
Musculoskeletal	
  Biomechanics	
  
BIOEN	
  520	
  |	
  ME	
  527	
  

Winter	
  2016	
  

Instructors: 	
  Profs.	
  Randy	
  Ching	
  &	
  Bil	
  Ledoux	
  

Office	
  hours: 	
  by	
  appointment	
  

Website: 	
  hMp://courses.washington.edu/bioen520/	
  

 
 



Background...	
  



Background...	
  



Course	
  OrganizaQon...	
  

•  Research	
  Study	
  
Framework...	
  

•  Important	
  dates...	
  

•  Assignments...	
  

•  Exams...	
  

•  Grading...	
  



Course	
  ObjecQves...	
  
•  Become	
  aware	
  of	
  scope	
  and	
  pracQce	
  of	
  the	
  field	
  of	
  

biomechanics…	
  	
  

•  Understand	
  basic	
  experimental	
  tools	
  and	
  techniques…	
  

•  Grasp	
  the	
  structure-­‐funcQon-­‐property	
  relaQonships	
  for	
  
musculoskeletal	
  Qssues...	
  

•  Explore	
  the	
  implementaQon	
  of	
  these	
  biomechanical	
  tools	
  and	
  
techniques...	
  

•  Demonstrate	
  proficiency	
  in	
  developing	
  a	
  musculoskeletal	
  
biomechanics	
  research	
  project…	
  



Course	
  InstrucQon...	
  

•  Two	
  instructors;	
  two	
  different	
  “styles”…	
  
•  “Cody	
  and	
  Joe”	
  	
  	
  	
  “Randy	
  and	
  Bil”	
  	
  



Today’s	
  Discussion	
  QuesQons...!
[Q1]:	
  What	
  is	
  biomechanics?	
  
[Q2]:	
  Why	
  study	
  biomechanics?	
  
[Q3]:	
  Why	
  are	
  YOU	
  interested	
  in	
  biomechanics?	
  
[Q4]:	
  Who	
  were	
  some	
  important	
  historical	
  

biomechanists?	
  
[Q5]:	
  Why	
  is	
  it	
  important	
  to	
  know	
  what	
  others	
  

have	
  done	
  in	
  the	
  past?	
  
[Q6]:	
  How	
  can	
  we	
  know	
  if	
  a	
  field	
  is	
  growing?	
  
[Q7]:	
  What	
  are	
  some	
  current	
  “hot”	
  research	
  

areas	
  in	
  biomechanics?	
  



Biomechanics…	
  

[Q1]:	
  What	
  is	
  biomechanics?	
  

“...Mechanics	
  applied	
  to	
  biology”	
  

	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  [Y.C.	
  Fung,	
  1981]	
  



[Q]: 	
  If	
  biomechanics	
  is	
  mechanics	
  applied	
  to	
  
biology,	
  what	
  is	
  mechanics?	
  

Biomechanics...	
  

“...the study of motion and 
the deformation of objects 
in response to forces acting 
upon them...”!



Biomechanics…	
  

  Sport	
  biomechanics	
  
  Ergonomics	
  
  Injury	
  biomechanics	
  
  Clinical	
  biomechanics	
  

(ortho,	
  rehab,	
  sports	
  medicine)	
  
  ProstheQc	
  engineering	
  

Improve	
  
healthcare	
  

Prevent	
  
injuries	
  

Enhance	
  performance	
  

[Q2]:	
  Why	
  study	
  biomechanics?	
  	
  (i.e.,	
  what	
  
benefits	
  can	
  be	
  gained?)	
  



[Q3]:	
  Why	
  are	
  YOU	
  interested	
  in	
  biomechanics?	
  	
  
(…what	
  do	
  you	
  hope	
  to	
  take	
  away	
  from	
  
this	
  course?)	
  

Biomechanics...	
  



[Q4]:	
  Who	
  were	
  some	
  of	
  the	
  important	
  
historical	
  figures	
  who	
  contributed	
  to	
  the	
  
field	
  of	
  biomechanics?	
  

Biomechanics...	
  



History	
  of	
  Biomechanics...	
  Who	
  am	
  I?	
  

	
  In	
  addiQon	
  to	
  his	
  important	
  contribuQons	
  to	
  physics	
  	
  
and	
  astronomy	
  (e.g.,	
  the	
  definiQon	
  of	
  momentum	
  and	
  
the	
  first	
  observaQons	
  of	
  the	
  heavens	
  using	
  a	
  
telescope),	
  his	
  mechanical	
  analysis	
  of	
  the	
  movement	
  
of	
  animals	
  together	
  with	
  his	
  study	
  of	
  bone	
  mechanics	
  
has	
  led	
  some	
  to	
  consider	
  him	
  to	
  be	
  the	
  “Father	
  of	
  
Biomechanics"…	
  

	
  	
  Who	
  was	
  Galileo	
  Galilei?	
  (1564	
  -­‐	
  1642)	
  



History	
  of	
  Biomechanics...	
  Who	
  am	
  I?	
  

	
  This	
  Italian	
  physiologist	
  and	
  physicist	
  was	
  the	
  first	
  to	
  
calculate	
  the	
  human	
  center	
  of	
  gravity	
  and	
  the	
  forces	
  
required	
  for	
  equilibrium	
  in	
  various	
  joints	
  of	
  the	
  
human	
  body	
  (well	
  before	
  Newton	
  published	
  the	
  laws	
  
of	
  moQon).	
  The	
  highest	
  honor	
  bestowed	
  by	
  the	
  
American	
  Society	
  of	
  Biomechanics	
  is	
  awarded	
  in	
  his	
  
name.	
  

	
  

	
  	
  Who	
  was	
  Giovanni	
  Borelli?	
  (1608-­‐1679)	
  



History	
  of	
  Biomechanics...	
  Who	
  am	
  I?	
  

	
  He	
  was	
  the	
  first	
  to	
  coin	
  the	
  name	
  “cell”	
  to	
  describe	
  
basic	
  biological	
  organisms	
  he	
  observed	
  through	
  his	
  
early	
  work	
  with	
  microscopes,	
  and	
  he	
  also	
  developed	
  
the	
  fundamental	
  law	
  of	
  elasQcity	
  based	
  on	
  his	
  work	
  
with	
  springs.	
  

! Who	
  was	
  Robert	
  Hooke?	
  (1635-­‐	
  1703)	
  



History	
  of	
  Biomechanics...	
  Who	
  am	
  I?	
  

	
  This	
  English	
  physician	
  and	
  physicist	
  developed	
  the	
  
wave	
  theory	
  of	
  light	
  and	
  came	
  up	
  with	
  a	
  	
  soluQon	
  to	
  
the	
  problem	
  of	
  asQgmaQsm	
  in	
  lenses.	
  	
  He	
  also	
  studied	
  
the	
  formaQon	
  of	
  the	
  human	
  voice,	
  idenQfied	
  it	
  as	
  
vibraQons,	
  and	
  connected	
  it	
  with	
  the	
  elasQcity	
  of	
  
materials	
  giving	
  us	
  a	
  well	
  known	
  modulus	
  bearing	
  his	
  
name.	
  

	
  	
  Who	
  was	
  Thomas	
  Young?	
  (1773	
  -­‐	
  1829)	
  



History	
  of	
  Biomechanics...	
  	
  

  Leonardo	
  da	
  Vinci	
  (1452	
  -­‐	
  1519)	
  	
  [Anatomy	
  and	
  mechanics]	
  	
  
  William	
  Harvey	
  (1578	
  -­‐	
  1657)	
  	
  [CirculaQon	
  of	
  blood]	
  
  Eadweard	
  Muybridge	
  (1830	
  -­‐	
  1904)	
  	
  [LocomoQon	
  photos]	
  
  Julius	
  Wolff	
  (1836	
  -­‐	
  1902)	
  [Bone	
  adaptaQon]	
  
  EQenne	
  Marey	
  (1838	
  -­‐	
  1904)	
  	
  [Cinematography	
  &	
  gait	
  analysis]	
  
  A.V.	
  Hill	
  (1886	
  -­‐	
  1977)	
  	
  [Muscle	
  mechanics]	
  

Other	
  Contributors	
  to	
  Biomechanics	
  



[Q5]:	
  Why	
  should	
  we	
  care	
  about	
  these	
  historical	
  
figures	
  and	
  their	
  contribuQons?	
  

History	
  of	
  Biomechanics...	
  	
  

“…If	
  I	
  have	
  seen	
  a	
  li=le	
  further	
  it	
  is	
  by	
  standing	
  on	
  
the	
  shoulders	
  of	
  giants.”	
  
	
  
Sir	
  Isaac	
  Newton,	
  in	
  a	
  le=er	
  to	
  Robert	
  Hooke,	
  1676	
  



[Q5]:	
  Why	
  should	
  we	
  care	
  about	
  these	
  historical	
  
figures	
  and	
  their	
  contribuQons?	
  

History	
  of	
  Biomechanics...	
  	
  



[Q6]:	
  How	
  can	
  we	
  determine	
  whether	
  a	
  field	
  of	
  
study	
  is	
  growing	
  or	
  in	
  decline?	
  

Current	
  Topics...	
  

Track	
  the	
  research	
  publicaLons	
  being	
  produced…	
  



Current	
  Topics...	
  

Indexed	
  journal	
  arQcles	
  each	
  year…	
  



Current	
  Topics...	
  

•  Research	
  socieQes…	
  
  InternaQonal	
  Society	
  of	
  Biomechanics	
  (ISB)	
  
−  Journal	
  of	
  Biomechanics	
  /	
  Clinical	
  Biomechanics	
  

  Am/Eur	
  Society	
  of	
  Biomechanics	
  (ASB/ESB)	
  
−  Journal	
  of	
  Biomechanics	
  

  American	
  Society	
  of	
  Mechanical	
  Engineers	
  (ASME)	
  
−  Journal	
  of	
  Biomechanical	
  Engineering	
  

  Biomedical	
  Engineering	
  Society	
  (BMES)	
  
−  Annuals	
  of	
  Biomedical	
  Engineering	
  



Current	
  Topics...	
  

•  Biomechanics	
  (engineering)	
  programs…	
  
(ISB	
  website:	
  86	
  departments	
  in	
  U.S.	
  colleges/univ.)	
  



Current	
  Topics...	
  

  Tissue	
  engineering...	
  
  Custom	
  (paQent-­‐specific)	
  implants...	
  
  Computer-­‐aided	
  surgery...	
  
  SyntheQc	
  bone	
  &	
  ligament	
  replacement...	
  
  Bioresorbable	
  fixaQon	
  devices...	
  
  Others?	
  

[Q7]:	
  What	
  are	
  some	
  current	
  “hot” research	
  
areas	
  in	
  biomechanics	
  research?	
  



[Q]: 	
  Was	
  Galileo	
  correct?	
  	
  [He	
  hypothesized	
  that	
  the	
  
cross-­‐secLonal	
  geometry	
  of	
  long	
  bones	
  would	
  have	
  to	
  
increase	
  more	
  quickly	
  than	
  length	
  to	
  support	
  the	
  
increased	
  weight	
  of	
  larger	
  animals.]	
  

“Brain	
  Teaser”...	
  


