lakes; Ratner properties chapters

Biomaterial Degradation and Processing: Ratner degradation chapters; ISO 10993 degradation parts
Surface Properties of Biomaterials: Ratner surface chapters; Williams, Essential Biomaterials Science
Protein Interactions with Biomaterials: Vroman 1969; Wilson 2005

Cell Interaction with Biomaterials: Discher 2005; Temenoff and Mikos

The Immune Response to Biomaterials: Anderson 2008; Ratner host-response chapters

Biomaterials and Thrombosis: Gorbet and Sefton 2004; ISO 10993-4 hemocompatibility

Implantation, Acute Inflammation, and Wound Healing: Anderson 2008; Ratner host-response chapters
Infection, Tumorigenesis, and Calcification: Gristina 1987; Ratner pathology chapters

Protein and Cellular Response to Biomaterials: Vroman 1969; Wilson 2005; Discher 2005

Advanced Applications of Biomaterials in Medicine: Langer and Peppas 2003; Ratner applications
chapters

References reviewed: August 2026. Next review: August 2027.

Course 8: Signals and Systems

CORE TEXTS

Oppenheim, A. V., Willsky, A. S., Nawab, S. H., Signals and Systems, Pearson
Lathi, B. P., Green, R. A,, Linear Systems and Signals, Oxford University Press
Haykin, S., Van Veen, B., Signals and Systems, Wiley

Oppenheim, A. V., Schafer, R. W., Discrete-Time Signal Processing, Pearson

Proakis, J. G., Manolakis, D. G., Digital Signal Processing: Principles, Algorithms, and Applications,
Pearson

Lyons, R. G., Understanding Digital Signal Processing, Pearson

LANDMARK PAPERS

Nyquist, H., "Certain topics in telegraph transmission theory," Transactions of the AIEE, 1928
Shannon, C. E., "Communication in the presence of noise," Proceedings of the IRE, 1949

Cooley, J. W., Tukey, J. W., "An algorithm for the machine calculation of complex Fourier series,"
Mathematics of Computation, 1965



CURRENT REVIEWS

e Heideman, M. T., Johnson, D. H., Burrus, C. S., "Gauss and the history of the fast Fourier transform," IEEE
ASSP Magazine, 1984

e |EEE Signal Processing Magazine, the field's standing tutorial and review venue

CHAPTER ANCHORING
e Introduction to Signals and Systems: Oppenheim ch. 1; Lathi
e Basic Continuous-Time and Discrete-Time Signals: Oppenheim ch. 1; Haykin and Van Veen
e Convolution: Oppenheim ch. 2; Lathi
e Properties of LTI Systems: Oppenheim ch. 2; Haykin and Van Veen
e Systems Represented by Differential and Difference Equations: Oppenheim ch. 2; Lathi
e Fourier Series, Continuous-Time: Fourier 1822; Oppenheim ch. 3
e Fourier Series, Discrete-Time: Oppenheim ch. 3; Oppenheim and Schafer
e Sampling and Reconstruction of Signals: Nyquist 1928; Shannon 1949; Oppenheim ch. 7
e Continuous-Time Fourier Transform: Oppenheim ch. 4; Lathi
e Properties of the Continuous-Time Fourier Transform: Oppenheim ch. 4

e Systems Characterized by Linear Constant-Coefficient Differential Equations: Oppenheim chs. 4 and 6;
Lathi

e Discrete Fourier Transform and Sampling: Cooley and Tukey 1965; Oppenheim and Schafer; Proakis;
Heideman 1984

e The Laplace Transform: Oppenheim ch. 9; Lathi
e The z-Transform: Oppenheim ch. 10; Oppenheim and Schafer; Lyons

References reviewed: August 2026. Next review: August 2027.

Course 9: Biostatistics

CORE TEXTS

Rosner, B., Fundamentals of Biostatistics, Cengage

e Pagano, M., Gauvreau, K., Principles of Biostatistics, CRC Press

Daniel, W. W., Cross, C. L., Biostatistics: A Foundation for Analysis in the Health Sciences, Wiley

Motulsky, H., Intuitive Biostatistics, Oxford University Press
Glantz, S. A., Primer of Biostatistics, McGraw Hill
Kirkwood, B. R., Sterne, J. A. C., Essential Medical Statistics, Wiley-Blackwell

LANDMARK PAPERS
e Student (Gosset, W. S.), "The probable error of a mean," Biometrika, 1908

e Pearson, K., "On the criterion that a given system of deviations from the probable in the case of a
correlated system of variables is such that it can be reasonably supposed to have arisen from random
sampling," Philosophical Magazine, 1900

e Fisher, R. A., Statistical Methods for Research Workers, Oliver and Boyd, 1925

e Neyman, J., Pearson, E. S., "On the problem of the most efficient tests of statistical hypotheses,"
Philosophical Transactions of the Royal Society A, 1933



Neyman, J., "Outline of a theory of statistical estimation based on the classical theory of probability,"
Philosophical Transactions of the Royal Society A, 1937

Wilcoxon, F., "Individual comparisons by ranking methods," Biometrics Bulletin, 1945

Mann, H. B., Whitney, D. R., "On a test of whether one of two random variables is stochastically larger
than the other," Annals of Mathematical Statistics, 1947

Kruskal, W. H., Wallis, W. A., "Use of ranks in one-criterion variance analysis," Journal of the American
Statistical Association, 1952

Friedman, M., "The use of ranks to avoid the assumption of normality implicit in the analysis of
variance," Journal of the American Statistical Association, 1937

McNemar, Q., "Note on the sampling error of the difference between correlated proportions or
percentages," Psychometrika, 1947

Galton, F., "Regression towards mediocrity in hereditary stature," Journal of the Anthropological
Institute, 1886

CURRENT REVIEWS

Greenland, S., et al., "Statistical tests, P values, confidence intervals, and power: a guide to
misinterpretations," European Journal of Epidemiology, 2016

Wasserstein, R. L., Lazar, N. A., "The ASA statement on p-values: context, process, and purpose," The
American Statistician, 2016

Krzywinski, M., Altman, N., "Points of Significance" series, Nature Methods

loannidis, J. P. A., "Why most published research findings are false," PLoS Medicine, 2005

CHAPTER ANCHORING

Introduction to Biostatistics: Rosner ch. 1; Motulsky

Descriptive Statistics: Rosner; Pagano

Probability Theory: Rosner probability chapters; Daniel

Sampling Distributions and the Central Limit Theorem: Rosner; Pagano

ANOVA: Fisher 1925; Rosner ANOVA chapters; Glantz

The t-Test: Student 1908; Rosner; Motulsky

Contingency Tables, Chi-Square, z-Test: Pearson 1900; Rosner categorical chapters

Fisher Exact Test, Relative Risk, Odds Ratio: Fisher 1925; Kirkwood and Sterne epidemiological chapters

Power and Sample Size: Neyman and Pearson 1933; Cohen, Statistical Power Analysis for the Behavioral
Sciences, Routledge

Paired t-Test, Repeated Measures ANOVA, McNemar's Test: McNemar 1947; Glantz repeated measures
chapters

Nonparametric Tests, Mann-Whitney and Wilcoxon: Wilcoxon 1945; Mann and Whitney 1947
Nonparametric Tests, Kruskal-Wallis and Friedman: Kruskal and Wallis 1952; Friedman 1937
Confidence Intervals: Neyman 1937; Greenland 2016

Correlation and Regression: Galton 1886; Rosner regression chapters

References reviewed: August 2026. Next review: August 2027.



Course 10: Modeling and Simulation

CORE TEXTS

Kluever, C. A., Dynamic Systems: Modeling, Simulation, and Control, Wiley

Palm, W. J., System Dynamics, McGraw Hill

Ogata, K., System Dynamics, Pearson

Close, C. M., Frederick, D. K., Newell, J. C., Modeling and Analysis of Dynamic Systems, Wiley

Ogata, K., Modern Control Engineering, Pearson

Nise, N. S., Control Systems Engineering, Wiley

LANDMARK PAPERS
e Bode, H. W., Network Analysis and Feedback Amplifier Design, Van Nostrand, 1945
e Nyquist, H., "Regeneration theory," Bell System Technical Journal, 1932
e Kalman, R. E., "On the general theory of control systems," Proceedings of the First IFAC Congress, 1960

e Maxwell, J. C., "On governors," Proceedings of the Royal Society, 1868

CURRENT REVIEWS

e Astrom, K. J., Murray, R. M., Feedback Systems: An Introduction for Scientists and Engineers, Princeton
University Press

e Simulink Documentation and Modeling Guidance, MathWorks

CHAPTER ANCHORING
e Basic Definitions and Introduction: Kluever ch. 1; Palm; Maxwell 1868 for historical framing
¢ Modeling of Mechanical Systems: Kluever; Palm mechanical chapters
e Modeling Electrical Systems: Kluever; Ogata, System Dynamics
e Modeling Electromechanical Systems: Kluever; Close, Frederick, Newell
e Modeling Fluid and Thermal Systems: Palm fluid and thermal chapters; Kluever

e State-Variable Equations, State-Space, Linearization: Kalman 1960; Kluever state-space chapters; Ogata,
Modern Control Engineering

¢ Input-Output Equations, Transfer Functions, Block Diagrams: Kluever; Nise; Ogata

e Analytical Solutions, First- and Second-Order Response: Kluever response chapters; Palm
e System Analysis Using Laplace Transforms: Ogata, Modern Control Engineering; Kluever
e Frequency Response: Nyquist 1932; Ogata; Nise

e Bode Diagrams: Bode 1945; Ogata; Astrom and Murray

References reviewed: August 2026. Next review: August 2027.

Course 11: Instrumentation

CORE TEXTS

Webster, J. G. (ed.), Medical Instrumentation: Application and Design, Wiley

Cromwell, L., Weibell, F. J., Pfeiffer, E. A., Biomedical Instrumentation and Measurements, Pearson

Carr, J. J., Brown, J. M., Introduction to Biomedical Equipment Technology, Pearson

Khandpur, R. S., Handbook of Biomedical Instrumentation, McGraw Hill



Togawa, T., Tamura, T., Oberg, P. A., Biomedical Sensors and Instruments, CRC Press

Horowitz, P., Hill, W., The Art of Electronics, Cambridge University Press

STANDARDS AND REGULATORY

IEC 60601-1, Medical Electrical Equipment: General Requirements for Basic Safety and Essential
Performance

IEC 60601-2-49, Multifunction Patient Monitoring Equipment
AAMI/ANSI EC12, Disposable ECG Electrodes

LANDMARK PAPERS

Geddes, L. A., Baker, L. E., "The specific resistance of biological material," Medical and Biological
Engineering, 1967

Webster, J. G., "Reducing motion artifacts and interference in biopotential recording," IEEE Transactions
on Biomedical Engineering, 1984

CURRENT REVIEWS

Neuman, M. R., "Biopotential electrodes" and "Biopotential amplifiers," in Webster (ed.), Medical
Instrumentation, Wiley

Ko, W. H., "Early history and challenges of implantable electronics," ACM Journal on Emerging
Technologies in Computing Systems, 2012

IEEE Reviews in Biomedical Engineering, standing reviews in sensing and instrumentation

CHAPTER ANCHORING

Basic Medical Instrumentation Concepts: Webster ch. 1; Cromwell introductory chapters
General Terms and Definitions: Webster ch. 1

Fundamentals of Biostatistics: Webster ch. 1 statistics of measurement; Rosner, Fundamentals of
Biostatistics, Cengage

Sensors and Working Principles: Togawa; Webster sensor chapters; Khandpur

Bioelectric Potentials: Einthoven 1906; Cromwell bioelectric chapters; Geddes and Baker 1967
Biopotential Electrodes: Neuman in Webster; AAMI EC12

Biopotential Amplifiers: Neuman in Webster; Horowitz and Hill; Webster 1984

Digital Signal Processing in Medical Instrumentation: Webster DSP sections; Rangayyan, Biomedical
Signal Analysis, Wiley-IEEE Press

Blood Pressure and Heart Sound Measurement: Korotkoff 1905; Webster pressure and sound chapters
Blood Flow and Volume Measurement: Fick 1870; Webster flow chapters; Cromwell
Respiratory System Measurements: Webster respiratory chapters; Carr and Brown

Imaging Methods and General Concepts: Webster imaging chapter; Bushberg, The Essential Physics of
Medical Imaging, Wolters Kluwer

References reviewed: August 2026. Next review: August 2027.

Course 12: Cell and Tissue Engineering

CORE TEXTS

Lanza, R., Langer, R., Vacanti, J., Atala, A. (eds.), Principles of Tissue Engineering, Elsevier



e Palsson, B. @., Bhatia, S. N., Tissue Engineering, Pearson
e Yannas, I. V., Tissue and Organ Regeneration in Adults, Springer

e Alberts, B., et al., Molecular Biology of the Cell, W. W. Norton

STANDARDS AND REGULATORY
e U.S.FDA, 21 CFR Part 1271, Human Cells, Tissues, and Cellular and Tissue-Based Products
e EU Regulation (EC) 1394/2007, Advanced Therapy Medicinal Products framework

LANDMARK PAPERS
e Langer, R., Vacanti, J. P., "Tissue engineering," Science, 1993

e Yannas, |. V., Burke, J. F., "Design of an artificial skin. I. Basic design principles," Journal of Biomedical
Materials Research, 1980

e Dewey, C. F., Bussolari, S. R., Gimbrone, M. A,, Davies, P. F., "The dynamic response of vascular
endothelial cells to fluid shear stress," Journal of Biomechanical Engineering, 1981

e Thomson, J. A, et al., "Embryonic stem cell lines derived from human blastocysts," Science, 1998

e Takahashi, K., Yamanaka, S., "Induction of pluripotent stem cells from mouse embryonic and adult
fibroblast cultures by defined factors," Cell, 2006

e Caplan, A. I., "Mesenchymal stem cells," Journal of Orthopaedic Research, 1991

e Engler, A. J., Sen, S., Sweeney, H. L., Discher, D. E., "Matrix elasticity directs stem cell lineage
specification," Cell, 2006

e Atala, A., et al., "Tissue-engineered autologous bladders for patients needing cystoplasty,” The Lancet,
2006

e Hubbell, J. A, "Biomaterials in tissue engineering," Bio/Technology, 1995

CURRENT REVIEWS
e Khademhosseini, A., Langer, R., "A decade of progress in tissue engineering," Nature Protocols, 2016
e Hollister, S. J., "Porous scaffold design for tissue engineering," Nature Materials, 2005

e Schmidt, C. E., Leach, J. B., "Neural tissue engineering: strategies for repair and regeneration," Annual
Review of Biomedical Engineering, 2003

e Murphy, S. V., Atala, A., "3D bioprinting of tissues and organs," Nature Biotechnology, 2014

e Hussey, G.S., Dziki, J. L., Badylak, S. F., "Extracellular matrix-based materials for regenerative medicine,"
Nature Reviews Materials, 2018

CHAPTER ANCHORING
e Tissue Engineering: Langer and Vacanti 1993; Lanza introductory chapters
e Surface Immobilization of Adhesion Ligands: Hubbell 1995; Lanza surface-modification chapters
e Biomaterials, Protein-Surface Interactions: Lanza; Ratner, Biomaterials Science, Elsevier
¢ Engineering Biomaterials, the 10-100 Micron Size Scale: Lanza; Hollister 2005
e Regeneration Templates: Yannas and Burke 1980; Yannas, Tissue and Organ Regeneration in Adults
e Fluid Shear Stress Effects on Cellular Function: Dewey 1981; Palsson and Bhatia bioreactor chapters
e The Biology of Stem Cells: Thomson 1998; Takahashi and Yamanaka 2006; Engler 2006
e Cell Motility and Tissue Architecture: Alberts cytoskeleton and tissue chapters; Palsson and Bhatia
e Bioactive Scaffolds: Hollister 2005; Hussey 2018; Lanza scaffold chapters

e The Importance of Stromal Cells: Caplan 1991; Lanza stromal chapters



e Tissue Engineering of Bone and Skeletal Muscle: Lanza organ-specific chapters; Caplan 1991

e Tissue Engineering of the Liver and Cartilage: Lanza organ-specific chapters; Mow 1980 for cartilage
mechanics context

e Tissue Engineering in the Nervous System: Schmidt and Leach 2003; Lanza neural chapters

e Tissue Engineering of the Kidney: Lanza kidney chapter; Atala 2006 for the engineered-organ precedent

References reviewed: August 2026. Next review: August 2027.

Course 13: Therapeutic Devices

CORE TEXTS
e Webster, J. G. (ed.), Encyclopedia of Medical Devices and Instrumentation, Wiley
e Kramme, R., Hoffmann, K.-P., Pozos, R. S. (eds.), Springer Handbook of Medical Technology, Springer
e Bronzino, J. D. (ed.), Medical Devices and Systems, CRC Press
e ladanza, E. (ed.), Clinical Engineering Handbook, Elsevier

e Khandpur, R. S., Handbook of Biomedical Instrumentation, McGraw Hill

STANDARDS AND REGULATORY
e |[EC 60601-1, general safety standard governing all device chapters
e [SO 14708-2, Active Implantable Medical Devices: Cardiac Pacemakers
e |EC 60601-2-4, Cardiac Defibrillators
e |SO 8637 series, Extracorporeal Systems for Blood Purification
e 1SO 80601-2-12, Critical Care Ventilators
e |EC 60601-2-24, Infusion Pumps and Controllers
e |[EC 60601-2-2, High Frequency Surgical Equipment
e |SO 14708-7, Active Implantable Medical Devices: Cochlear Implant Systems
e [SO 7206 series, Implants for Surgery: Partial and Total Hip Joint Prostheses

LANDMARK PAPERS

e Zoll, P. M., "Resuscitation of the heart in ventricular standstill by external electric stimulation,”" New
England Journal of Medicine, 1952

e Larsson, B., EImqvist, H., Rydén, L., Schiiller, H., "Lessons from the first patient with an implanted
pacemaker: 1958-2001," Pacing and Clinical Electrophysiology, 2003

e Zoll, P. M., et al., "Termination of ventricular fibrillation in man by externally applied electric
countershock," New England Journal of Medicine, 1956

e Mirowski, M., et al., "Termination of malignant ventricular arrhythmias with an implanted automatic
defibrillator in human beings," New England Journal of Medicine, 1980

e Kantrowitz, A., et al., "Initial clinical experience with intraaortic balloon pumping in cardiogenic shock,"
JAMA, 1968

e Kolff, W. J., Berk, H. T. J., "The artificial kidney: a dialyser with a great area," Acta Medica Scandinavica,
1944

e Chaussy, C., et al., "Extracorporeally induced destruction of kidney stones by shock waves," The Lancet,
1980



Lassen, H. C. A., "A preliminary report on the 1952 epidemic of poliomyelitis in Copenhagen," The
Lancet, 1953

The Acute Respiratory Distress Syndrome Network, "Ventilation with lower tidal volumes as compared
with traditional tidal volumes for acute lung injury and ARDS," New England Journal of Medicine, 2000

Cushing, H., "Electro-surgery as an aid to the removal of intracranial tumors," Surgery, Gynecology and
Obstetrics, 1928

Wilson, B. S., et al., "Better speech recognition with cochlear implants," Nature, 1991
Charnley, J., "Arthroplasty of the hip: a new operation,"” The Lancet, 1961

Pickup, J. C., et al., "Continuous subcutaneous insulin infusion: an approach to achieving
normoglycaemia," BMJ, 1978

CURRENT REVIEWS

Greatbatch, W., Holmes, C. F., "History of implantable devices," IEEE Engineering in Medicine and
Biology Magazine, 1991

Wilson, B. S., Dorman, M. F., "Cochlear implants: a remarkable past and a brilliant future," Hearing
Research, 2008

CHAPTER ANCHORING

Introduction: Webster Encyclopedia; Greatbatch and Holmes 1991; IEC 60601-1
Cardiac Pacemakers: Zoll 1952; Larsson 2003; ISO 14708-2; Webster pacemaker entry
Defibrillators: Zoll 1956; Mirowski 1980; IEC 60601-2-4

Cardiac Assist Devices, IABP: Kantrowitz 1968; Kramme cardiac assist chapters

Renal and Hemodialysis: Kolff 1944; 1ISO 8637; Kramme dialysis chapters

Lithotripsy: Chaussy 1980; Webster lithotripsy entry

Ventilators: Lassen 1953; ARDSNet 2000; ISO 80601-2-12

Drug Infusion Pumps: IEC 60601-2-24; Webster infusion entry; Khandpur
Electrosurgical Units: Cushing 1928; IEC 60601-2-2; Kramme electrosurgery chapters
Cochlear Implants: Wilson 1991; Wilson and Dorman 2008; ISO 14708-7

Orthopedic Implants and Prosthetics: Charnley 1961; 1ISO 7206; Bronzino orthopedic chapters
Insulin Pumps: Pickup 1978; IEC 60601-2-24; Kramme diabetes technology chapters

References reviewed: August 2026. Next review: August 2027.

Course 14: Medical Imaging Physics

CORE TEXTS

Bushberg, J. T., Seibert, J. A,, Leidholdt, E. M., Boone, J. M., The Essential Physics of Medical Imaging,
Wolters Kluwer

Hendee, W. R., Ritenour, E. R., Medical Imaging Physics, Wiley
Cherry, S. R., Sorenson, J. A, Phelps, M. E., Physics in Nuclear Medicine, Elsevier

Kalender, W. A., Computed Tomography: Fundamentals, System Technology, Image Quality,
Applications, Wiley

Hoskins, P. R., Martin, K., Thrush, A., Diagnostic Ultrasound: Physics and Equipment, CRC Press



McRobbie, D. W., Moore, E. A., Graves, M. J., Prince, M. R., MRI from Picture to Proton, Cambridge
University Press

IAEA, Diagnostic Radiology Physics: A Handbook for Teachers and Students, International Atomic Energy
Agency (open access)

IAEA, Nuclear Medicine Physics: A Handbook for Teachers and Students, International Atomic Energy
Agency (open access)

STANDARDS AND REGULATORY

ICRP Publication 103, The 2007 Recommendations of the International Commission on Radiological
Protection

IAEA SSG-46, Radiation Protection and Safety in Medical Uses of lonizing Radiation

IEC 60601-2-44 (CT), IEC 60601-2-45 (mammography), IEC 60601-2-37 (ultrasound), IEC 60601-2-33
(MR), modality safety standards

U.S. Mammography Quality Standards Act (MQSA) framework
ACR Appropriateness Criteria

LANDMARK PAPERS

Rontgen, W. C., "On a new kind of rays," Nature, 1896

Cormack, A. M., "Representation of a function by its line integrals, with some radiological applications,"
Journal of Applied Physics, 1963

Hounsfield, G. N., "Computerized transverse axial scanning (tomography): Part 1. Description of system,"
British Journal of Radiology, 1973

Lauterbur, P. C., "Image formation by induced local interactions: examples employing nuclear magnetic
resonance,"” Nature, 1973

Wwild, J. J., Reid, J. M., "Application of echo-ranging techniques to the determination of structure of
biological tissues," Science, 1952

Anger, H. O., "Scintillation camera," Review of Scientific Instruments, 1958

Ter-Pogossian, M. M., et al., "A positron-emission transaxial tomograph for nuclear imaging (PETT),"
Radiology, 1975

Tabar, L., et al., "Reduction in mortality from breast cancer after mass screening with mammography,"
The Lancet, 1985

Ogawa, S., et al., "Brain magnetic resonance imaging with contrast dependent on blood oxygenation,"
PNAS, 1990

CURRENT REVIEWS

Brenner, D. J., Hall, E. J., "Computed tomography: an increasing source of radiation exposure," New
England Journal of Medicine, 2007

McCollough, C. H., et al., "Dual- and multi-energy CT: principles, technical approaches, and clinical
applications," Radiology, 2015

Lohrke, J., et al., "25 years of contrast-enhanced MRI: developments, current challenges and future
perspectives," Advances in Therapy, 2016

Willmann, J. K., et al., "Molecular imaging in drug development," Nature Reviews Drug Discovery, 2008

CHAPTER ANCHORING

Introduction to Medical Imaging: Bushberg ch. 1; Rontgen 1896; IAEA handbook ch. 1
X-Ray Imaging Physics: Bushberg X-ray chapters; Hendee; IAEA handbook



Computed Tomography: Cormack 1963; Hounsfield 1973; Kalender; Brenner and Hall 2007

Magnetic Resonance Imaging: Lauterbur 1973; McRobbie; IEC 60601-2-33

Ultrasound Imaging: Wild and Reid 1952; Hoskins; IEC 60601-2-37

Nuclear Medicine Imaging: Anger 1958; Ter-Pogossian 1975; Cherry; IAEA Nuclear Medicine handbook
Radiation Safety and Dosimetry: ICRP 103; IAEA SSG-46; Bushberg dosimetry chapters

Mammography and Breast Imaging: Tabar 1985; IEC 60601-2-45; MQSA framework; Bushberg
mammography chapter

Image Processing in Medical Imaging: Bushberg image quality chapters; Gonzalez, R. C., Woods, R. E.,
Digital Image Processing, Pearson

Functional and Molecular Imaging: Ogawa 1990; Willmann 2008; Cherry molecular imaging chapters

Advanced MRI Techniques: McRobbie advanced chapters; McCollough 2015 for spectral methods
context

Image Artifacts and Quality Control: Bushberg artifacts and QC chapters; IAEA handbook QC sections
Contrast Agents in Medical Imaging: Lohrke 2016; Bushberg contrast chapters

Ethics, Regulatory, and Legal Considerations: ICRP 103 justification and optimisation principles; ACR
Appropriateness Criteria; IAEA SSG-46

References reviewed: August 2026. Next review: August 2027.

Course 15: Device Design

CORE TEXTS

Yock, P., Zenios, S., Makower, J., et al., Biodesign: The Process of Innovating Medical Technologies,
Cambridge University Press

Ogrodnik, P. J., Medical Device Design: Innovation from Concept to Market, Elsevier
Fries, R. C., Reliable Design of Medical Devices, CRC Press

Ratner, B. D., et al. (eds.), Biomaterials Science, Elsevier

Webster, J. G. (ed.), Medical Instrumentation: Application and Design, Wiley

Wiklund, M. E., Kendler, J., Strochlic, A. Y., Usability Testing of Medical Devices, CRC Press

STANDARDS AND REGULATORY

ISO 13485, Quality Management Systems for Medical Devices

ISO 14971, Application of Risk Management to Medical Devices

IEC 62304, Medical Device Software Life Cycle Processes

IEC 62366-1, Application of Usability Engineering to Medical Devices

U.S. FDA, 21 CFR Part 820 and Design Control Guidance for Medical Device Manufacturers

U.S. FDA, Applying Human Factors and Usability Engineering to Medical Devices

EU Regulation 2017/745 (MDR)

ISO 14155, Clinical Investigation of Medical Devices for Human Subjects: Good Clinical Practice
ASME V&V 40, Assessing Credibility of Computational Modeling: Application to Medical Devices

World Medical Association, Declaration of Helsinki



LANDMARK PAPERS

Kaplan, A. V., et al., "Medical device development: from prototype to regulatory approval," Circulation,
2004

Pietzsch, J. B., et al., "Stage-gate process for the development of medical devices," Journal of Medical
Devices, 2009

Leveson, N. G., Turner, C. S., "An investigation of the Therac-25 accidents," IEEE Computer, 1993

Cohen, D., "How safe are metal-on-metal hip implants?," BMJ, 2012

CURRENT REVIEWS

Van Norman, G. A., "Drugs, devices, and the FDA: Part 2, an overview of approval processes for medical
devices," JACC: Basic to Translational Science, 2016

Viceconti, M., et al., "In silico trials: verification, validation and uncertainty quantification of predictive
models," Methods, 2021

CHAPTER ANCHORING

Introduction to Biomedical Device Design: Biodesign Part I; Kaplan 2004; Pietzsch 2009
Biomedical Materials Science: Ratner; 1ISO 10993 series, Biological Evaluation of Medical Devices

Biomechanics and Device Interaction with Human Anatomy: Nordin and Frankel, Basic Biomechanics of
the Musculoskeletal System, Wolters Kluwer; Ogrodnik anatomical design chapters

Bioinstrumentation and Sensor Integration: Webster; Ogrodnik

Medical Device Prototyping and Manufacturing: Biodesign implementation chapters; Fries; ISO 13485
production controls

Human Factors Engineering and Usability: IEC 62366-1; FDA Human Factors guidance; Wiklund
Regulations, Ethics, and Standards: 21 CFR 820; EU MDR; ISO 14971; Declaration of Helsinki; Van
Norman 2016

Medical Imaging and Diagnostic Devices: Bushberg, The Essential Physics of Medical Imaging, Wolters
Kluwer; Biodesign diagnostics cases

Computational Methods and Simulation in Device Design: ASME V&V 40; Viceconti 2021

Clinical Trials, Testing, and Validation: 1ISO 14155; Declaration of Helsinki; Biodesign clinical strategy
chapters

Case Studies in Successful and Failed Medical Devices: Leveson and Turner 1993; Cohen 2012; Biodesign
case studies throughout

References reviewed: August 2026. Next review: August 2027.

Course 16: Medical Imaging

CORE TEXTS

Bushberg, J. T., Seibert, J. A,, Leidholdt, E. M., Boone, J. M., The Essential Physics of Medical Imaging,
Wolters Kluwer

Curry, T. S., Dowdey, J. E., Murry, R. C., Christensen's Physics of Diagnostic Radiology, Wolters Kluwer
Kalender, W. A., Computed Tomography, Wiley

Hsieh, J., Computed Tomography: Principles, Design, Artifacts, and Recent Advances, SPIE Press
Smith, N. B., Webb, A., Introduction to Medical Imaging, Cambridge University Press



Hoskins, P. R., Martin, K., Thrush, A., Diagnostic Ultrasound: Physics and Equipment, CRC Press
Cherry, S. R., Sorenson, J. A, Phelps, M. E., Physics in Nuclear Medicine, Elsevier
IAEA, Diagnostic Radiology Physics: A Handbook for Teachers and Students, IAEA (open access)

STANDARDS AND REGULATORY

IEC 60336, X-ray Tube Assemblies: Focal Spot Dimensions and Related Characteristics
IEC 60601-2-44 (CT) and IEC 60601-2-45 (mammography), modality safety standards
ICRP Publication 103

LANDMARK PAPERS

Rontgen, W. C., "On a new kind of rays," Nature, 1896
Coolidge, W. D., "A powerful Réntgen ray tube with a pure electron discharge,"” Physical Review, 1913
Compton, A. H., "A quantum theory of the scattering of X-rays by light elements," Physical Review, 1923

Hounsfield, G. N., "Computerized transverse axial scanning (tomography): Part 1," British Journal of
Radiology, 1973

Cormack, A. M., Journal of Applied Physics, 1963

Anger, H. O., "Scintillation camera," Review of Scientific Instruments, 1958

CURRENT REVIEWS

McCollough, C. H., et al., "Dual- and multi-energy CT," Radiology, 2015

Seibert, J. A., "X-ray imaging physics for nuclear medicine technologists. Part 1: Basic principles of X-ray
production," Journal of Nuclear Medicine Technology, 2004

CHAPTER ANCHORING

Introduction and Overview of Modalities: Smith and Webb; Bushberg ch. 1; Rontgen 1896
MRI, Ultrasound, Doppler Ultrasound overview: Smith and Webb; Hoskins; Doppler 1842
Nuclear Medicine, SPECT, PET, Combined Modalities: Cherry; Anger 1958

X-ray Production, Tubes, Generators, Bremsstrahlung and Characteristic Spectra: Curry; Bushberg X-ray
production chapter; Seibert 2004

X-ray Tubes, Cathode, Anode: Coolidge 1913; Curry tube chapters

Anode Configurations and Focal Spot Measurement: IEC 60336; Curry; Bushberg

Anode Angle, Heel Effect, Off-focal Radiation, Collimators: Bushberg; Curry

Filtration, Attenuation, Coefficients, HVL: Bushberg attenuation chapter; IAEA handbook; ICRP 103
Mammography and Focal Spot Considerations: IEC 60601-2-45; Bushberg mammography chapter
Tube Port, Filtration, Beam Quality, Magnification: Curry; Bushberg

CT System Designs, Concepts, Definitions: Kalender; Hsieh

CT Tubes, Filters, Collimation, Rayleigh and Compton Interactions: Compton 1923; Hsieh; Kalender
The Photoelectric Effect: Einstein 1905; Bushberg interactions chapter

Hounsfield Unit: Hounsfield 1973; Kalender

References reviewed: August 2026. Next review: August 2027.



Course 17: MRI Physics

CORE TEXTS

e McRobbie, D. W., Moore, E. A., Graves, M. J., Prince, M. R., MRI from Picture to Proton, Cambridge
University Press

e Elster, A. D., Burdette, J. H., Questions and Answers in Magnetic Resonance Imaging, Mosby

e Brown, R. W.,, Cheng, Y.-C. N., Haacke, E. M., Thompson, M. R., Venkatesan, R., Magnetic Resonance
Imaging: Physical Principles and Sequence Design, Wiley

e Bernstein, M. A, King, K. F., Zhou, X. J., Handbook of MRI Pulse Sequences, Elsevier

e Nishimura, D. G., Principles of Magnetic Resonance Imaging

STANDARDS AND REGULATORY
e |[EC 60601-2-33, Magnetic Resonance Equipment for Medical Diagnosis
e ACR Manual on MR Safety

e Kanal, E.,, et al., "ACR guidance document on MR safe practices: 2013," Journal of Magnetic Resonance

Imaging, 2013

LANDMARK PAPERS
e Rabi, I. I., et al., "A new method of measuring nuclear magnetic moment," Physical Review, 1938
e Bloch, F., "Nuclear induction," Physical Review, 1946

e Purcell, E. M., Torrey, H. C., Pound, R. V., "Resonance absorption by nuclear magnetic moments in a
solid," Physical Review, 1946

e Hahn, E. L., "Spin echoes," Physical Review, 1950
e Damadian, R., "Tumor detection by nuclear magnetic resonance," Science, 1971

e Lauterbur, P. C., "Image formation by induced local interactions," Nature, 1973

e Kumar, A., Welti, D., Ernst, R. R., "NMR Fourier zeugmatography," Journal of Magnetic Resonance, 1975

e Mansfield, P., "Multi-planar image formation using NMR spin echoes," Journal of Physics C, 1977

e Twieg, D. B., "The k-trajectory formulation of the NMR imaging process with applications in analysis and

synthesis of imaging methods," Medical Physics, 1983

e Ljunggren, S., "A simple graphical representation of Fourier-based imaging methods," Journal of
Magnetic Resonance, 1983

CURRENT REVIEWS

e Plewes, D. B., Kucharczyk, W., "Physics of MRI: a primer," Journal of Magnetic Resonance Imaging, 2012

e Pruessmann, K. P., et al., "SENSE: sensitivity encoding for fast MRI," Magnetic Resonance in Medicine,
1999

e Zaitsev, M., Maclaren, J., Herbst, M., "Motion artifacts in MRI: a complex problem with many partial
solutions," Journal of Magnetic Resonance Imaging, 2015

CHAPTER ANCHORING
e Magnets and Scanners: McRobbie hardware chapters; IEC 60601-2-33

Types of Magnets: McRobbie; Elster magnet entries

Homogeneity, Shimming: Brown et al.; Elster

Gradient Coils: Bernstein gradient chapters; IEC 60601-2-33 gradient output clauses
RF Coils, MR Site Planning: McRobbie; ACR Manual on MR Safety; Kanal 2013



The NMR Phenomenon, Spin, Precession: Rabi 1938; Bloch 1946; Purcell 1946
Resonance, Larmor Frequency, Flip Angle: Bloch 1946; McRobbie; Elster

Relaxation Physics, T1, T2: Damadian 1971; Brown et al. relaxation chapters

Pulse Sequences, Gradient Echo, TR and TE, Spin Echo: Hahn 1950; Bernstein; McRobbie
Image Contrast, Short and Long TR/TE: McRobbie contrast chapters; Elster

Inversion Recovery, Choice of IR Parameters: Bernstein IR chapters; Elster

Making an Image, Phase and Frequency, Fourier Transform: Lauterbur 1973; Kumar, Welti, Ernst 1975;
Nishimura

Frequency Encoding, Phase Encoding: Kumar, Welti, Ernst 1975; Nishimura
K-Space, Parts of K-Space: Twieg 1983; Ljunggren 1983; Nishimura

References reviewed: August 2026. Next review: August 2027.

Course 18: Rehabilitation Engineering

CORE TEXTS

Cooper, R. A., Ohnabe, H., Hobson, D. A. (eds.), An Introduction to Rehabilitation Engineering, CRC Press
Cifu, D. X. (ed.), Braddom's Physical Medicine and Rehabilitation, Elsevier

Winter, D. A., Biomechanics and Motor Control of Human Movement, Wiley

Perry, J., Burnfield, J. M., Gait Analysis: Normal and Pathological Function, Slack

Cook, A. M., Polgar, J. M., Assistive Technologies: Principles and Practice, Elsevier

Smith, D. G., Michael, J. W., Bowker, J. H. (eds.), Atlas of Amputations and Limb Deficiencies, AAOS

STANDARDS AND REGULATORY

ISO 7176 series, Wheelchairs

ISO 22523, External Limb Prostheses and External Orthoses

WHO, International Classification of Functioning, Disability and Health (ICF), 2001
WHO, Global Report on Assistive Technology, 2022

LANDMARK PAPERS

Liberson, W. T., et al., "Functional electrotherapy: stimulation of the peroneal nerve synchronized with
the swing phase of the gait of hemiplegic patients," Archives of Physical Medicine and Rehabilitation,
1961

Krebs, H. I., Hogan, N., Aisen, M. L., Volpe, B. T., "Robot-aided neurorehabilitation," IEEE Transactions on
Rehabilitation Engineering, 1998 (MIT-MANUS)

Colombo, G., Joerg, M., Schreier, R., Dietz, V., "Treadmill training of paraplegic patients using a robotic
orthosis," Journal of Rehabilitation Research and Development, 2000

Wilson, B. S., et al., "Better speech recognition with cochlear implants," Nature, 1991

Wolpaw, J. R, et al., "Brain-computer interfaces for communication and control,"” Clinical
Neurophysiology, 2002

Taub, E., et al., "Technique to improve chronic motor deficit after stroke," Archives of Physical Medicine
and Rehabilitation, 1993



CURRENT REVIEWS

Reinkensmeyer, D. J., Boninger, M. L., "Technologies and combination therapies for enhancing
movement training for people with a disability," Journal of NeuroEngineering and Rehabilitation, 2012

Esquenazi, A., et al., "The ReWalk powered exoskeleton to restore ambulatory function to individuals
with thoracic-level motor-complete spinal cord injury," American Journal of Physical Medicine and
Rehabilitation, 2012

Dobkin, B. H., "Strategies for stroke rehabilitation," The Lancet Neurology, 2004

Anderson, L., et al., "Exercise-based cardiac rehabilitation for coronary heart disease," Cochrane
Database of Systematic Reviews, 2016

Journal of NeuroEngineering and Rehabilitation (BMC), the field's standing open-access journal

CHAPTER ANCHORING

Introduction to Rehabilitation Engineering: Cooper ch. 1; WHO ICF framework

Assistive Technology Devices: Cook and Polgar; WHO Global Report 2022

Prosthetics and Orthotics: AAOS Atlas; ISO 22523

Rehabilitation Robotics: Krebs 1998; Colombo 2000; Esquenazi 2012; Reinkensmeyer 2012
Neuromuscular Rehabilitation Technologies: Liberson 1961; Cooper FES chapters

Sensory Rehabilitation Engineering: Wilson 1991; Cooper sensory chapters

Human-Machine Interfaces in Rehabilitation: Wolpaw 2002; Cooper HMI chapters

Biomechanics of Rehabilitation: Winter; Perry

Rehabilitation for Neurological Conditions: Dobkin 2004; Taub 1993; Braddom's neurological chapters

Rehabilitation for Musculoskeletal Disorders: Braddom's musculoskeletal chapters; Nordin and Frankel,
Basic Biomechanics of the Musculoskeletal System, Wolters Kluwer

Pediatric Rehabilitation Engineering: Braddom's pediatric chapters; Cook and Polgar pediatric AT
sections

Geriatric Rehabilitation Engineering: Braddom's geriatric chapters; WHO Global Report 2022
Outcome Measurement and Evaluation: WHO ICF, 2001; Braddom's outcomes chapters

Cardiovascular and Pulmonary Rehabilitation: Anderson, Cochrane 2016; Braddom's cardiopulmonary
chapters

References reviewed: August 2026. Next review: August 2027.

Course 19: Prosthetic Devices

CORE TEXTS

Webster, J. G. (ed.), Encyclopedia of Medical Devices and Instrumentation, Wiley

Kramme, R., Hoffmann, K.-P., Pozos, R. S. (eds.), Springer Handbook of Medical Technology, Springer
Ratner, B. D., et al. (eds.), Biomaterials Science, Elsevier

Daugirdas, J. T., Blake, P. G, Ing, T. S. (eds.), Handbook of Dialysis, Wolters Kluwer

ELSO, Extracorporeal Life Support: The ELSO Red Book, Extracorporeal Life Support Organization

Lanza, R, et al. (eds.), Principles of Tissue Engineering, Elsevier

STANDARDS AND REGULATORY

ISO 5840 series, Cardiovascular Implants: Cardiac Valve Prostheses



ISO 7198, Cardiovascular Implants: Vascular Prostheses

ISO 7199, Cardiovascular Implants and Artificial Organs: Blood-Gas Exchangers

ISO 8637 series, Extracorporeal Systems for Blood Purification
ISO 14708 series, Active Implantable Medical Devices

LANDMARK PAPERS
e DeVries, W. C., et al., "Clinical use of the total artificial heart," New England Journal of Medicine, 1984

e Rose, E. A, et al., "Long-term use of a left ventricular assist device for end-stage heart failure," New
England Journal of Medicine, 2001

e Starr, A, Edwards, M. L., "Mitral replacement: clinical experience with a ball-valve prosthesis," Annals of
Surgery, 1961

e Cribier, A., et al., "Percutaneous transcatheter implantation of an aortic valve prosthesis for calcific
aortic stenosis: first human case description," Circulation, 2002

e Voorhees, A. B., Jaretzki, A., Blakemore, A. H., "The use of tubes constructed from Vinyon 'N' cloth in
bridging arterial defects," Annals of Surgery, 1952

e Gibbon, J. H., "Application of a mechanical heart and lung apparatus to cardiac surgery," Minnesota
Medicine, 1954

e Hill, J. D, et al., "Prolonged extracorporeal oxygenation for acute post-traumatic respiratory failure,"
New England Journal of Medicine, 1972

e Kolff, W. J., Berk, H. T. J., "The artificial kidney: a dialyser with a great area," Acta Medica Scandinavica,
1944

e Popovich, R. P., Moncrief, J. W., et al., "Continuous ambulatory peritoneal dialysis," Annals of Internal
Medicine, 1978 (CAPD)

e Lundborg, G, et al., "Nerve regeneration in silicone chambers: influence of gap length and of distal
stump components," Experimental Neurology, 1982

e Burke, J. F., Yannas, I. V., et al., "Successful use of a physiologically acceptable artificial skin in the
treatment of extensive burn injury," Annals of Surgery, 1981

e Bell, E., et al., "Living tissue formed in vitro and accepted as skin-equivalent tissue of full thickness,"
Science, 1981

CURRENT REVIEWS

e Peek, G. J., et al., "Efficacy and economic assessment of conventional ventilatory support versus
extracorporeal membrane oxygenation for severe adult respiratory failure (CESAR)," The Lancet, 2009

e Bergenstal, R. M., et al., "Safety of a hybrid closed-loop insulin delivery system in patients with type 1
diabetes," JAMA, 2016

e Padmanabhan, A., et al., "Guidelines on the use of therapeutic apheresis in clinical practice," Journal of
Clinical Apheresis

e Natanson, C., et al., "Cell-free hemoglobin-based blood substitutes and risk of myocardial infarction and
death," JAMA, 2008

e Banares, R., et al., "Extracorporeal albumin dialysis with the molecular adsorbent recirculating system in
acute-on-chronic liver failure (RELIEF)," Hepatology, 2013
CHAPTER ANCHORING
o Artificial Heart and Circulatory Assist Devices: DeVries 1984; Rose 2001; Kramme cardiac assist chapters
e Cardiac Valve Prostheses: Starr and Edwards 1961; Cribier 2002; ISO 5840



Vascular Grafts: Voorhees 1952; ISO 7198; Ratner blood-contacting chapters

Artificial Lungs and Blood-Gas Exchange Devices: Gibbon 1954; Hill 1972; Peek 2009; 1ISO 7199; ELSO Red
Book

Artificial Kidney: Kolff 1944; 1SO 8637; Daugirdas

Peritoneal Dialysis Equipment: Popovich and Moncrief 1978; Daugirdas PD chapters
Therapeutic Apheresis and Blood Fractionation: ASFA guidelines; Webster apheresis entry
Liver Support Systems: Baiares 2013; Kramme extracorporeal chapters

Artificial Pancreas: Bergenstal 2016; Kramme diabetes technology chapters

Nerve Guidance Channels: Lundborg 1982; Lanza neural chapters

Artificial Blood: Natanson 2008; Ratner hemocompatibility chapters

Artificial Skin: Burke and Yannas 1981; Lanza skin chapters

Dermal Equivalents: Bell 1981; Lanza skin chapters

References reviewed: August 2026. Next review: August 2027.

Course 20: Neuroengineering

CORE TEXTS

Kandel, E. R,, et al., Principles of Neural Science, McGraw Hill
He, B. (ed.), Neural Engineering, Springer

Wolpaw, J. R., Wolpaw, E. W. (eds.), Brain-Computer Interfaces: Principles and Practice, Oxford
University Press

Plonsey, R., Barr, R. C., Bioelectricity: A Quantitative Approach, Springer

Dayan, P., Abbott, L. F., Theoretical Neuroscience: Computational and Mathematical Modeling of Neural
Systems, MIT Press

Purves, D., et al. (eds.), Neuroscience, Oxford University Press

STANDARDS AND REGULATORY

IEC 60601-2-10, Nerve and Muscle Stimulators
ISO 14708-3, Active Implantable Medical Devices: Implantable Neurostimulators

U.S. FDA, Implanted Brain-Computer Interface Devices for Patients with Paralysis or Amputation: Non-
clinical Testing and Clinical Considerations

LANDMARK PAPERS

Hodgkin, A. L., Huxley, A. F., "A quantitative description of membrane current and its application to
conduction and excitation in nerve," Journal of Physiology, 1952

Benabid, A. L., et al., "Long-term suppression of tremor by chronic stimulation of the ventral
intermediate thalamic nucleus," The Lancet, 1991

Wilson, B. S., et al., "Better speech recognition with cochlear implants," Nature, 1991

Hochberg, L. R., et al., "Neuronal ensemble control of prosthetic devices by a human with tetraplegia,”
Nature, 2006

Hochberg, L. R., et al., "Reach and grasp by people with tetraplegia using a neurally controlled robotic
arm," Nature, 2012



e Kuiken, T. A, et al., "Targeted muscle reinnervation for real-time myoelectric control of multifunction
artificial arms," JAMA, 2009

e Humayun, M. S, et al., "Interim results from the international trial of Second Sight's visual prosthesis,"
Ophthalmology, 2012

e Boyden, E. S., et al., "Millisecond-timescale, genetically targeted optical control of neural activity,"
Nature Neuroscience, 2005

e Ogawa, S., et al., "Brain magnetic resonance imaging with contrast dependent on blood oxygenation,"
PNAS, 1990

e Merzenich, M. M,, et al., "Somatosensory cortical map changes following digit amputation in adult
monkeys," Journal of Comparative Neurology, 1984

CURRENT REVIEWS

e Wolpaw, J. R,, et al., "Brain-computer interfaces for communication and control," Clinical
Neurophysiology, 2002

e Merrill, D. R., Bikson, M., Jefferys, J. G. R., "Electrical stimulation of excitable tissue: design of efficacious
and safe protocols," Journal of Neuroscience Methods, 2005

e Cogan, S. F., "Neural stimulation and recording electrodes," Annual Review of Biomedical Engineering,
2008

e Lebedev, M. A., Nicolelis, M. A. L., "Brain-machine interfaces: past, present and future," Trends in
Neurosciences, 2006

e Farina, D., et al., "The extraction of neural information from the surface EMG for the control of upper-
limb prostheses," IEEE Transactions on Neural Systems and Rehabilitation Engineering, 2014

e Roy, Y., et al., "Deep learning-based electroencephalography analysis: a systematic review," Journal of
Neural Engineering, 2019

e Schmidt, C. E., Leach, J. B., "Neural tissue engineering: strategies for repair and regeneration," Annual
Review of Biomedical Engineering, 2003

e Bandettini, P. A., "Twenty years of functional MRI: the science and the stories," Neurolmage, 2012

CHAPTER ANCHORING
¢ Introduction to Neuro-Engineering: He ch. 1; Kandel; Lebedev and Nicolelis 2006

e Neural Signal Processing: Berger 1929; Rangayyan, Biomedical Signal Analysis, Wiley-IEEE Press; Roy
2019

e Brain-Computer Interfaces: Wolpaw 2002; Hochberg 2006 and 2012; FDA BCI guidance

e Neural Implants and Prosthetics: Cogan 2008; ISO 14708-3; Hochberg 2012

¢ Neurostimulation Techniques: Benabid 1991; Merrill 2005; IEC 60601-2-10

e Neuroplasticity and Rehabilitation: Merzenich 1984; Kandel plasticity chapters

e Neuropharmacology and Neural Modulation: Kandel neuropharmacology chapters; Purves
e Neural Machine Interfaces: Kuiken 2009; Farina 2014

e Wearable Neurotechnologies: Roy 2019; He wearable sensing chapters

e Computational Neuroscience: Hodgkin and Huxley 1952; Dayan and Abbott

e Neural Interfaces for Sensory Systems: Wilson 1991; Humayun 2012

e Neural Tissue Engineering: Schmidt and Leach 2003; Lanza, Principles of Tissue Engineering, Elsevier,
neural chapters

o Artificial Intelligence in Neuro-Engineering: Roy 2019; Dayan and Abbott learning chapters



Neuro-Imaging Technologies: Ogawa 1990; Bandettini 2012; Berger 1929 for EEG lineage

References reviewed: August 2026. Next review: August 2027.

Course 21: Bionanotechnology

CORE TEXTS

Goodsell, D. S., Bionanotechnology: Lessons from Nature, Wiley

Niemeyer, C. M., Mirkin, C. A. (eds.), Nanobiotechnology: Concepts, Applications and Perspectives,
Wiley-VCH

Bhushan, B. (ed.), Springer Handbook of Nanotechnology, Springer
Jain, K. K., The Handbook of Nanomedicine, Springer

Cao, G., Wang, Y., Nanostructures and Nanomaterials: Synthesis, Properties, and Applications, World
Scientific

STANDARDS AND REGULATORY

U.S. FDA, Considering Whether an FDA-Regulated Product Involves the Application of Nanotechnology
ISO/TR 10993-22, Guidance on Nanomaterials
ISO 80004 series, Nanotechnologies: Vocabulary

U.S. FDA, Drug Products, Including Biological Products, that Contain Nanomaterials

LANDMARK PAPERS

Feynman, R. P., "There's plenty of room at the bottom," Engineering and Science, 1960
Rothemund, P. W. K., "Folding DNA to create nanoscale shapes and patterns,” Nature, 2006
Michalet, X., et al., "Quantum dots for live cells, in vivo imaging, and diagnostics," Science, 2005

Matsumura, Y., Maeda, H., "A new concept for macromolecular therapeutics in cancer chemotherapy:
mechanism of tumoritropic accumulation of proteins and the antitumor agent smancs," Cancer
Research, 1986

Barenholz, Y., "Doxil, the first FDA-approved nano-drug: lessons learned," Journal of Controlled Release,
2012

Mirkin, C. A., et al., "A DNA-based method for rationally assembling nanoparticles into macroscopic
materials," Nature, 1996

Whitesides, G. M., "The 'right' size in nanobiotechnology," Nature Biotechnology, 2003
Ferrari, M., "Cancer nanotechnology: opportunities and challenges," Nature Reviews Cancer, 2005

Polack, F. P., et al., "Safety and efficacy of the BNT162b2 mRNA Covid-19 vaccine," New England Journal
of Medicine, 2020

CURRENT REVIEWS

Peer, D., et al., "Nanocarriers as an emerging platform for cancer therapy," Nature Nanotechnology,
2007

Wilhelm, S., et al., "Analysis of nanoparticle delivery to tumours," Nature Reviews Materials, 2016

Mitchell, M. J., et al., "Engineering precision nanoparticles for drug delivery," Nature Reviews Drug
Discovery, 2021

Nel, A. E., et al., "Understanding biophysicochemical interactions at the nano-bio interface," Nature
Materials, 2009



e Hong, G., et al., "Carbon nanomaterials for biological imaging and nanomedicinal therapy," Chemical
Reviews, 2015

e Li, J, et al., "Micro/nanorobots for biomedicine: delivery, surgery, sensing, and detoxification," Science
Robotics, 2017

e Irvine, D. J., Dane, E. L., "Enhancing cancer immunotherapy with nanomedicine," Nature Reviews
Immunology, 2020

CHAPTER ANCHORING
¢ Introduction to Nanotechnology and Biological Systems: Feynman 1960; Goodsell; Whitesides 2003
e Types and Properties of Nanomaterials: Bhushan; Hong 2015; 1ISO 80004 vocabulary
e Synthesis and Characterization of Nanomaterials: Cao and Wang; Bhushan characterization chapters
e Nano-Bio Interfaces: Nel 2009; Niemeyer and Mirkin
¢ Nanotechnology in Drug Delivery: Matsumura and Maeda 1986; Barenholz 2012; Mitchell 2021
e Nanotechnology in Diagnostics: Michalet 2005; Mirkin 1996; Jain diagnostics chapters
e Nanomedicine and Therapeutics: Jain; Peer 2007

¢ Nanotechnology in Tissue Engineering: Bhushan; Lanza, Principles of Tissue Engineering, Elsevier,
nanoscale chapters

¢ Nanotechnology in Cancer Therapy: Ferrari 2005; Wilhelm 2016; Peer 2007

e Cardiovascular and Pulmonary Applications: Jain organ-system chapters; Mitchell 2021

e Nanorobotics in Medicine: Li 2017; Bhushan

e Nanotechnology in Neuroscience: Hong 2015; Jain neuro chapters

e Ethical, Regulatory, and Safety Aspects: FDA nanotechnology guidances; ISO/TR 10993-22
e Immune System Modulation and Vaccines: Irvine and Dane 2020; Polack 2020

References reviewed: August 2026. Next review: August 2027.

Course 22: Clinical Engineering

CORE TEXTS

e ladanza, E. (ed.), Clinical Engineering Handbook, Elsevier

Dyro, J. F. (ed.), Clinical Engineering Handbook, Academic Press

Webster, J. G. (ed.), Medical Instrumentation: Application and Design, Wiley

Bronzino, J. D. (ed.), Management of Medical Technology: A Primer for Clinical Engineers, Butterworth-
Heinemann

Wang, B., Medical Equipment Maintenance: Management and Oversight, Morgan and Claypool

STANDARDS AND REGULATORY

e EU Regulation 2017/745 (MDR) and the CE marking framework

e |[EC 60601-1, general safety and essential performance



IEC 62353, Recurrent Test and Test After Repair of Medical Electrical Equipment

ISO 14971, Application of Risk Management to Medical Devices

NFPA 99, Health Care Facilities Code

ANSI/AAMI EQ56, Recommended Practice for a Medical Equipment Management Program

Joint Commission International (JCI), Accreditation Standards for Hospitals, Facility Management and
Safety chapter
JCGM 100 (GUM), Evaluation of Measurement Data: Guide to the Expression of Uncertainty in

Measurement (open access)

U.S. FDA, 21 CFR Part 7 (recalls) and Part 803

LANDMARK PAPERS AND GUIDANCE

Kohn, L. T., Corrigan, J. M., Donaldson, M. S. (eds.), To Err Is Human: Building a Safer Health System,
Institute of Medicine, 2000

Fennigkoh, L., Smith, B., "Clinical equipment management," JCAHO Plant, Technology and Safety
Management Series, 1989
Wang, B., et al., "Evidence-based maintenance: part |, measuring maintenance effectiveness with failure

codes," Journal of Clinical Engineering, 2010

WHO Medical Devices Technical Series: Medical Equipment Maintenance Programme Overview;
Introduction to Medical Equipment Inventory Management; Health Technology Assessment of Medical
Devices; Human Resources for Medical Devices, 2017

CURRENT REVIEWS

Jamshidi, A., et al., "A comprehensive fuzzy risk-based maintenance framework for prioritization of
medical devices," Applied Soft Computing, 2015
ECRI, Top 10 Health Technology Hazards

Bates, D. W., Singh, H., "Two decades since To Err Is Human: an assessment of progress and emerging
priorities in patient safety," Health Affairs, 2018

CHAPTER ANCHORING

Medical Device Directives and CE Marking: EU MDR 2017/745; ladanza regulatory chapters
Medical Device Reliability and Safety: IEC 60601-1; Fries, Reliable Design of Medical Devices, CRC Press

Acquiring New Technologies and Life Cycle Cost Analysis: Bronzino, Management of Medical Technology;
WHO Health Technology Assessment

Clinical Equipment Management and Instrumentation Programs: AAMI EQ56; ladanza program chapters

Health Devices IPM System: Fennigkoh and Smith 1989; Wang 2010; WHO Maintenance Programme
Overview

Safety and Performance of Medical Devices: IEC 60601-1; IEC 62353
Uncertainty of Measurements: JCGM 100 (GUM); ladanza metrology chapters

Quality Improvement and Clinical Engineering Programs: ladanza quality chapters; Wang, Medical
Equipment Maintenance

Standards for Clinical Engineering: IEC 62353; NFPA 99; AAMI EQ56

Adverse Events and Medical Device Recalls: 21 CFR Parts 7 and 803; ECRI hazards series

Codes and Standards and Safety Protocols: NFPA 99; IEC 60601-1

JCI Standards and Risk Management: JCI Facility Management and Safety standards; 1ISO 14971
Patient Safety: To Err Is Human, 2000; Bates and Singh 2018



e Medical Device Risk Management: ISO 14971; Jamshidi 2015

References reviewed: August 2026. Next review: August 2027.



Part 2: Device Library

Device 1: Surgical Robots

REFERENCES

Rosen, J., Hannaford, B., Satava, R. M. (eds.), Surgical Robotics: Systems, Applications and Visions,
Springer

Siciliano, B., Khatib, O. (eds.), Springer Handbook of Robotics, Springer

Kramme, R., Hoffmann, K.-P., Pozos, R. S. (eds.), Springer Handbook of Medical Technology, Springer
IEC 80601-2-77, Particular Requirements for Robotically Assisted Surgical Equipment

IEC 60601-1, Medical Electrical Equipment: General Requirements for Basic Safety and Essential
Performance

IEC 62353, Recurrent Test and Test After Repair of Medical Electrical Equipment
ISO 14971, Application of Risk Management to Medical Devices

Kwoh, Y. S., et al., "A robot with improved absolute positioning accuracy for CT guided stereotactic brain
surgery," IEEE Transactions on Biomedical Engineering, 1988

Marescaux, J., et al., "Transatlantic robot-assisted telesurgery," Nature, 2001

Ballantyne, G. H., Moll, F., "The da Vinci telerobotic surgical system," Surgical Clinics of North America,
2003

Alemzadeh, H., et al., "Adverse events in robotic surgery: a retrospective study of 14 years of FDA data,"
PLoS ONE, 2016

Sheetz, K. H., Claflin, J., Dimick, J. B., "Trends in the adoption of robotic surgery for common surgical
procedures," JAMA Network Open, 2020

Peters, B. S., et al., "Review of emerging surgical robotic technology," Surgical Endoscopy, 2018

WHO, Health Technology Assessment of Medical Devices, WHO Medical Devices Technical Series (open
access)

References reviewed: August 2026. Next review: August 2027.

Device 2: Magnetic Resonance Imaging (MRI)

REFERENCES

McRobbie, D. W., Moore, E. A., Graves, M. J., Prince, M. R., MRI from Picture to Proton, Cambridge
University Press

Brown, R. W., Cheng, Y.-C. N., Haacke, E. M., Thompson, M. R., Venkatesan, R., Magnetic Resonance
Imaging: Physical Principles and Sequence Design, Wiley

Bernstein, M. A., King, K. F., Zhou, X. J., Handbook of MRI Pulse Sequences, Elsevier

Elster, A. D., Burdette, J. H., Questions and Answers in Magnetic Resonance Imaging, Mosby

IEC 60601-2-33, Particular Requirements for Magnetic Resonance Equipment for Medical Diagnosis
IEC 62353, Recurrent Test and Test After Repair of Medical Electrical Equipment

ACR Manual on MR Safety (current edition)



Kanal, E., et al., "ACR guidance document on MR safe practices: 2013," Journal of Magnetic Resonance
Imaging, 2013

Bloch, F., "Nuclear induction," Physical Review, 1946

Purcell, E. M., Torrey, H. C., Pound, R. V., "Resonance absorption by nuclear magnetic moments in a
solid," Physical Review, 1946

Hahn, E. L., "Spin echoes," Physical Review, 1950

Lauterbur, P. C., "Image formation by induced local interactions: examples employing nuclear magnetic
resonance," Nature, 1973

Mansfield, P., "Multi-planar image formation using NMR spin echoes," Journal of Physics C, 1977
AAPM Report 100, Acceptance Testing and Quality Assurance Procedures for Magnetic Resonance
Imaging Facilities

ACR Appropriateness Criteria

WHO, Health Technology Assessment of Medical Devices, WHO Medical Devices Technical Series (open
access)

Lustig, M., Donoho, D., Pauly, J. M., "Sparse MRI: the application of compressed sensing for rapid MR
imaging," Magnetic Resonance in Medicine, 2007

Lundervold, A. S., Lundervold, A., "An overview of deep learning in medical imaging focusing on MRI,"
Zeitschrift fiir Medizinische Physik, 2019

References reviewed: August 2026. Next review: August 2027.

Device 3: PET Scanner

REFERENCES

Cherry, S. R., Sorenson, J. A., Phelps, M. E., Physics in Nuclear Medicine, Elsevier

Bailey, D. L., Townsend, D. W., Valk, P. E., Maisey, M. N. (eds.), Positron Emission Tomography: Basic
Sciences, Springer

IAEA, Nuclear Medicine Physics: A Handbook for Teachers and Students, IAEA (open access)
NEMA NU 2, Performance Measurements of Positron Emission Tomographs

IEC 62353, Recurrent Test and Test After Repair of Medical Electrical Equipment

IAEA SSG-46, Radiation Protection and Safety in Medical Uses of lonizing Radiation

ICRP Publication 103, The 2007 Recommendations of the ICRP

Ter-Pogossian, M. M., Phelps, M. E., Hoffman, E. J., Mullani, N. A., "A positron-emission transaxial
tomograph for nuclear imaging (PETT)," Radiology, 1975

Reivich, M., et al., "The [18F]fluorodeoxyglucose method for the measurement of local cerebral glucose
utilization in man," Circulation Research, 1979

Beyer, T., et al., "A combined PET/CT scanner for clinical oncology," Journal of Nuclear Medicine, 2000
IAEA, Quality Assurance for PET and PET/CT Systems, IAEA Human Health Series No. 1 (open access)
ACR Appropriateness Criteria

Phelps, M. E., "Positron emission tomography provides molecular imaging of biological processes,"
PNAS, 2000

Vandenberghe, S., et al., "State of the art in total body PET," EJNMMI Physics, 2020

References reviewed: August 2026. Next review: August 2027.



Device 4: Computed Tomography (CT)

REFERENCES

Kalender, W. A., Computed Tomography: Fundamentals, System Technology, Image Quality,
Applications, Wiley

Hsieh, J., Computed Tomography: Principles, Design, Artifacts, and Recent Advances, SPIE Press

Bushberg, J. T., Seibert, J. A,, Leidholdt, E. M., Boone, J. M., The Essential Physics of Medical Imaging,
Wolters Kluwer

IAEA, Diagnostic Radiology Physics: A Handbook for Teachers and Students, IAEA (open access)
IEC 60601-2-44, Particular Requirements for X-ray Equipment for Computed Tomography

IEC 62353, Recurrent Test and Test After Repair of Medical Electrical Equipment

ICRP Publication 103, The 2007 Recommendations of the ICRP

Cormack, A. M., "Representation of a function by its line integrals, with some radiological applications,
Journal of Applied Physics, 1963

Hounsfield, G. N., "Computerized transverse axial scanning (tomography): Part 1. Description of system,"
British Journal of Radiology, 1973

Ambrose, J., "Computerized transverse axial scanning (tomography): Part 2. Clinical application," British
Journal of Radiology, 1973

Feldkamp, L. A., Davis, L. C., Kress, J. W., "Practical cone-beam algorithm," Journal of the Optical Society
of America A, 1984

AAPM Report 96, The Measurement, Reporting, and Management of Radiation Dose in CT
ACR Appropriateness Criteria

Brenner, D. J., Hall, E. J., "Computed tomography: an increasing source of radiation exposure," New
England Journal of Medicine, 2007

WHO, Health Technology Assessment of Medical Devices, WHO Medical Devices Technical Series (open
access)

McCollough, C. H., et al., "Dual- and multi-energy CT: principles, technical approaches, and clinical

applications," Radiology, 2015

Willemink, M. J., Noél, P. B., "The evolution of image reconstruction for CT: from filtered back projection
to artificial intelligence," European Radiology, 2019

References reviewed: August 2026. Next review: August 2027.

Device 5: SPECT Scanner

REFERENCES

Cherry, S. R., Sorenson, J. A, Phelps, M. E., Physics in Nuclear Medicine, Elsevier

IAEA, Nuclear Medicine Physics: A Handbook for Teachers and Students, IAEA (open access)
Bushberg, J. T., et al., The Essential Physics of Medical Imaging, Wolters Kluwer

NEMA NU 1, Performance Measurements of Gamma Cameras

IEC 62353, Recurrent Test and Test After Repair of Medical Electrical Equipment



IAEA SSG-46, Radiation Protection and Safety in Medical Uses of lonizing Radiation
ICRP Publication 103, The 2007 Recommendations of the ICRP

Anger, H. O., "Scintillation camera," Review of Scientific Instruments, 1958

Kuhl, D. E., Edwards, R. Q., "Image separation radioisotope scanning," Radiology, 1963

Jaszczak, R. J., Coleman, R. E., Lim, C. B., "SPECT: single photon emission computed tomography," IEEE
Transactions on Nuclear Science, 1980

IAEA, Quality Assurance for SPECT Systems, IAEA Human Health Series No. 6 (open access)

ACR Appropriateness Criteria

Ritt, P., et al., "Absolute quantification in SPECT," European Journal of Nuclear Medicine and Molecular
Imaging, 2011

Van den Wyngaert, T., et al., "SPECT/CT: standing on the shoulders of giants, it is time to reach for the
sky!," Journal of Nuclear Medicine, 2020

References reviewed: August 2026. Next review: August 2027.

Device 6: Positron Emission Mammography (PEM)
Scanner

REFERENCES

Cherry, S. R., Sorenson, J. A., Phelps, M. E., Physics in Nuclear Medicine, Elsevier

Bailey, D. L., et al. (eds.), Positron Emission Tomography: Basic Sciences, Springer

IAEA, Nuclear Medicine Physics: A Handbook for Teachers and Students, IAEA (open access)
NEMA NU 4 and NU 2 performance-measurement framework

IEC 62353, Recurrent Test and Test After Repair of Medical Electrical Equipment

IAEA SSG-46, Radiation Protection and Safety in Medical Uses of lonizing Radiation

ICRP Publication 103, The 2007 Recommendations of the ICRP

Thompson, C. J., Murthy, K., Weinberg, I. N., Mako, F., "Feasibility study for positron emission
mammography," Medical Physics, 1994

Weinberg, I. N., et al., "Preliminary results with a positron emission mammography system," European
Journal of Nuclear Medicine, 1996

Berg, W. A., et al., "High-resolution fluorodeoxyglucose positron emission tomography with compression
('positron emission mammography') is highly accurate in depicting primary breast cancer," The Breast
Journal, 2006

ACR Appropriateness Criteria, breast imaging modules
Fowler, A. M., "A molecular approach to breast imaging," Journal of Nuclear Medicine, 2014

Satoh, Y., et al., "Diagnostic performance of dedicated breast PET," Annals of Nuclear Medicine, 2021

References reviewed: August 2026. Next review: August 2027.



Device 7: Cardiopulmonary Bypass Machine

REFERENCES

Gravlee, G. P., Davis, R. F., Hammon, J. W., Kussman, B. (eds.), Cardiopulmonary Bypass and Mechanical
Support: Principles and Practice, Wolters Kluwer

Kramme, R., et al. (eds.), Springer Handbook of Medical Technology, Springer

Webster, J. G. (ed.), Encyclopedia of Medical Devices and Instrumentation, Wiley

ISO 7199, Cardiovascular Implants and Artificial Organs: Blood-Gas Exchangers

ISO 18242, Cardiovascular Implants and Extracorporeal Systems: Centrifugal Blood Pumps
IEC 60601-1 and IEC 62353

ISO 14971, Application of Risk Management to Medical Devices

Gibbon, J. H., "Application of a mechanical heart and lung apparatus to cardiac surgery," Minnesota
Medicine, 1954

Kirklin, J. W, et al., "Intracardiac surgery with the aid of a mechanical pump-oxygenator system (Gibbon
type): report of eight cases," Proceedings of the Staff Meetings of the Mayo Clinic, 1955

Murphy, G. S., et al., "Optimal perfusion during cardiopulmonary bypass: an evidence-based approach,"
Anesthesia and Analgesia, 2009

Engelman, R., et al., "The Society of Thoracic Surgeons, the Society of Cardiovascular Anesthesiologists,
and the American Society of ExtraCorporeal Technology: clinical practice guidelines for cardiopulmonary
bypass," Annals of Thoracic Surgery, 2015

Sarkar, M., Prabhu, V., "Basics of cardiopulmonary bypass," Indian Journal of Anaesthesia, 2017

WHO, Health Technology Assessment of Medical Devices, WHO Medical Devices Technical Series (open
access)

References reviewed: August 2026. Next review: August 2027.

Device 8: ECMO (Extracorporeal Membrane
Oxygenation)

REFERENCES

Brogan, T. V., Lequier, L., Lorusso, R., Maclaren, G., Peek, G. (eds.), Extracorporeal Life Support: The
ELSO Red Book, Extracorporeal Life Support Organization

Gravlee, G. P., et al. (eds.), Cardiopulmonary Bypass and Mechanical Support, Wolters Kluwer
ELSO Guidelines for Cardiopulmonary Extracorporeal Life Support

ISO 7199, Blood-Gas Exchangers

ISO 18242, Centrifugal Blood Pumps

IEC 60601-1 and IEC 62353

Hill, J. D., et al., "Prolonged extracorporeal oxygenation for acute post-traumatic respiratory failure
(shock-lung syndrome): use of the Bramson membrane lung," New England Journal of Medicine, 1972

Bartlett, R. H., et al., "Extracorporeal membrane oxygenation (ECMO) cardiopulmonary support in
infancy," Transactions of the American Society for Artificial Internal Organs, 1976
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Dermatology, 2008
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Device 52: Electrosurgical Unit
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Anesthesiology, 2013
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Device 53: Surgical Stapler

REFERENCES

Steichen, F. M., Ravitch, M. M., Stapling in Surgery, Year Book Medical Publishers
Webster, J. G. (ed.), Encyclopedia of Medical Devices and Instrumentation, Wiley
U.S. FDA, Final Order: Reclassification of Surgical Staplers for Internal Use, 2021
ISO 14971, Application of Risk Management to Medical Devices

ANSI/AAMI ST79 framework



e Gaidry, A. D., et al., "The history of surgical staplers: a combination of Hungarian, Russian, and American
innovation," Seminars in Thoracic and Cardiovascular Surgery, 2019

e Ravitch, M. M., Steichen, F. M., "A stapling instrument for end-to-end inverting anastomoses in the
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Device 54: Pulse Oximeter
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Device 55: Spirometer
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Batch 12, full standard.

Device 56: Blood Pressure Monitor
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Device 57: Glucometer
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Device 58: Infusion Pumps
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Device 59: Phototherapy Unit
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Device 60: Nebulizer
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Device 61: Laryngoscope
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Device 62: Ophthalmoscope
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Device 63: Otoscope
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Device 64: Dermatoscope
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Device 65: Stethoscope
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Cardiology commentary literature, 2019 onward
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Device 66: Thermometer

REFERENCES
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Device 67: Centrifuge

REFERENCES
e Burtis, C. A, Bruns, D. E., Tietz Fundamentals of Clinical Chemistry and Molecular Diagnostics, Elsevier
e Graham, J. M., Biological Centrifugation, BIOS Scientific Publishers
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proteins," Journal of the American Chemical Society, 1926

e Pickels, E. G., "High-speed centrifugation," in Colloid Chemistry, 1944, and the documented Pickels-
Beckman lineage of the preparative laboratory centrifuge

e Cohn, E. J., et al., "Preparation and properties of serum and plasma proteins. IV. A system for the
separation into fractions of the protein and lipoprotein components of biological tissues and fluids,"
Journal of the American Chemical Society, 1946
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Device 68: Auditory Amplifiers (Hearing Aids)

REFERENCES
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Lybarger, S. F., "Development of a new hearing aid with magnetic microphone," Electrical
Manufacturing, 1947, and the documented Lybarger half-gain lineage of fitting science

Villchur, E., "Signal processing to improve speech intelligibility in perceptive deafness," Journal of the
Acoustical Society of America, 1973

Byrne, D., Dillon, H., "The National Acoustic Laboratories' (NAL) new procedure for selecting the gain and
frequency response of a hearing aid," Ear and Hearing, 1986

Kochkin, S., "MarkeTrak VIII: consumer satisfaction with hearing aids is slowly increasing," Hearing
Journal, 2010

Lin, F. R., et al., "Hearing loss and cognition in the Baltimore Longitudinal Study of Aging,"
Neuropsychology, 2011, with Livingston, G., et al., "Dementia prevention, intervention, and care: 2020

report of the Lancet Commission," The Lancet, 2020

Chien, W,, Lin, F. R., "Prevalence of hearing aid use among older adults in the United States," Archives of
Internal Medicine, 2012
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Device 69: TENS (Transcutaneous Electrical Nerve
Stimulation)
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Krames, E. S., Peckham, P. H., Rezai, A. R. (eds.), Neuromodulation: Comprehensive Textbook, Academic
Press

Robertson, V., Ward, A., Low, J., Reed, A., Electrotherapy Explained: Principles and Practice, Elsevier
IEC 60601-2-10, Particular Requirements for Nerve and Muscle Stimulators

IEC 62353, Recurrent Test and Test After Repair of Medical Electrical Equipment

ISO 14971, Application of Risk Management to Medical Devices



e Melzack, R., Wall, P. D., "Pain mechanisms: a new theory," Science, 1965
e Wall, P. D., Sweet, W. H., "Temporary abolition of pain in man," Science, 1967

e Shealy, C. N., Mortimer, J. T., Reswick, J. B., "Electrical inhibition of pain by stimulation of the dorsal
columns," Anesthesia and Analgesia, 1967

e Sluka, K. A., Walsh, D., "Transcutaneous electrical nerve stimulation: basic science mechanisms and
clinical effectiveness," Journal of Pain, 2003

¢ Johnson, M. I., et al., "Efficacy and safety of transcutaneous electrical nerve stimulation (TENS) for acute
and chronic pain in adults: a systematic review and meta-analysis of 381 studies (the meta-TENS study),"
BMJ Open, 2022

e Gibson, W,, et al., "Transcutaneous electrical nerve stimulation (TENS) for chronic pain: an overview of
Cochrane Reviews," Cochrane Database of Systematic Reviews, 2019
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Part 3: Expand Your Expertise Courses

Expand Your Expertise, Course 1: Finance for
Biomedical Engineers

CORE TEXTS
e Brealey, R. A, Myers, S. C., Allen, F., Principles of Corporate Finance, McGraw Hill
e Berk, J., DeMarzo, P., Corporate Finance, Pearson
e Higgins, R. C., Analysis for Financial Management, McGraw Hill

e Gapenski, L. C., Reiter, K. L., Healthcare Finance: An Introduction to Accounting and Financial
Management, Health Administration Press

e Damodaran, A., Investment Valuation: Tools and Techniques for Determining the Value of Any Asset,
Wiley

e Koller, T., Goedhart, M., Wessels, D., Valuation: Measuring and Managing the Value of Companies,
McKinsey and Company / Wiley

e Feld, B., Mendelson, J., Venture Deals: Be Smarter Than Your Lawyer and Venture Capitalist, Wiley
e Metrick, A., Yasuda, A., Venture Capital and the Finance of Innovation, Wiley

e Eiteman, D. K., Stonehill, A. I., Moffett, M. H., Multinational Business Finance, Pearson

e Bruner, R. F., Applied Mergers and Acquisitions, Wiley

e Yock, P., Zenios, S., Makower, J., et al., Biodesign: The Process of Innovating Medical Technologies,
Cambridge University Press

LANDMARK PAPERS

e Modigliani, F., Miller, M. H., "The cost of capital, corporation finance and the theory of investment,"
American Economic Review, 1958

e Markowitz, H., "Portfolio selection," Journal of Finance, 1952

e Sharpe, W. F., "Capital asset prices: a theory of market equilibrium under conditions of risk," Journal of
Finance, 1964

e Jensen, M. C., Meckling, W. H., "Theory of the firm: managerial behavior, agency costs and ownership
structure," Journal of Financial Economics, 1976

e Graham, J. R,, Harvey, C. R., "The theory and practice of corporate finance: evidence from the field,"
Journal of Financial Economics, 2001

SECTOR AND APPLIED SOURCES
e Kaplan, R. S., Porter, M. E., "How to solve the cost crisis in health care," Harvard Business Review, 2011
e Kaplan, R. S., Anderson, S. R., "Time-driven activity-based costing," Harvard Business Review, 2004
e Makower, J., Meer, A., Denend, L., FDA Impact on U.S. Medical Technology Innovation, 2010

e Pietzsch, J. B, et al., "Stage-gate process for the development of medical devices," Journal of Medical
Devices, 2009

e Gompers, P., Gornall, W., Kaplan, S. N., Strebulaev, I. A., "How do venture capitalists make decisions?,"
Journal of Financial Economics, 2020



CHAPTER ANCHORING

Introduction to Financial Concepts in Biomedical Engineering: Higgins; Brealey introductory chapters;
Gapenskich. 1

Advanced Budgeting and Forecasting for Biomedical Engineering Projects: Gapenski budgeting chapters;
Higgins forecasting chapters; Pietzsch 2009

Financial Analysis and Investment Techniques: Brealey NPV and capital budgeting chapters; Damodaran;
Sharpe 1964

Financial Strategy for Biomedical Startups and Growth Management: Feld and Mendelson; Metrick and
Yasuda; Biodesign financing chapters; Gompers 2020

Advanced Cost Control and Efficiency: Kaplan and Porter 2011; Kaplan and Anderson 2004; Gapenski
cost chapters

Financial Decision-Making for Biomedical Engineers: Graham and Harvey 2001; Higgins; Brealey decision
chapters

Financing Biomedical Companies in Global Markets: Eiteman, Stonehill, Moffett; Makower 2010

Financial Risk Management in Biomedical Engineering: Markowitz 1952; Brealey risk chapters; ISO 14971
as the engineering-risk counterpart the course bridges from

Strategic Financial Leadership: Jensen and Meckling 1976; Koller; Higgins

Mergers, Acquisitions, and Financial Growth Strategies: Bruner; Koller valuation chapters; Modigliani and
Miller 1958

References reviewed: August 2026. Next review: August 2027.

Expand Your Expertise, Course 2: The Medical Device
Import/Export Blueprint

CORE TEXTS AND INSTITUTIONAL REFERENCES

Ramakrishna, S., et al., Medical Devices: Regulations, Standards and Practices, Woodhead Publishing /
Elsevier

ladanza, E. (ed.), Clinical Engineering Handbook, Elsevier

WTO, Trade in Medical Goods in the Context of Tackling COVID-19, World Trade Organization, 2020
(open access)

World Customs Organization, HS Nomenclature
WHO, Global Atlas of Medical Devices, WHO (open access)

WHO Medical Devices Technical Series: Health Technology Assessment, Procurement, and Donation of
Medical Devices volumes (open access)

International Chamber of Commerce, Incoterms 2020, ICC Publication

REGULATORY FRAMEWORKS

EU Regulation 2017/745 (MDR) and the CE marking framework

U.S. FDA, 21 CFR Part 807 (establishment registration and device listing) and Importing Medical Devices
into the United States guidance

IMDREF (International Medical Device Regulators Forum) documents, including the predecessor GHTF
framework

ISO 13485, Quality Management Systems for Medical Devices



MDSAP, Medical Device Single Audit Program

LANDMARK AND APPLIED SOURCES

Ricardo, D., On the Principles of Political Economy and Taxation, John Murray, 1817
Porter, M. E., "The competitive advantage of nations," Harvard Business Review, 1990

Hofstede, G., Culture's Consequences: Comparing Values, Behaviors, Institutions and Organizations
Across Nations, Sage

Meyer, E., The Culture Map: Breaking Through the Invisible Boundaries of Global Business, PublicAffairs
Christopher, M., Logistics and Supply Chain Management, Pearson
ISO 14971 and I1SO 31000, Risk Management

OECD, Trade in Counterfeit Pharmaceuticals and Medical Devices reporting (open access)

CHAPTER ANCHORING

Introduction to the Medical Device Industry: WHO Global Atlas; Ramakrishna; WTO 2020 trade mapping

Regulatory Affairs in the Medical Device Industry: EU MDR; 21 CFR 807; IMDRF/GHTF framework; ISO
13485

Importing Medical Devices: FDA importing guidance; WCO HS classification; national registration
frameworks per destination market
Exporting Medical Devices: CE marking pathway; MDSAP; ISO 13485 certification

Understanding Trade Agreements and Policies: Ricardo 1817; WTO framework and the 2020 medical-
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Part 4: BMEssentials
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Part 5: BMEssence Guides

Section 1 of 5: RESOLVE Troubleshooting Series (69
manuals)

Each RESOLVE manual inherits the complete reference block of its device in the Device Library: the device's own
particular standard, founding papers, quality-control sources, and clinical-use standards. The references below
govern the troubleshooting methodology, maintenance science, failure analysis, and safety framework shared
across all 69 manuals. Together, the two layers back every manual in the series.

STANDARDS AND REGULATORY FRAMEWORK

e |EC 62353, Medical Electrical Equipment: Recurrent Test and Test After Repair of Medical Electrical
Equipment

e |[EC 60601-1, Medical Electrical Equipment: General Requirements for Basic Safety and Essential
Performance

e |EC 60601-1-8, Alarm Systems in Medical Electrical Equipment and Medical Electrical Systems
e |[EC 60601-1-2, Electromagnetic Disturbances: Requirements and Tests

e |[EC 60601-1-6 and IEC 62366-1, Usability Engineering for Medical Devices

e |SO 14971, Application of Risk Management to Medical Devices, with ISO/TR 24971 guidance
e [SO 13485, Quality Management Systems for Medical Devices

e |[EC 60812, Failure Modes and Effects Analysis

e |[EC 61025, Fault Tree Analysis

e |EC 80001-1, Application of Risk Management for IT-Networks Incorporating Medical Devices
e ANSI/AAMI EQ56, Recommended Practice for a Medical Equipment Management Program

e ANSI/AAMI EQ89, Guidance for the Use of Medical Equipment Maintenance Strategies and Procedures
e NFPA 99, Health Care Facilities Code

e U.S. FDA, 21 CFR Part 803, Medical Device Reporting, and the MAUDE adverse-event database

¢ Joint Commission, Environment of Care standards, medical equipment management

CORE TEXTS
e ladanza, E. (ed.), Clinical Engineering Handbook, Elsevier
e Dyro, J. F. (ed.), Clinical Engineering Handbook, Academic Press
e Carr, J. )., Brown, J. M., Introduction to Biomedical Equipment Technology, Pearson
e Khandpur, R. S., Handbook of Biomedical Instrumentation, McGraw Hill
e Webster, J. G. (ed.), Medical Instrumentation: Application and Design, Wiley
e Wang, B., Medical Equipment Maintenance: Management and Oversight, Morgan and Claypool
e Fries, R. C., Reliable Design of Medical Devices, CRC Press
e O'Connor, P.D. T., Kleyner, A., Practical Reliability Engineering, Wiley
e Moubray, J., Reliability-Centered Maintenance, Industrial Press
e Reason, J., Human Error, Cambridge University Press

e Dekker, S., The Field Guide to Understanding 'Human Error', CRC Press



LA
°

Leveson, N. G., Engineering a Safer World: Systems Thinking Applied to Safety, MIT Press
Vincent, C., Patient Safety, Wiley-Blackwell

NDMARK PAPERS AND GUIDANCE
Nowlan, F. S., Heap, H. F., Reliability-Centered Maintenance, U.S. Department of Defense report, 1978

Fennigkoh, L., Smith, B., "Clinical equipment management," JCAHO Plant, Technology and Safety
Management Series, 1989

Ridgway, M., "Classifying medical devices according to their maintenance sensitivity: a practical, risk-
based approach to PM program management," Biomedical Instrumentation and Technology, 2009

Wang, B., et al., "Evidence-based maintenance: part I, measuring maintenance effectiveness with failure
codes," Journal of Clinical Engineering, 2010

Wang, B., et al., "Evidence-based maintenance: part Il, comparing maintenance strategies using failure
codes," Journal of Clinical Engineering, 2010

Jamshidi, A., et al., "A comprehensive fuzzy risk-based maintenance framework for prioritization of
medical devices," Applied Soft Computing, 2015

Reason, J., "Human error: models and management," BMJ, 2000

Rasmussen, J., "Skills, rules, and knowledge; signals, signs, and symbols, and other distinctions in human
performance models," IEEE Transactions on Systems, Man, and Cybernetics, 1983

Leveson, N. G., Turner, C. S., "An investigation of the Therac-25 accidents," IEEE Computer, 1993
Sendelbach, S., Funk, M., "Alarm fatigue: a patient safety concern," AACN Advanced Critical Care, 2013

Cooper, J. B., Newbower, R. S., Long, C. D., McPeek, B., "Preventable anesthesia mishaps: a study of
human factors," Anesthesiology, 1978

Kohn, L. T., Corrigan, J. M., Donaldson, M. S. (eds.), To Err Is Human: Building a Safer Health System,
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WHO, Medical Equipment Maintenance Programme Overview, WHO Medical Devices Technical Series,
2011 (open access)

WHO, Computerized Maintenance Management System, WHO Medical Devices Technical Series, 2011
(open access)

WHO, Introduction to Medical Equipment Inventory Management, WHO Medical Devices Technical
Series, 2011 (open access)

ECRI, Top 10 Health Technology Hazards (annual series) and Health Devices evaluations

AAMI Foundation, Clinical Alarms 2011 Summit report
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Section 2 of 5: Device Intelligence Series (69 guides)

Each Device Intelligence guide inherits the complete reference block of its device in the Device Library: the
device's own particular standard, founding papers, quality-control sources, clinical-use standards, and recency
anchors. The references below govern the shared foundations of the series: the engineering, physics, physiology,
clinical, regulatory, and economic frameworks through which every device is analyzed. Together, the two layers
back every guide in the series.



STANDARDS AND REGULATORY FRAMEWORK

IEC 60601-1, Medical Electrical Equipment: General Requirements for Basic Safety and Essential
Performance

IEC 60601-1-2, Electromagnetic Disturbances; IEC 60601-1-6, Usability; IEC 60601-1-8, Alarm Systems
ISO 14971, Application of Risk Management to Medical Devices

ISO 13485, Quality Management Systems for Medical Devices

ISO 10993 series, Biological Evaluation of Medical Devices

IEC 62304, Medical Device Software Life Cycle Processes

IEC 62366-1, Application of Usability Engineering to Medical Devices

EU Regulation 2017/745 (MDR), including classification rules (Annex VIII) and post-market surveillance
requirements

U.S. FDA, 21 CFR Part 860 (device classification), Part 807 (510(k)), Part 814 (PMA), Part 803
IMDREF, Principles of Medical Devices Classification

WHO, Global Model Regulatory Framework for Medical Devices Including In Vitro Diagnostic Medical
Devices, 2017 (open access)
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GMDN (Global Medical Device Nomenclature) and UDI (Unique Device Identification) frameworks
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Section 3 of 5: BMEssentials Cognitive Intelligence
Series (31 guides)

Each Cognitive Intelligence guide inherits the reference block of its corresponding BMEssentials lecture and the
foundation list of its phase. The protocols and frameworks are original works of the founder. The references

below govern the shared scientific foundation of the series: the cognitive science, neuroscience, and educational

psychology of how humans learn, remember, focus, and become experts. Together, the two layers back every

guide in the series.

FOUNDATIONAL SCIENCE OF LEARNING AND MEMORY

Hebb, D. O., The Organization of Behavior: A Neuropsychological Theory, Wiley, 1949

Bliss, T. V. P., Lamo, T., "Long-lasting potentiation of synaptic transmission in the dentate area of the
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Kandel, E. R., "The molecular biology of memory storage: a dialogue between genes and synapses,"
Science, 2001
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e Stickgold, R., "Sleep-dependent memory consolidation," Nature, 2005
e Walker, M. P, Stickgold, R., "Sleep, memory, and plasticity," Annual Review of Psychology, 2006

COGNITIVE LOAD, EXPERTISE, AND REPRESENTATION
e Sweller, J., "Cognitive load during problem solving: effects on learning," Cognitive Science, 1988
e Sweller, J., Ayres, P., Kalyuga, S., Cognitive Load Theory, Springer

e Kalyuga, S., Ayres, P., Chandler, P., Sweller, J., "The expertise reversal effect," Educational Psychologist,
2003

e Chase, W. G., Simon, H. A., "Perception in chess," Cognitive Psychology, 1973

e Chi, M. T. H,, Feltovich, P. J., Glaser, R., "Categorization and representation of physics problems by
experts and novices," Cognitive Science, 1981

e Ericsson, K. A., Krampe, R. T., Tesch-Rémer, C., "The role of deliberate practice in the acquisition of
expert performance," Psychological Review, 1993

e Ericsson, K. A, Kintsch, W., "Long-term working memory," Psychological Review, 1995
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Section 4 of 5: Career Architecture Series (31 guides) —
FINAL

The Career Architecture guides are original frameworks developed by the founder for building a biomedical
engineering career. The references below govern the shared foundation of the series: the science of expertise
and skill development, vocational and organizational psychology, the research on how careers are actually built
and jobs actually found, and the documented landscape of the biomedical engineering profession.

THE PROFESSION AND ITS FRAMEWORKS

e WHO, Human Resources for Medical Devices: The Role of Biomedical Engineers, WHO Medical Devices
Technical Series, 2017

e WHO, Global Atlas of Medical Devices, WHO
e ABET, Criteria for Accrediting Engineering Programs, biomedical engineering program criteria

e ACCE, Clinical Engineering Certification (CCE) Body of Knowledge, American College of Clinical
Engineering

e AAMI, Certified Biomedical Equipment Technician (CBET) and Certified Healthcare Technology Manager
(CHTM) frameworks

e IFMBE, International Federation for Medical and Biological Engineering, professional and educational
resources

e BMES, Biomedical Engineering Society, career and professional development resources

e Madhavan, G., Oakley, B., Kun, L. (eds.), Career Development in Bioengineering and Biotechnology,
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Biology Magazine, 2002
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Section 5 of 5: Business Mastery Series (31 guides) —
FINAL

The Business Mastery guides are original frameworks developed by the founder for the commercial side of
biomedical engineering. The references below govern the shared foundation of the series: corporate finance and
valuation, strategy and marketing, medtech commercialization and regulatory economics, sales and
negotiation, operations and supply chain, entrepreneurship, and the ethics and compliance frameworks every
medical device business operates under.

FINANCE, VALUATION, AND ECONOMICS
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Editorial Standards

How BMEssentia content is created, sourced, and maintained

Our commitment

Every course, device breakdown, guide, and practice question on BMEssentia exists to be trusted by
students, engineers, and the institutions that teach them. That trust is earned through a documented
editorial process, not assumed.

How content is created

All content on BMEssentia is built from the field's established canon: the standard textbooks taught in
accredited biomedical engineering programs worldwide, international standards from the IEC, ISO, and
related bodies, and the primary and review literature of the field. Content is written in original language for
clarity and cognitive accessibility; it paraphrases and teaches from the canon, it does not reproduce it.

How sources are selected

Each course and device carries a reference block built in tiers. Core Texts are the textbooks an accredited
program would itself assign. Standards and Regulatory entries are the operative international standards for
the topic or device class. Landmark Papers are the primary literature that established the science. Current
Reviews keep each topic anchored to the present state of the field. Sources are selected for authority,
verifiability, and accessibility, with open-access materials flagged wherever available. All references are
English-language publications.

Illustrations and practice questions

All 3,800+ illustrations are original works created by BMEssentia, drawn to teach the concepts documented
in each topic's reference sources. Each illustration's accompanying description is anchored in the reference
sources of its parent course or device. All practice questions are derived from the same sources as their
parent course or device.

Safety-critical content

Content describing the operation, failure, or servicing of real medical devices is held to a stricter bar: no
invented values, universal physical constants only, and any procedure touching hardware, high voltage,
pressurized or blood-contacting circuits, or pharmaceuticals routes to escalation rather than field
improvisation. Manufacturer- and model-specific material is declared out of scope and directed to the
reader's own site documentation.

Review cadence

Every reference block carries its last review date and next scheduled review. The full reference library is
reviewed annually; standards entries are additionally checked against the issuing body's current catalog at
each review.

Corrections

Errors reported by users, educators, or institutional partners are logged, verified against the reference
sources, and corrected. Substantive corrections are reflected in the affected content's next review date.



Scope of claims

BMEssentia aligns its course scope with ABET biomedical engineering program criteria and IFMBE curriculum
guidance. BMEssentia is an independent educational platform; alignment does not imply accreditation,
endorsement, or certification by any standards body or accreditor.



