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Definition

Biomedical engineering (BME) is an interdisciplinary field that applies the
principles of basic sciences (physics, mechanics, chemistry, and mathematics)
and engineering sciences (electronics, optics, material, computer, and informa-
tion) to investigate biological and medical questions, to quantify life phenomena
and biological processes, to understand or manipulate biological systems, and to
promote human health and clinical diagnosis and prognosis of diseases. It mainly
includes the branches of biomechanics, biomaterials, tissue engineering and re-
generative medicine, rehabilitation engineering and artificial organs, biomedical
imaging, bioelectronics, as well as interventional medicine, radiology, nuclear
medicine, medical ultrasound, physiological modeling and control, medical infor-

matics, and artificial intelligence.
Working Process

The Research on the Development Strategy of BME 2011-2020 was initiated
jointly by National Natural Science Foundation of China (NSFC) and Chinese
Academy of Sciences (CAS).The Survey Group of Biomedical Engineering
(SG-BME) was launched on April 17, 2009 and the first meeting was held in
Beijing on May 7, 2009. The SG-BME was first formed by Drs. Mian Long,
Tianzi Jiang, Jianwu Dai, and Deling Kong, who serve as the coordinators in the
respective branches of biomechanics, biomedical imaging, tissue engineering,
and biomaterial. At the second meeting held on August 27, 2009, Dr. Zuhong Lu
was invited to join in the SG-BME, responsible for coordinating the study on the
bioelectronics branch. Since May 2009, each coordinator has organized the vari-

ous types of mini-symposiums, questionnaire surveys, and data mining. Upon the
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extensive discussions with relevant colleagues, a draft report was formed for each
branch and integrated into a summarized report. From then on, one and a half
year was taken to distribute the report to the experts in the fields for critical
reading, and the returned comments and suggestions were then incorporated into
this finalized Strategic Report. Nonetheless, the imperfections or even mistakes
may still exist in the report, and further comments and suggestions are more

than welcome.

Contents

The Strategic Report aims, upon the historic courses and current status of
BME field, the present demands of human health and disease treatment, and the
frontiers of interdisciplinary subjects, to propose the mainstream research direc-
tions, the preferentially-supported branches, and the key interdisciplinary sub-
jects of BME field in the next five to ten years. It includes seven chapters:
Chapter | outlines the strategic position of BME field in national science and
technology. Chapter [[ introduces the BME subject characteristics and future
perspectives. Chapter [[I illustrates the current status of BME field. Chapter [V,
V » and V[ propose respectively the future layout of BME field, the preferential-
ly-supported branches and key interdisciplinary subjects, and the international
collaboration and exchanges in the next five to ten years. Chapter V| presents the
policies to support biomechanics, biomaterials, tissue engineering, biomedical
imaging, and bioelectronics. This Strategic Report serves as a reference book for
scientists and postgraduate students in BME field as well as for other researchers

or administrators in related fields.

Main Points and Conclusions

Characteristics of BME

1) BME is indispensible in life science and clinical medicine. A line of rea-
soning has contributed to the emergence of BME field. The primary reason is at-
tributed to the growing attention on human health accompanied with social civili-
zation. The secondary reason lies in the urgent demand to integrate the life sci-
ence and engineering science when the modern spectrum of diseases varies, and

the techniques and instruments for disease diagnosis and treatment are newly de-



veloped. In the past five decades, BME merged into almost every field of life sci-
ence, human health, and medical science, from the discovery of new life phe-
nomena to the quantification of biological processes, from the mass data analysis
to the development of new medicines, and from the medical science to the clinic
medicine. The progresses on BME have profoundly modified the life science and
clinical medicine themselves and would promote the future directions of their de-
velopment and transformation. In this regard, the development of life science and
clinical medicine can not make it today without require the engagement of BME.

2) BME is embodied in national innovation capacity in human health and
disease treatment. Aiming at the disease prevention, diagnosis, and treatment,
as well as the rehabilitation and health promotion, BME develops its own con-
ceptual framework, integrates the knowledge from molecular to organic levels,
and promotes the innovative methodologies of biotechnology, biomaterial, biocy-
bernetics, implantation, artificial organs, medical instrument, and informational
products. Since 1990s, BME has become the innovative resource in the progress
of medical instrumentation and the development of translational medicine where
the competitive forces of BME industries serve as a symbol of the innovation ca-
pacity in developed countries. Nowadays not only BME promotes the develop-
ment of various health-related industries (e. g. , medical instrumentation indus-
tries), but it also significantly reforms the industries themselves. By integrating
human subjects (patients and physicians) and instruments into a holistic system,
BME focuses on their inter-coordination, highlights the clinical solutions on the
viewpoint of systems engineering, develops, proper medical instruments, and
reaches the goal-of-medicine.

3) BME is characteristic from interdisciplinary combination to merged inte-
gration of modern sciences and technologies. BME itself is the outcome of inter-
disciplinary combination and it has grown up with basic sciences (physics, me-
chanics, chemistry, and mathematics) and engineering sciences (electronics, op-
tics, material, computer, and information). Nowadays more and more investiga-
tors and engineers with interdisciplinary training are qualified in biomedical sci-
ence and engineering, which compels the BME transition from interdisciplinary
combination to merged integration. Such the transition is quite important since it
enables BME scientists and engineers to propose the critical issues in the main-
stream of life and medical sciences, to develop the core techniques and instru-

ments from different perspectives, and to solve the medical problems using quan-
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titative theories, methods, and technologies. Meanwhile, new branches have
emerged in the life and medical sciences such as mechanical biology, physical bi-
ology, chemical biology, and mathematical biology as well as tissue engineering,
regenerative medicine, interventional medicine, and surgical planning.

4) BME is contracted as engineering science. BME has features of engineer-
ing science. It aims at solving practical problems, seeking universal principle,
and implementing preset (though finite) goal in the most contracted way. Thus,
not only should BME meet the needs of medical progress and serve as the impor-
tant link with social security system, but it also would help to cut down the med-
ical expenses and promote the sustainable development of health cares.

Strategies of BME

National BME strategies in next five to ten years are suggested.

— To understand the basic issues in biomechanics, biomaterials, tissue en-
gineering, biomedical imaging, and bioelectronics, and to provide the new con-
cepts, ideas, and methods for BME and related industries.

— To develop the novel approaches of early diagnosis at molecular level
(e. g. » molecule imaging and high-throughout gene screening techniques) to pro-
vide the accurate prediction of disease emergence and propose the preventive
measures in advance.

— To design the smart biosensors (e. g. , glucose-activated insulin delivery
system) to apply chemical or biological signals of target organs or tissues in con-
trollable release of medicines in proper doses at correct timing and location.

— To engineer the functional living tissues or organs to repair and regener-
ate the impaired tissues or organs induced by heart attack, renal failure, arthri-
tis, wounding, or other factors and to lower the possibility of surgical rerun and
overcome the limitations of artificial organs and man-made joints.

— To promote the minimally-invasive, image-navigated, or robot-assisted
operation techniques as standard protocols in micro-surgical treatments.

— To establish the remote-or tele-medicine network to expand the medical
services from urban health care center to rural and remote regions for intact col-
lection of physiological and biochemical signals and imaging data.

— To apply the individualized medical care approach into providing the gene-
based medicine prescription for each specific patient.

— To further the understandings in the integrity of a complex biological sys-

tem in multi-scales from gene to organ and to unity to predict ultimately the oc-
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currence and development of biological and pathological processes.

Preferentially-Supported Subjects of BME in Next 5 to 10 Years

(1) Biomechanics

Mechanobiology and mechanochemistry at molecular and cellular levels:

1) Quantification between mechanical properties and specific interactions of
biomacromolecules.

2) Theoretical simulation, functional prediction, and experimental valida-
tion of structure-function relationship of biomacromolecules.

3) Dynamics of protein assembly and synergy of protein machinery.

4} Dynamic behaviors of subcellular elements (i.e., cytoskeleton and or-
ganelles) and assembly and remodeling of subcellular structure.

5) Quantification between mechanical properties of cells and cell-cell or cell-
extracellular matrix interactions.

6) Impacts of applied forces on cell development, proliferation, secretion,
differentiation, and apoptosis.

7) Hierarchical information integration from molecules, subcellular ele-
ments to cells.

8) New concepts, technologies, and methods in molecule and cellular bio-
mechanics.

Biomechanical bases of human health and severe diseases:

1) Biomechanics in bone-muscle system, respiratory system, and sensory
system and their applications in tissue-organ impair and repair.

2) Cardio- (cerebral-) vascular mechanobiology along with its application
in treatment of circulatory system diseases.

3) Key biomechanical issues in engineered living tissue and organ construc-
tion.

4) Cellular and molecular biomechanics and their application in physio-path-
ological processes (1. e. , tumor metastasis).

5) New biomechanical concepts, methods, and technologies in rehabilitation
engineering, surgical planning, and individualized medicine.

Micro-or nano-scale biomechanics and bionic mechanics:

1) Biomechanics of (stem) cell and underlying molecular mechanisms.

2) Nano-dynamics inside a cell in physiopathology.

3) Micro-nano-scale biological fluid mechanics and biorheology.

4) Biomaterial mechanics and bionic and sport biomechanics.
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5) Biomechanical bases of nano-biotechnology and -biomaterials.

(2) Biomaterials

Modification of tissue repair materials and their properties in tissue regener-
ation:

1> Key signaling molecules and microenvironment factors in the process of
tissue regeneration.

2) Bio-molecules targeting specific receptors or ligands on cell surface to
capture tissue cells and stem cells.

3) Microenvironment appropriate for cell migration and adhesion upon joint
molecules and extracellular matrices required for the interaction between cells
and materials.

4) Growth factors for regulating tissue generation, regeneration, and re-
pair.

5) New methods for evaluating the safety and function of biomaterials at
molecular level and verifying the effect of biomaterials.

Bio-unctionalization of biomaterial surface and interface and their interaction
with organisms;

1) Molecular mechanisms in dynamic interactions between biomaterial sur-
face and tissue/cells.

2) Rules and mechanisms of interactions between biomaterials and immune
system of organisms.

3) Functional transition design and construction of contact interfaces be-
tween materials and tissue/cells.

4) Bio-functionalization of the surface of cardiovascular implant materials.

5) Correlation between active modification of biomaterial surfaces and in-
duced tissue regeneration.

6) Micro/nano structure of biomaterial surfaces and their interactions with
organisms.

7) Advanced technologies for characterizing the surface of biomaterials at
molecular or even sub-molecular level and in situ/real-time interface quantitative
tracking technologies.

Biocompatibility of biomaterials.

1) Criteria optimization for evaluating the biocompatibility of biomaterials.

2) New methods and techniques in testing the biocompatibility of biomateri-
als.



