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Biomechanics is the study of the structure and function of biological systems such as humans, animals, plants, organs,
and cells by means of the methods of mechanics. In this course, fundamental knowledge of the biomechanical aspects
and structural behavior of the human musculoskeletal system together with basic biomechanics concept will be
introduced, and it is believed that it is an essential prerequisite for any experimental, theoretical, or analytical approach
to analyze its physiological function in the body.

The objectives of this course are:

(1) To introduce students to classical and modern biomedical engineering in the field of biomechanics;

(2) To utilize mathematics, physics, and basic sciences to devise and implement solutions to biomechanical problems;
(3) To develop the ability to apply concepts to various problems.
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Pk RE Learning Outcomes

1. To attain basic knowledge of engineering methodology as applied to biomechanics
2. To attain a systemic appreciation of the various areas in biomechanics and to develop the ability to apply concepts to
various problems.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)
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Lecture 1: #1K} J72-3A7 40 & 2] Mechanics of materials - calculus review (2 )
Topic: Fundamental concept of mechanics, Force vector, Stress and strain, Deformable body mechanics
247, NARRIAK SR 2 St — AR 7o ke
Stress, strain and constitutive relations; linear first order non-homogeneous differential equations
Lecture 2: 4040 124 Ki# 1% Cellular biomechanics - viscoelasticity (2 )
Topic: Dynamics
N S AE YRR A R . ORGSR TR R TR A B A LA 1

The cell is the building block of higher organisms. Viscoelastic models will be used to model mechanical
behavior of cells.

Lecture 3: 4N TS S S5 H UM Mechanotransduction and mechanical stimulation of cells (2 2K)

Topic: Mechanical properties of biological tissues, Micro/Nano biomechanics

MUl 5 G 2 Stk 200 i o ] S SR R i) o7 WL IR 78 . 43 Mechanoreception, {5 AL H bRigdE M. o
V& T M URSCRI B4 ) TREF AR

Mechanotransduction is the study of how cells sense and respond to mechanical events. The concepts of
Mechanoreception, signal transmission, and target activation will be introduced. Engineering techniques for
mechanical stimulation of cells will be discussed.

Lecture 4: JLIAIATIZ 3] Muscles and movement (2 i)

Topic: Dynamics, Statics, Kinetics, Mechanical properties of biological tissues

EEAE R A MR Y, BTSSR IY RSB ALR H TR A4 775

Focused on the skeletal muscle anatomy and physiology, an extended viscoelastic model with an active
element will be used to model muscle biomechanics.

Lecture 5: ‘F The bone (2 Z4i)

Topic: Applications of statics to biomechanics, Mechanical properties of biological tissues

FELE R RSS2 E RS A B I i e LU BB AN NR A 0 22 . (T R A ) 2R o iy
W

Introduce the bone as a structural organ in terms of structure and composition. Biomechanical properties of
cortical and trabecular bone will be compared. Bone biomechanics will be analyzed with solid mechanics
models.

Lecture 6: BT /1% Bone fracture mechanics (2 )

Topic: Dynamics, Kinetics

M EI MG LR IFRR A RE R T EHEAT 0. R BN A S B RO A M A ek .
VRIS B A B R 5 57 1 3T o




SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY

) hI3 MLY%

Bone fracture and failure mechanics will be introduced and will be analysed with an energy balance approach.
Stress concentration and its relevance to the bone microstructure will be presented. Time-dependency or fast
vs. fatigue fractures will be discussed.

Lecture 7: ‘B ZhREMEIE R Bone functional adaptation (2 Z0)

Topic: Dynamics, Multiaxial deformations and stress analyses, Biomaterials

MIRIRRER LA, A G i s A TR 5T, A PSR AL 18 i BT 25 AR BT . BHE A B LIS
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Starting from Wolff's law, introduce the dynamic nature of the bone; discuss bone’s resistance to bending using
the concept of moment of inertia. Discuss the clinical implications of the mechanical adaptation of bone.

Lecture 8: LB M H.1E ] Muscle-bone interaction (2 2£Rf)
Topic: Moment and torque in human body, Applications of statics to biomechanics
LART AN S B, A 28504 A AL 0 2 ey A 33 3 MR BE . 23 M 604 0 R 03 1167

Using the forelimb and hindlimb as examples, introduce how internal force within an animal is transmitted to
the outside environment. The analysis includes force and moment balance.

Lecture 9: #4545 2H 2R Soft connective tissues overview (2 Z2if)
Topic: Dynamics, Multiaxial deformations and stress analyses
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Present the anatomy of ligaments, tendons, and cartilage and their biomechanical properties from empirical
data. Discuss biomechanical relevance of current clinical interventions in treating soft tissue injuries and
diseases.

Lecture 10: #4h 45 HZL-HUHE RE Soft connective tissues - mechanical properties (2 2£H))

Topic: Dynamics, Multiaxial deformations and stress analyses, Mechanical properties of biological tissues
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Relating anatomical structures in ligaments, tendons, and cartilage with their biomechanical behaviors.
Highlight the concept of how material properties contribute to bulk mechanical properties.

Lecture 11: #&h 420 41-kh50PE Soft connective tissues - viscoelasticity (2 2£H)
Topic: Dynamics, Mechanical properties of biological tissues, Biomaterials

RS PERE T AER T, WU AR L

Viscoelastic models will be re-visited with their application in ligaments, tendons, and cartilage.
Lecture 12: #i# 2% Mid-term test (2 ZAf)

MR 1 25 11 YRR N2 .
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Course content from lecture 1 to 11 will be tested.
Lecture 13: i&3) Locomotion (2 Z£i}) - HFETI H 21T project proposal due
Topic: Linear and angular kinematics, Impulse and momentum

DA IR AN SE B A A SNSRI iz 5l (AT E MBS .

Human terrestrial locomotion (walking and running) will be introduced from both descriptive and quantitative
points of view.

Lecture 14: BRA:4) 775 Ocular biomechanics (2 2£i}) - Hth %R 5 45 Mid-term review
Topic: Static, Applications of statics to biomechanics
SR IR (AR AN AR B A% . (P VLR JEEBE IR e o (1) U A 70 R R IR S 1R AR 0 %

The anatomy and physiology of the eye will be presented. Biomechanics of the eye will be discuss using fluid
statics in thin- and thick-walled spherical shell.

Lecture 15: IEUR 2 4i-E0 2E4) 112 The respiratory system - biomechanics of breathing (2 22i)
Topic: Static, Applications of statics to biomechanics
HIFRRG AT T RS FRENMREN . DRIV I15 . SISt fl 2R sk 77 3408 o

Present the respiratory system into two subsystems: the conducting airways and the associated structures.
The biomechanics of breathing will be analysed. Analyse lung elasticity and surface tension effects.

Lecture 16: I R 4145t The respiratory system - mass transfer (2 22})
Topic: Static, Applications of statics to biomechanics, Mass transfer
Jili AL R AN L R (D folE S, RIS IR TR R AUz, G ZRR, B TR

Mass transfer in the lung will be presented from two points of view: (i) a microscopic one, in which we focus on
gas transport in a single acinus; and (ii) a macroscopic one, in which we focus on the entire lung.

Lecture 17: M-I R 4e-Fikiiz 4 The respiratory system - particle transport (2 )
Topic: Static, Applications of statics to biomechanics, Particle transport
A8l o SRR B TE 2k P W B B . R ARG 8 R AR TE SR o R PR SR A

The importance of particle transport in the lung as a drug delivery vector will be presented. The transport
process will be modelled with spheres experiencing fluid drag force.

Lecture 18: [A] i fA7i5), Darcy &4 Interstitial fluid flow, Darcy’s law (2 %2H)
Topic: Dynamic, Impulse and momentum
Z AL TR T A A BRSNS . A RIA T B RIS IE R

Porous media theory will be used to analyse fluid flow in the extracellular matrix. Darcy’s law, including the
concept of permeability will be presented.




-
. WA

18.

A3 W L%

SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY

Lecture 19: IM 30 #12E- MR A 2% Hemodynamics - blood rheology (2 i)
Topic: Dynamic, Impulse and momentum, Applications of statics to biomechanics
MBI 5 HR A A BB R T MR A T RE

Introduce the connection between blood composition and its rheology. Derive the constitutive equations for
blood.

Lecture 20: Ifilifish 7157- K3k Hemodynamics - large artery (2 270D
Topic: Dynamic, Impulse and momentum, Applications of statics to biomechanics
FERE) ik b () MUY B SR, HERR AR AR BT E 82 (1 7 72

Modelling the blood as a homogeneous fluid in large arteries, derive the equations for volumetric flow rate and
shear stress.

Lecture 21: I3 /12%%-/N % Hemodynamics - small vessels (2 240 )
Topic: Dynamic, Impulse and momentum, Applications of statics to biomechanics
TR/ LA P MR ) AR LR B AR AR AE o 838 2 4 R /)N 1 I8 P ) LS A 70 2%

Discuss the non-Newtonian feature of blood in small vessels. Mathematically describe blood flow in vessels
with size of red blood cells.

Lecture 22: {E¥ & 4i-0IF The circulatory system - the heart (2 2£H))
Topic: Dynamic, Impulse and momentum, Applications of statics to biomechanics
TR RGP ARR) A R R L S5 A 1 2 AR S . AR 775 A BEVR T 90 U AC 46 o 40

Overview of the anatomy of the circulatory system and its relevance to biomechanics. The cardiac contraction
cycle will be examined in-depth from the biomechanics perspective.

Lecture 23: 21 H Ik Project presentations (2 227 )
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Project teams of 3 student each will present their work. Each team has 10 minutes to present their work and 2
minutes for questions.

Lecture 24: 5t Bk K& & > Current research and review (2 228 iRFEIH #2532 project report
NREYFIETBNMAT R R, MIAEEYEZE TRV NNA. Biher iR B R .

Current developments in the field of biomechanics will be presented with emphasis on applications in
biomedical engineering. Major scientific journal articles will be discussed.

BM REESEFE Textbook and Supplementary Readings
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1. Introduction to Biomedical Engineering (3" Ed.), Enderle JD, Bronzino J (eds.), Academic Press, 2011

2. Introductory Biomechanics From Cells to Organisms, 1st Edition, Cambridge University Press
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http://www.amazon.com/Introduction-Biomedical-Engineering-Third-Edition/dp/0123749794



