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1 .0  INTRODUCTION 

This volume contains  the r e s u l t s  of al? e x i e r i s i v e  i ' t e r a t u r e  survey 

c a r r i e d  ou t  as p a r t  of a research p ro j ec t  en t ! t i ed ,  "Thsracic Model Improve- 

ments (Experimental Tissue P rope r t i e s )  corducted by t h ~  Biomechanics Depart- 

ment of  the  Highway Safety  Research I n s t i t u t e  c f  The c'rSversity ;f E4ichigan. 

2.0 L I T E R A T U R E  SURVEY SUMMARY 

A l i t e r a t u r e  survey which concentrated on t h e  arezs f;f s c f t  t i s s u e  

t e s t i n g  and ana ly t i c a l  represen ta t ion  o f  s o f t  t i s s u e  zechznica: behavsor was 

implemented e a r l y  in  the program as an a i d  i n  guidin? the experimental 

design and data  ana lys i s  techniques.  I n  a d d ?  t i c r ! ,  t h e  1 ;  t e r a t u r e  survey was 

used t o  s tudy mechanical p roper t i es  data  c!! t h o p a c i c  t issues c f  prsir~ary 

i n t e r e s t  t o  the  p ro j ec t .  

The l i s t  of journa l s  t h a t  were surveyed incisdec: t h e  f o l l o w i r i g :  

American Journal of Physiology 

Joul-nal of Applied Physiology 

Journal c f  General Physiology 

Fhysiol ogi cai  Reviews 

ASME P u b 1  i ca t i ons  

SAE Cdbl i c a i i ons  

Appl iea  Mechanics Reviews 

Journal of Biomechanics 

i3ic!rheolouy 

Medical and Biological  Engineering 

Biomedical Engineering 

Experimental Mechanics 

Advances in Bioengineering and Instrunientat-ion 

Ameri can Journal of Physi cal Medi c i  no 



U.S. 6570 Aerospace Medical Research Laborator ies  Reports (Med. Library 

RC1050 u.63) 

ilASA S c i e n t i f i c  and Technical Aerospace Reports 

Ac t a  Orthopaedi ca Be1 gi ca 

Acta Orthopaedi ca Scandi navi ca 

Archives Physical  Medicine 

C l in i ca l  Orthopaedics 

Journal  o f  Eone and J o i n t  Surgery 

Rheumatology and Physical Medicine 

Aerospace Medicine 

Journal  Spor t s  Medi cine/Physi cal  F i t ne s s  

Journal  of  Trauma 

Injury 

Monatschri f t  Unfall hei 1 kunde 

Thorax 

A b ibl iography based on the  papers loca ted  by the l i t e r a t u r e  survey 

was compiled i n  t h e  fol lowing manner: 

1 .  Obtain t h e  paper ,  

2. Code i t  using the  scheme shown on the master ca rd  shown in  Figure 1.  

3. Abs t rac t  the  a r t i c l e .  

4.  Type t he  informat ion on a Keysort c a rd ,  an example o f  which i s  shown 

in  Figure 2. 

5. Punch t he  card according t o  t he  code. 

Duplication o f  t he  Keysort card bibl iography was done by Xeroxing t he  

cards  on a dark background a t  a s l i g h t  reduc t ion  i n  o rde r  t o  allow a t t a c h i n g  

on the dup l i c a t e  t o  a blank Keysort ca rd  f o r  punching as i nd i ca t ed  by the  . 







d u p l i c a t e .  The cop ies  o f  these b i b l i o g r a p h y  cards a r e  c o n t a i n e d  i n  t h i s  

r e p o r t .  A t o t a l  o f  over  500 cards were perpared d u r i n g  t h e  p r o j e c t .  I n  

a d d i t i o n ,  s e l e c t e d  a r t i  c l e s  o f  p a r t i  c u l  a r  p e r t i  nence t o  t h e  program have 
0 7. 

been m i c r o f i l m e d  i n  t h e i r  e n t i r e t y  and s u p p l i e d  i n  m i c r o j a c k e t  f o rm t o  t h e  

i CTM. 

3.0 LITERATURE SURVEY ABSTRACTS 

On t h e  f o l l o w i n g  pages o f  t h i s  s e c t i o n  are  t h e  a b s t r a c t s  o f  a r t i c l e s  

' surveyed i n  t h i s  s tudy .  They are  reproduced i n  s l i g h t l y  reduced fo rm t o  

a l l o w  f o r  mount ing  o f  t h e  a b s t r a c t s  on Keyso r t  cards .  The a b s t r a c t s  are  

l i s t e d  i n  a l p h a b e t i c a l  o r d e r  by a u t h o r  as c l o s e l y  as p o s s i b l e  ( s i n c e  t h e  

d u p l i c a t i o n  was per fo rmed a t  d i f f e r e n t  t imes d u r i n g  t h e  p r o j e c t  t h e r e  a r e  

occas iona l  c o n f l i c t s  i n  t h e  o r d e r i n g  o f  pages).  
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Eehav iour  o f  Tendon Co l lagen  F i b r e s  under  Tens ion  i n  V i t r o  . - 

on  Medica l  and B i o l o g i c a l  Engng., Stockholm,  38-6, 1967 
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- ALEXANDER,Robert S .  
C o n t r i b u t i o n  o f  P l a s t o e l a s t i c y  t o  t h e  Tone o f  t h e  Ca t  P o r t a l  Ve in  

- C i r c u l a t i o n  Research, 28, 461-468, 1971 
I 

- 
A b s t r a c t :  I s o l a t e d  h e l i c a l  s t r i p s  o f  c a t  p o r t L l  v e i n  were sub jec ted  t o  sudden ;. , s t r e s s e s  t o  produce immediate e l a s t i c  e x t e n s i c n  f o l l o w e d  by a s low p l a s t o e l a s t i c  ; - 0 , - e x t e n s i o n  o r  "creep."  Recorvery from t h i s  cre5p was eva lua ted  by  r e s t r e t c h i n g  : 

- e i  -I w i t h  v a r y i n g  i n t e r v a l s  between s t r e t c h e s .  In s p p r o p r i a t e l y  s t i m u l a t e d  vesse ls ,  .; 
s i g n i f i c a n t  creep r e c o v e r y  c o n t i n u e s  f o r  p e r i o d s  i n  excess of 90 minu tes .  Bo th  - -  

- t h e  r a t e  and t h e  u l t i m a t e  magni tude o f  t h e  creep r e c o v e r y  were s u b s t a n t i a l l y  ;-< 
_' i n c r e a s e d  t y  c o n t r a c t i l e  a c t i v i t y  produceci by n o r e p i n e p h r i n e  o r  e l e c t r i c a l  s t i rn-  !- Q 

- u l a t i o n .  TI-e r a t e  and u l t i m a t e  magni i b ~ e  o f  creep r e c o v e r y  were decreased b y  - 
: ,  @ - d i l a t o r  d r t  gs , a1 thol igh some r e c o v e r y  p e r y i s t e d .  The o n l y  f a c t o r s  found capab le  ' -- 

o f  block in^ creep r e c o v e r y  were complete i n a c t i v a t i o n  o f  t h e  c o n t r a c t i l e  --- 
- ~ a e h i n e r y  1.y removal of c a l c i u m  from t h e  system o r  m a i n t a i n e n c e  o f  t e n s i o n  on  I+.-  

t h e  t i s s u e  d u r i n g  t h e  r e c o v e r y  p e r i o d .  T h i s  b e n a v i o r  i s  e x p l a i n e d  b y  a  model i n  - i 
wh ich  c o n t l  ac tea  e l e n e n ~ s  a r e  capable o f  slowl:, c o n v e r t i n g  i n t o  a  s t a b l e  s h o r t e n e r i  @ 
c o n f i g u r a t  3n capable of p a s s i v e l y  m a i n t a i r ' n g  venous tone  mt i l  mechanica l  - s t r e s s  cau. es a  p l a s t o e i  a s t i c  e x t e n s i o n  t c  +he l o n g e r  c o n f i y r a t i o n .  - -  - 0 1  
biomechanic s, b l c o d  vesse ls ,  c o n t r a c t i o n  o f  ve jns ,  c reep  o f  v e i n s ,  r h e o l o g y  o f  (I. @ . 
venous t i s r u e ,  smooth muscle t o n e  I-- . , ! 

i 
.ul-t - --- *&I---.-- -- 

@ -- -- - - --- - ---- -- ' '- - I . I  2 I , 1 1 ' \ 1 9 7  - L, - - 

. Anderson, Ro ~ e r t  M., F r i t z ,  James M., O'Hare, James E. , -+ The Mechaqic71 n a t u r e  o f  t h e  b e a r t  as a  p . 1 ~ .  
- A m e r l c a ~  H e a - t  J .  73:1, 9 2 - i C 5 ,  Jan 1967. 

A b s t r a c t :  A c z r d i  ac rep lacement  pump wh ich  auol i c a t e s  c a r d i a c  f u n c t i o n  i n  a1 1  
- p h y s i o l o g i ~  : t a t e s  w i t h  no c o n t r o l s  o r  adjus:ments has been used i n  27 mongrel 

" 

he e s s e r ~ t l a l  1 h a r a c t e r l s t i c s  o f  t h e  1 ~ 2 1 - t  a l s o  of t h i s  rep1  
een d e r m n s t r ~ t - u :  t : )  They a r e  nonsuck:?o pumps, ( 2 )  they have 
, dnd ( 3 )  t ~ e r e  i s  u n i n t e r r u p t e d  venous t l o i r  i n t o  them. 

A Rew ccqcep t  o f  bas1 c herroayr~ami cs i s  pr:, r t e d  Which gives b e t t e r  i n s i g h t  
l n t c :  t b e  p a s r - v e  n a t u r e  c f  t n e  h e a r t  i n  t n e  q e ~ u l a t i o n  o f  c a r d i a c  o u t p u t  and o f  

oiume beti,een the  lungs  and s y s t e m ~ c  - i r c u i t s .  
a r r l a  a r e  found t o  have t h i e r  p h y s i 0 1 0 g 1 i  b e n e f i t  i n  a l l o ~ i n g  con t inuous  

s f low * o  the  heap t  i n  t h e  presence o f  .I\ 

d i a c  o u t p u t  ( ~ n  t h e  presence o f  a n o n r b i i ~ n g  h e a r t )  i 
t e l y  b) e x t r a c a r d i a c  f a c t o r s .  

-- - - - - - -  - -  -- - - .  - -  7 - - 7  - - 
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'c - Anliker,  Max, Histand,  Michael B .  and Ccdofi, Eric ~3' 

- Dispersion and kttenuation c i  Smii! i Ar t1  f i c i a l  Pressure Waves i r  the Crnine  ;.i:i 

Circulation Research, Vol. 23, pp. 539-551,  1966 F 

B 

; ABSTRACT: A method was developed t o  de t~ rmine  the e l a s t i c  behavlor o f  i a rge  c 
- blooa vessels in t e r m  o f  t h e i r  t r a n s n ~ i s s i ~ n  c t i a r a c t e r i s t ~ c s  fo r  :nil; s ~ ; , ~ s c ; ~ ,  

e', marily t o  d iss ipat ive  mechanisms in the vessel ha ' : .  A t  r~orrnzl c ! c o l  j Y . 5  -: 
0 -; l e v e l s ,  the  wave speed auring d i a s t ~ l e  can have 6 valur betweeri 4 aria E I- s r c  
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-- >-: Anli ler ,  'I., 'bcrll 
@ - Transmission Cr~aracter ls t ics  of Axial Waves i n  e iood Vessels 

- -  J r .  of Biomechanics. Vol. 1 No. 4 ,  235-246, 1961. 

Abstract: The e las t ic  behavior o f  blood vessels can be quant 

--- -- - _ _  _ _  _ _  
- - - - - - - -  

-- I_ v ---- - 

_ 
1 3 ,  , 

_L-- 

: Anlike?, 1.1 , Yori t z ,  W . E .  a n d  %den E .  
- iransmissi2, ch.racterjstics of Axial \laves 'n Blood Vessels I @ -  - 

/ J r .  of ~ j ~ n ? c i a q l c s ,  \JCI'I .I bi0.4, 225-2469 1968. :- a ! - 
8 

-0- - 
Abitr(Ct  [ ,Pt i  7,,ee: increased vi i h  frt.ue,:ci. while the natural pressure wave i 

i \ i;ero cf  s tcut 10 set. [In t . 3  2 basis c f  a l  isotropic  
' 
0 i 

@ - h j Y e  b,o),e~er be anbaox-1 nately 5 + i ~ 5  nigher t h a n  the  

e -. pyessUre h i v e  i2 i , ,A .  r h i s  d;!creeancy i:n ..: I lterolaeter a s  a n  a n  @ 

'- . a n i S O t r O P i C  DP~,o lC,. C~ t h e  c a r o r ~ c  wa 1 ' .  Tne carotio a r te ry  be 'Ore - 
-- - 

- 
l r  t h e  a x l a \  thaq in the circumiel 'ntl31 d i r ec t i on*  - Q 

; e I c- -- 

a. .  
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- :- @ ANLIKER, M and Maxwell ,  J.A. (1966) 
-- The d i s p e r s i o n  o f  waves i n  b l o o d  vessels .  

- 
= & ,  

I N :  Biomechanics, e d i t e d  by  Fung, pp.46-67, ASME, New YDrk, 1966 3 -- g - 
a  - : !z! 
f A b s t r a c t : D i s p e r s i o n  ~henomena assoc ia ted  w i t h  waves propagat i rc  i n  b l o o d  vesse ls  

a r e  p o t e n t i a l  measures o f  t h e  d i s t e n s l b i l i t y  o f  t h e  vesse ls  and o t h e r  c a r d i o v a s -  -:I @ - c u l a r  parameters. I n  t h i s  i n v e s t i g a t i o n  we assume t h e  vessels  t o  behave l i k e  - 

, t h in -wa l  l e d  c i r c u l a r  c y l i n d r i c a l  s h e l l s  f i l l e d  w i th  an i n v i s c i d  compress ib le  - 8 

l - f l u i d .  The vessel  w a l l  i s  assumed t o  have i s o t r o p i c  and homogeneous e l a s t i c  8 
l f p r o p e r t i e s  . The waves a r e  descr ibed  by smal l  three-d imensiocai  d1 s p l  acements C 

- o f  t h e  m idd le  s u r f a c e  o f  t h e  s h e l l  f r o m  an e q u i l i b r i u n ;  c o n f i g u r a t i o n  d e f i n e a  BB . .f by  a  mean t ransmura l  pressure and an i n i t i a l  a x i a l  s t r a i n .  The f l u i d  m o t i o n  
assoc ia ted  w i t h  t h e  waves i s  cons idered  as i r r o t a t i o n a l  . The 1 ! n e a r i r e d  d i f -  

6 -- - f e r e n t i a l  equa t ions  o f  mot ion  a r e  based on t h e  s h e l l  equa t ions  by F lugge  e 
- 

a :  - The r e s u l t s  o f  a  paramet r i c  a n a l y s i s  ~ n d i c a t e  t h a t  axisyrrnnetr ic waves 0 

- 1 a r e  o n l y  r r t i l d l y  d i s p e r s i v e  w h i l e  nonaxisqmmetr ic waves a r e  h : ~ h i y  d i s p e r s ~ v e  Q 

- and e x h i b i t  c u t - o f f  phenomena. The t ransmura l  p ressure  and t h e  i n i t i a l  a x i a l  
- -- 66 

: s t r e t c h  can have a  marked e f f e c t  on t h e  ~ h a s e  v e l o c i t i e s  and c u t - o f f  f r e q u e n c t e s .  
+ The e f f e c t s  o f  t h e  c o r n o r e s s i b i l i t y  o f  t h e  b l o o d  a r e  i n s i g n i f i c a n t  f o r  waves w i t h  
-- f requenc ies  below 1000/cyc les/sec.  The n a t u r e  and r f s u l  t s  o f  I " -v ivo e x p e r i -  e 

l , ments by Landowne a r e  i n t e r p r e t e d  i n  t h e  1 i g h t  o f  t h i s  a n a l y s i s .  - e 
@ . -.!$_ n . ------ - -  - ---- -- - 7 - v  -; 
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Apter, Julia T.  0 - An Analysis c i  :ortic Pressure Curves Taking Into Account Visco Elastic Propertier 
.= of tne Aorta a n d  Variations in Peripheral Resistance 

-1 a : Bull. Matri. Biophys., Vol. 27, pp. 27-52, 1965 2 -  - - 
- ABSTRACT: The aort ic  pressure curve necessarily reveals the mchanical proper- 

t i e s  of the aorta a n d  peripheral resistance as well as of the dynamics of blood 
flow. The present study uses a reasonable mdel of visco-elastic properties of ' 

the aorta,  a reasonable form for variations in peripheral resistance and blood 
8 flow to predict an aort ic  pressure tracing. Hurnerical values of constants measup- 
@ ed experimentally were a v a i l a ~ l e  in the published l i t e ra ture .  These were used in tne nonlinear differential equations of mtions of the system under analysis. 

. C - The equations yielded to piece-wise solution, giving the aort ic  circumference 
- and tne aortic pressure as functions of time. The form of both curves resembles : * clinical tracings, b u t  nuwrical values of circumference were higher and of pres- - -  0 
- sure lower thzn in vivo. The discrepancies between predicted and cl inical  curves I. 

may reveal certain inadequacies in published measurements on visco-elastic con- 
: 

! stants .  These wasurements have been made on longitudinal rather than circum- 
e 

- e ferentiai s t r ips  often containing dead rather than living muscle. 
The discrepan- .. - c ies ,  therefore, indicate specific gaps in our knowledge of aor t ic  behavior in 

2 vitro. The suggested mdel of the system aided in the design of experiments which:- 
could supply data necessary to  substantiate or  t o  revise the model. 

1;. • , 

- ,  - 4 :  1 7 3 1 1 2  ; 
9 1 , -  . '  0 

, ' 5  I , l o 9 1 8 1 7 6 1 5 1 3 1 2 1 0 !  I a !  7 I I I ,= z e 
+ 

Vi sco-elastic Properties of Large Arteries with Microscopic Struc- 
I @  
i 

arch, Vol. 19, pp. 104-121, 1966 
\ ? I -  ' 

- 1  
ABSTRACT: Tile wdia o f  14 regions of the aorta and 3 regions of the pulmonary 9 
artery of dogs were subjected t o  a step-function circumferential s t retch taking - 

l e te .  Tne tension rose synchronously with the increase in c i r -  : 

n Cropped exponentially t o  a reasonably steady s t a t e  within 2 sec. : - 
model , developed consistent with t h i s  stress-re1 axation curve, C. 

r shared now t a  use the tension curves to  ireasure a viscous, a se r ies -e las t ic  and 
@ i paral le l-elast lc  constant unique for  a given curve. These constants were cow . . . 
@ ! pared  wit^ the microscopic structure of the same o r  similar segments; collagen ? 

I was determined as nydroxproline in a water soluble fract ion,  e last in  as hydro- 
.- 

- . @ - I  

xyproline in tile residue and from the width and number o f  e l a s t i c  lamellae, and - 

i muscle from the nitrogen content of a nonfibrous fract ion,  from cell  counts and - , - from contract i l i ty .  Tile constituents varied widely and independently enough t o  1 

1 permit cnrrelating viscous and e las t ic  constants with microscopic structurp. The . 
.A V ~ ~ C O U S  arid series-el as t ic  constants were higher where muscle content was high, 

@ - and increased markedly when the muscle was tonically contracted, The paral le l-  
@ 

t was high when elast in  was high and i n  the presence of contrac- 
seemed independent of collagen content, a t  moderrte tensions 

e 
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Apter, J i h a  l'. L 

C O ~ E ~ ~ ~ ~ O ~  of 'dlSco-E1astic Properties w ~ t h  Microscopic Structure of Large e 
8 

@ - Circulation Research, Vol. 21, pp. 901-918, 1967 3 @ 

& - ABsTacT: The  wdia of eight regloni of the aorta and three of the pulmpiarv ar- 
- tery O f  dogs, as well as isolated e la s t in ,  collagen, and ~ ~ 0 t h  muscle o b t a , n s ~  - from vascular and ather sources, were subjected t n  a itep-funcfjon j rcunferen- - t i a l  stretcn a t  a variety of temperatures between 0' and 7 Q 0 c .  T ~ E  iensrcr rose - to a peak SYncnronously with tne stretch and then f e l l  alopg a n  essent ia l ly  7 exponential course to a steady tension. Suitable use of the oeak t-nsioq, t h e  k 3 steady-state tension, and the t i w  required to go from peak t c  stczdy s t a t e ,  sLIF- 
- plied temperature-dependent parameters (one viscous and bc e l a s t i c )  char- .- ac te r i s t l c  of tne material. The two crystall ine p o i y m e ~ ,  coll iaan and spoo:i, - 

' lad higher constanti a t  1~ temperat~res ,  and the a ~ r ~ ~ ~ u ~  poivarr ,  L 

? e l a s f i n ,  had hlllher constants a t  h i g h  tenperaturei. Collagen dlffercd frcn jml-,,; k 
-- muscle i t s  Inertness to aut0nO~lc drugs and in i t s  elastic modulur. ~ ~ - ~ ~ t  3 

arteries stretched sl ightly ( 2 4  to 20';) in tqe presence of phenylepnrlne b ? h s j k r  C 
l ike ~ ~ ~ 0 t h  muscle; arteries stretched m r e  ( 2 3 %  t o  i O Y )  beb2vi.i. l ike  c l a i i l r r =  ~t 

a both Strain 7evels, the tensions developed were comoatlble with in v l v 9  c r 2 ~ 5 ~ ~ ~ ~ ,  - 
‘ Arteries stretched even more ( 7 1 0 0 ~ ~ )  to tensions compat~t le  ~ 7 t h  preslLlrei $., a$ 

- 300 Hg, behaved like collagen. : d 
3 - - x : s  

- 
rC - - E. 
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- AFTER,  Jui  . a  T .  and Marquez, Elsa - Q 
T corrk1atior of \ ' j~co-E la : t i c  Prooer t ies  of Laroe Ar te r i e s  w i t h  M i c r o s c o ~ i c  
- s t r u c t u r e - -  / .E f fec t s  of Sinusoidal Forc , igs  a t  Low and a t  Resonance Frequencies 
-- 

6 - - - Circu lz t i c r  Research, 22, 393-403, 1968 
a - 

-- 
"- I . ; Abstract:  Ijjne ao r t a s  from recen t ly  k i l l ? ?  ~ D ~ J S  were sec t ioned i n t o  21 o r  more 

ring segme".s s ~ p 5 ~ , : e d  hor i zon ta l ly  or1 i..? h o ~ k s  i n  Ringer ' s  s o l u t i o n .  

4bsol ute djnaml c modul us ,  s tor3ge mol:~llus, l o s s  modulus phase s h i f t ,  
- c- 

I 0 - and loss  angle i-p2sLired from b t r e s s - s t r l a n  l ' . l l , r)~ compared favorably with 63 1 
0 - s i n i i l  a r  qea jurei;9nts p u b 1  isned f o r  o t h e r  v i m - e l a s t i c  materials and with 0 

' 0  viscous and el a s t i  c  constants  obtained f r 3 ~  s t r e s s - r e 1  axat ion ex~er l f l i en t s  on . - 6 
- -- aor t a .  =4 . l I t 

3 .  
:- \ 

visco-e las t  jci ty , muscle, el  a c t i n ,  c o l l  agr.7, dog a o r t a ,  s to rage  modulus 1 resonance 
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nce of  L iv ing  Lungs Before and A f t 2 r  Per fus ion  
Q Journa l  of 3 i a c e c n a n i c s ,  Yol. 3 ,  Yo. 1 ,  pp, 77-85, 1970 e * 

A b s t r a c t :  In s l  tu lungs o f  l i v i n g ,  a n e s t h e t i z e  J dogs were e w o s e d  t o  adequa te  -- (r I 

v e n t i l a t o r y  ccndi t i o n s  between s h o r t  exposures :o t e s t  condi t ions  f o r  measuring- @ 
some dynamic p r o p e r t i e s  o f  t h e  lungs .  These p r s p e r t i e s  inc lude  dynamic com- 3 O 

--- p l i a n c e  as a func t ion  of  r e s p i r a t o r y  c y c l e  f r e q ~ e n c y  and o f  s t r o k e  ( o r  t i d a l )  Z. c 
v o l u m  w l t h  t h e  lung  t i s s u e  i n  var ious  s t a g e s  c f  pre-  and posr -per fus lon  con- - 

d l  t i o n s .  Between t e s t  exposures ,  v e n t i  l a t i 6  1 W ~ S  maintained i r i i h  a r e s p ~  ra -  - c-  
r a t e  o f  0-4 d z  and a s t r o h e  vol uine of  399 "1. T e s t  exposures f o r  con- ; '' 

p u t i n g  dynamic com;liance as  a func t ion  o- t r e r ~ e n c y  were a t:dal l:olume o f  - t i  
100 nil and r 3 t e s  f r o n  0-04 riz t o  0-9 P z  " L  a t l d a l  vcluce c f  100 151, t h e  - C J  I '  
lungs behavrd l i n e a r l y ,  g i v i n g  a s i n u s c 1 . ~ 1  p r e s s u r e  o u t p u t  t~ a s i n u i o i d a i  

.- -& v o l u m  i n p u t .  Tss t  exposures  f o r  f i n d i n s  t : . ~  p ~ e s s u r e - v o i  u~ia re: a t : o ~ i n l p  
were per for r  ed  a t  a c y c l e  frequency of 0-4 Hz w i t h  s t r o k e  vciurres from 5G ril : C' - 
t o  500 mi. r i s t o l o g i c a l l y  v e r i f i e d  pulmonary t l s s u e  chanses fc i iowed steads/ -- g . 
( n o n - p u l s a t ' i e )  p u l s o n a r j  a r t e r y  p e r f u s i o n  w l t l i  whole blood f o r  two hours .  -- - 0 
T h e v i s c o - ~ . , a s t i c p r o p e r t i e s w e r e  a f u n c t i o n c f  t h e  c o n d ~ t i o ~ o f t h e  l i v i n g  f t  

t i s s u e .  - f2 
Because 17e d j n a r i c  comoliance was a f u r c t i o n  only ~f f re r sency  o r  2 f  

f 
V O ~ U W  o r  0' condition c f  t n e  1 ung, t n e r e  was nq h y s t e r e s i s  .: tnese - 

9 - ' --..i- -,., -- - ----- - - - ------ --- .. 
_ C4 - - -  - C Q  k? < R  

3 
' . -3, - - 2  ; = .  --- A - - - - -  - -> - 7  .s c < J  - - - - - - -- a: t' 
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l i m c e  of  L iv ing  Lungs Before and A f t e r  P e r f u s i c n  

2 -2 
Y 

i c r e c h a n i c s ,  l 'o i .  3 ,  ido. 1 ,  pp. 77-d5, 1970 
1 3 1  r 
Z -- - 

A b s t r a c t  (con i n u e d ) :  They were r e v e r s i b l e ,  r e p r o d u c i b l e ,  re5:onsive t o  r. ) I 

v e r i f i e d  chan les  i n  p u l s a n a r j  t i s s u e  and we e c o n i l s t e n t  u n t h  i a n t e r j o r a r y  .. w t n o d s  f o r  t i s t i n ?  c r i c -  i :s :oelast ;c  s v i i -  :. The t e s t s  t h e n e i v a s  d i d  no: 

tr 

r i ry t l j i d ?  p , - o ~ e r t i e s  nor  i n t ? r t e r ?  u l t h  t n e  gai-ious ehcnangE 
3 

I e I .  i ~ ~ e r e i o r e ,  t h e  t e s t s  : .oui i  b e  adapted  - o r  ci1n'i:al 
.:I 

miasurernents ~f p u l ~ ~ o ~ l a r - y  aechani  c s .  
- i 
% 

:- e - 
- e - 
( b  
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. T  Arnold, G .  and Worthmann, W. 
- -  

Mechanical Recovery Proper t ies  of Human Tendons 
- Exper ient ia  28:455-6, April , 1972 
1 

3. , 
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@ - A Physical Model f o r  Muscular Behavior 51 

, - Biophysics 3. Yol. 10 ,  539-555, 1970 ;I. , - -y 

-I' ABSTRACT: A model f o r  muscular behavior has been developed by a gene ra l i za t ion  :' ' - '9-0 
- of t h e  1 aws governing the  viscoel  a s t i c  behavior of polymeric ma te r i a l s .  The . - 
. model simulates events thought t o  take place during s t r e t c h  loading,  and stirnula-: a 
-i t ion  of muscle, wliether s m o t h  o r  s t r i a t e d .  The equations of  motion were solved I o -2 with an analog computer f o r  severa l  types of per turbat ion and s t r e s s ,  s t r a i n ,  and-  Q -- - -4 s t r a i n - r a t e  curves were generated. Model paramzters were se l ec ted  by f i t t i n g  - 

9 - 1  + experimental s t r e s s -  re laxat ion data.  The r e s u l t i n g  equations p red ic t ed  the  - /- 
e 1 frequency dependence of dynamic m d u l u s  and phase angle wi th in  e x p e r i m n t a l  error- , ,  '- - With appropri a t e  boundary condi t ions  and s u i t a b l e  values f o r  model parameters,  @ -: B, 

the  computed r e s u l t s  a l s o  c lose ly  resenbled exper immtal  curves of  con t rac t ion  O 
--- veloci ty  vs time, i sometr ic  tens ion development vs. t ime, fo rce -ve loc i ty  curves ,  'Q , ' 

' and ternperature- tension re1 a t i o n s ~ ~ i p s .  These r e s u l t s  c a l l  a t t e n t i o n  t o  tile re- ; . 
@ :- lat ionsri ip between t h e  behavior o f  various kinds of muscle and open t h e  way f o r  - 

- q u a r , t i  fy ing muscular behavior in  general .  - tB L. 
--- '1 

, ? 



- --.. .& - --. - - - l.d . 
--h 

. -  - -- - - -  ---  
- - --.I_. --_ - _. 

- - - ---- - .  - - ---- -- -- - -_ 
, (C9 - - - - - - - _ _  .- -bze- 

APT@,  J u l i a  T.  and Mason, F a t r i c i a  :- 1 

'i 

I a - l  Dynamic Mechanics 1 P r o p e r t i e s  3 f  Na,qma] j a n  ureteral Muscle (I i 
Am. J .  P h y s i o l .  221 (1 j :  266-272. 1971 G 

0 . :  @ 
-7 & :- e  

Ab5t'3~:: T h i s  Study invDS a d e s c r i p t i o n  and measuremerti o f  the mechanicLl --- 
- e ., properties o f  u r e t e r s  i s o l a t e d  f rom a n e s t h e t i z e d  dogs i,d calves, in particular 

- - 1  the resrmnse t o  S t ? ~ - f U n C t l o n  and sinusoldai iy c;c,ilatinS strains. A 
- s t e c - f u r c t l o n  e x t e n s i o n  i t r z i n  o f  a s t r i p  o f  t h e  u re te r  w a s  accomDaniad by a . - (B 

rise in s t r e s s  . lh ich  f e l l  a l ong  an e s s e n t i a l l )  exi ,oent ia,  crdrse I . re'axction) t o  be f o l l @ ! e d  by a i i n g l e  o r  by repeated picontractluns, 
deoending C - ' : On ionic i n v i r o n ~ l e n t ,  and s t r a i n  l e v e l  

,-inllsoidaliy - a -: - Itrain bras accompanied by an c i c i l i a t i n g  s t r e s s  vhlch q;net,;oes led i r i  for  
inert v i s c o e 1 3 ~ t i c  m l t e r i a i )  and ~ ~ m e t i ~ e s  l acSec  ,,r c r p  cle) ,,d the - 18 

- Itrai" ddeee l l nn  on n p -  ~ ~ c l l i a t - o n  f requency.  :e ao,jj:,On, r t r e s z ,  thoogh -- 
(0 

0S~i11atln!3, was  n o n l i r e a r  s i n c e  i t  was n o t   sinus^.^^^ eycept  for _ 
strains and a t  f r e 9 u e l c l e s  h l  yhe r  than ,8 'ii Quanti f j c a t  on of  t h e s e  data +G - (5 

- system Parameter5 Liar ~ C C O ~ D ~  I s l e d  by r e f e r r i n g  to a ii,fi:lified, ,deG1,zed 
-- 8 - @ physical system *h ick  resocnds t o  s i m i l a r  s t r a i n s  ~ 7 t h  s,n,i lar Jehavior; - - that w i t h  r e c o n t r j c t i o n .   base leads,  phage l a g s ,  aria 

thds - - - 
8 

s t r o n g l y  resemb l i ng  u t - e t e r a l  specimens. -- 0 
% :- @ ' 

v i s c o e l a i t i c i t y ;  ~ " o o - h  muscle;  muscular p r o p e r t i e s  
- -  L -  _ . _ _ -  --- c - - -  
b - -- . i-  - h 

- -- -- * : (4 - - -  , -- - -- - - - -- 
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r- - ATTINGLR, Francoi5r , I ,  : pe te rson ,  i y s l e  H. and Gooren Louii & 

"; @ 
- Geomtry of t h e  Main D s t r i b u t i n g  Arteries 2 -  @ 

: Fed. Proc. 25, ,-,.5og, b i t r a c t  &1:5091965 
- - 0 ,  

- j ABSTRACT PAPER The o b j e c t i v e  of t h i s  s t u d y  bds 10 

in viva of th, aorta and of  t $ e  main d i s t r '  u.-;~c a r t e r i e s .  Suc'l @ 

ation , i  O f  
irportanCe for an adeguate C e i c r i p f l O l  '' J ~ Y ~ ~ ~ ~ ~  prapErtles Q $ -- 

of the arterial syste,, as  ,,ell is + o r  tne  de:ermlnatlOr if t pe  vascuiar iTre'a''rf' 

- -  in 
O f  the recent . atbeTdtl c a i  Tcdel  s o f  t h e  c a r o  2 ~ 3 -  ;u jar  sysie7 ' ' '" I 

-- , been 
asiuled that  t h e  r e l a t i v e  t h l c k n e i i  o f  t h e  w a l l  ' h  -iioect to radius 6 

remains in 
1 tie rr:qr a r t e r i  t s .  I n  o rd ry  '1 t s i t  t h i s  ass'nc 

- 0 
: 

the vessels 
fros 7 door were f i x e d  i n  the ' -  - ' n ~ l ! E .  geowtrY tnd Q 

measured for rad ius  and i.iill t n i c k n e s s :  a o r t a  a t  8 sites '9- the root  F' the 
-. bifurcatlor, carotid, jJx,..w -91eqt:t-~c, r ena l  and fs.3 ar ter ies .  ' Q 

: found that in 
r i g  . j  t o  ,,ail m ~ c k n e s s  -a. 1: increases 9 

- 
from 5.35 a t  .qe root  13 

7 7 ;  ar;.E t he  r;qai, t*er  r icb*ea:es t o  6.Zi a' @ 
) b i fU rCa t lOn  The resu,ti for t i e  c a r o t i d  were 3.39, f~ k + i  nesenteric i.587 for ; 

t h e  r e n a l  2 . 2 3 ,  and f o r  t h e  feaoral 4 . 7 3 '  F e  - - - -  supported by grants UlPHS HE 07762 and I - O N R  551 1 
';r 
; e \  
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-- -- ----- - , 1 1  / 1 " 4 , 1 , :  > t A r n d t ,  J .  9. , S t e g a l l ,  H. F. and H. J. Wicke 

- Mechanics o f  t h e  A o r t a  i n  V i v o  - * a  
- C i r c u l a t i o n  aesearch, Vol.  28, pp. 693-703, 1971 - : e 

: - ABSTRACT: Tile l i y d r a u l i c  p r o p e r t i e s  of t h e  unexposed t h o r a c i c  a o r t a  were s t u d i e d  i n  
a - f i v e  c a t s  by a n g ~ o g r a p h y .  Repeated m a s u r e m n t s  o f  o r e s s u r e  and d i a m t e r  were 

: o b t a i n e d  a t  v a r i o u s  d is tances  from t h e  a o r t i c  r o o t ,  and i t  became obv ious  t h a t  t h e  
- '  - unexposed a o r t a  i n  c a t s  was more than  b ~ i c e  as d i s t e n s i b l e  as t h e  exposed a o r t a .  - 0 
I Diameter  o f  t n e  a o r t i c  r o o t ,  f o r  example, v a r i e d  by  abou t  20% o v e r  a  p h y s i o l o g i c  - - 0 
. - p u l s e  p r e s s u r e  (40  mm Hg); even i n  t n e  l o w e r  t h o r a c i c  a o r t a  v a r i a t i o n s  exceeded 
- 15%. r l~ len  p l o t t e d  as a  f u n c t i o n  of d i s t a n c e  from t h e  r o o t ,  a o r t i c  d i a m e t e r  and - d i s t e n s i b i l i  t y  " 0 t h  decreased, and t n e  c a l c u l a t e d  impedance inc reased .  D e s p i t e  0 

these  changes, nowever, t h e  c a l c u l a t e d  r e f l e c t i o n  c o e f f i c i e n t s  were q u i t e  s m a l l .  - @ 
I It was concluded t h a t  g e o m t r r c  and e l a s t i c  inhomogene i t ies  i n  t h e  t h o r a c i c  a o r t a  -- 

(, - I t e n d  t o  ba lance  one ano tner ,  k e e p i n g  t h e  r e f l e c t i o n  c o e f f i c i e n t  q u i t e  low and - - a 
- h e l p i n g  t o  "decouple"  t h e  o s c i l l a t o r y  l e f t  v e n t r i c u l a r  pump f r o m  t h e  s t a t i c  p e r i -  

a .: p h e r a l  v a s c u l a t u r e .  S ince t h e  a o r t i c  p u l s e  c o n t o u r  i s  r e f l e c t i o n - f r e e  d u r i n g  t n e  - 

A f i r s t  50 msec f o l l o w i n g  t h e  onse t  o f  v e n t r i c u l a r  e j e c t i o n ,  i t  may r e l i a b l y  i n d i -  - < ' c a t e  l e f t  v e n t r i c u l a r  p r o p e r t i e s  and t h e i r  changes w i r h  s t r e s s .  I n  s e v e r a l  an ima ls  0 
-2 n o r e p i n e p h r i n e  i n f u s i o n  was used t o  e l e v a t e  t h e  a o r t i c  Pressure  t o  h y p e r t e n s i v e  e 
: l e v e l s .  When compared t o  h y p e r t e n s i o n  induced  by c a r o t i d  r e f l e x  s t i m u l a t i o n  o r  . . 

- inechanical o c c l u s i o n  o f  the  a o r t a ,  however, a o r t i c  w a l l  p r o p e r t i e s  were e s s e n t i a l l y  . - t h e 3 s a m  s u g g e s t i n g  t h a t  t h i s  agen t  has no i m p o r t a n t  d i r e c t  e f f e c t  on t h e  a o r t i c  w a l l .  
-.--- - -- - 1  - 1  - I  I C  
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d 1 A r n t z e n i u s  , A .  C . ,  Koops , J . ,  Rodr igo ,  F.A., E lsbach,  H. and van B r u m e l e n ,  A.G.W. 
T C i r c u l a t o r y  E f f e c t s  o f  Body A c c e l e r a t i o n  G iven  Synchronous ly  w i t h  t h e  H e a r t  B e a t  - - - - (BASH) e 01 

B a l l  i s t o c a r d i o g r a p h  and C a r d i o v a s c u l a r .  26: 180-187, 1970 -:> a 1 . I - 
-3 A b s t r a c t : T h e  b a l l  i s t i o c a r d i o g r a m  d e m m s t r a t e s  t h a t  e j e c t i o n  o f  b l o o d  f r o m  t h e  f 

l e f t  v e n t r i c l e  i n t o  t h e  ascending a o r t a  produces a  r e c o i l  d i s p l a c e m e n t  o f  t h e  • 
- 1  e n t i r e  body i n  an o p p o s i t e  d i r e c t i o n .  I t  can be reasoned f rom t h i s  o b s e r v a t i o ~  
c=i t h a t  by  a p p l y i n g  a c c e l e r a t i o n  t o  t h e  body a t  a  p r o p i t i o u s  t i m e  i n  t h e  h e a r t  

c 
c y c l e ,  one m i g h t  a c t u a l l y  enhance t h i s  f l o w  o f  b l o o d  f rom t h e  l e f t  v e n t r i c l e  - 

- a 

-, t o  t h e  a o r t a .  Two s e r i e s  o f  exper iments  on  t h e  e f f e c t s  o f  Body a c c e l e r a t i o n  1 i 

0 g i v e n  Synchrot ious ly  w i t h  t h e  H e a r t  b e a t  an c i r c u l a t i o n  a r e  d e s c r i b e d .  The :- t 
-. # 

- 
f i r s t  s e r i e s  employed a  m e c h a n i c a l  hydrodynamic model , t h e  second s e r i e s  o f  : a !  
exper iments  were c a r r i e d  o u t  w i t h  a n a e s t h e t i z e d  p i g l e t s .  

- 
I . .  / 
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ATTINGER, F.M.  - @ 
Some Problems Concern ing t h e  A n a l y s i s  o f  t h e  Mechanical P r o p e r t i e s  o f  t h e  gr . 
B l o o d  Vessel Wall  @ 

- D o c t o r a l  D i s s e r t a t i o n ,  U n i v e r s i t y  o f  Pennsylvania,  1964 Q 
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2 Augens te in ,  D.C., S inskey,  A. J. and Wang, D.1 .C. 
gr -, E f f e c t  o f  Shear on t h e  Death o f  Two S t r a i n s  o f  Mammalian T i s s u e  C e l l s  @ 

a B i o t e c h n o l o g y  and B ioeng ineer ing ,Vo l  13, 409-418, 1971 t - 
-2 - 6 

A b s t r a c t :  T h i s  s t u d y  r e p o r t s  some f i n d i n g s  on t h e  dea th  o f  mammalian cel l :  (D 
o c c u r r i n g  f r o m  f 1  u i d  dynamic e f f e c t s  when t h e y  a r e  pumped t h r o u g h  c a p i l i  ar.1 es . 

- 1  The c e l l  s t r a i n s  used were human HeLaS3 and mouse LY29, grown i r ?  monolaye:. 
- 6 

c u l t u r e .  C e l l s  were h a r v e s t e d  and suspensions were pumped t h r c u g h  v a r i o u s  s 
0 - 2  l e n g t h s  and d iamete rs  o f  s t a i n l e s s  s t e e l  c a p i l l a r y  t u b i n g .  V i a b i l i t y  o f  t h e  c: 

c e l l s  was assayed by t h e  dye e x c i u s i o r i  t e s t .  C e l l s  dea ths  o c c u r r e d  and c o u l d  be - @ 
c o r r e l a t e d  w i t h  e i t h e r  average w a l l  shear  o r  power d i s s i p a t i o n  w i t h i n  t h e  43 

1 - c a p i l l a r y  t u b e .  L929 c e l l s  were found t o  b e  more s e n s i t i v e  t h a n  HeLaS3 c e i  I s  
-- 69 a t  a l l  shear  r a t e s  t e s t e d .  .-A i ;. 4 88 , I 
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- ATTIIIGER, F ra rco ise ,  :?.L . -  - 
Two-Dimensionai i n - i i i t r o  S tud ies  o f  Femoral A r t e r i a l  Wa l l s  o f  t h e  Dog @' 1 

i?Ia -7 C i m ~ l a t i c ?  Research, 22, 829 -840,1968 - 
: 

5 A b s t r a c t :  5na:yses c C  th? vascu la r  system have c h a n a c t e r i s t i c a l l y  been based on :--@- 
a s s ~ r ~ t i o n s  t h a t  t h e  vessel w a l l  i s  i s o t r o p i c  and :hat i t s  p r o p e r t i e s  and be- - 8 ;  

: h a v i o r  can be l i n e a r i z e d .  To t e s t  t h e  v a l i d i t y  o f  ~ h e s e  assuinptions, exc ised  - -  • 
- a r t e r i e s  o f  dogs \ ,ere susrn i t ted t o  s tepwise s t r a i n ;  t a n g e n t i a l l y  and l o n g i t u d i n a l y  - 

d u r i n g  c o n d i t i o n s  o f  c o n t r o l  , v a s o c o n s t r i c t i o n ,  a n l  i n h i b i t i o n  o f  muscle metabo- 
1  ism. These s t r a i c s  \ /e re  recordeo s imu l taneous ly  w i t h  t h e  assoc ia ted  s t r e s s ,  . 8 

-- and t h e  r e l a t ~ o n s  between s t r e s s  and s t r a i n  were ::~died d u r i n g  bo th  dynamic-and - c- 
s t ~ a d y - s t r a i n  s t a r e s .  The vessels  were a n i s o t r o p i c  w i t h i n  most o f  t h e  p h y s i c l o g i c a l  o 

- ranges o f  t a n g e n t i a l  and l o n g i t u d i n a l  s t r e s s  and s t r a i n .  Dur ing  c o n t r o l  c o n d i t i o n s  0 
t h e  t a n g e n t i a l  r l o l l , '  JS c' e l a s t i c i t y  was h i g t ~ r r ,  th;n ;he l o n g i t u d i n a l  ;du r ing  

: v a s o c o n s t r ~ c t ~ o n  t k e  s i t l i a t i o n  v,as revers?.' f u r  w a i l  tens ions  corresponding t o  a  0 

; b l o o d  pressue ef ua l  t o  o r  n a l l e r  than  190 mn- Y q ;  however, above t h i s  va lue  @ - i s o t r o p i c  behav o r  3revai  l e d .  \ J a s o c o n s t r i c t i o ~ ~  inc reased  t h e  n o n l i n e a r i t y  of t h e  8 
s t r e s s - s t r a i n  r?l  a t i c ? ,  sl;d decreased t h e  rr,odul us o f  e l a s t i c i t y  o f  t he  a r t e r i a l  8 
w a l l .  The v i s c o > l a s t i c  p r o p e r t i e s  o f  t h e  femoral  a r t e v y  were found t o  be d i f f e r -  

- i 
- e n t  t a n g e n t i z l :  and l o r q i t u d i r a l l y ,  as evidenced b i t  a much l a r g e r  amount of =- 

S s t r e s s  r e l a x a t i  - i n  the fo rper  d i r e c t i o n  than  iu the  l a t t e r .  - -  @ - 
i -  e 
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:I> 4 .= BAuER, R.D. an(: Pasch, Th, Wet te re r ,  E. i+ i 
T h e o r e t i c a l  S t ~ d i e s  on the  Human A r t e r i a l  P ressy re  and Flow Pulse b y  Means of a  

' 

J 
:- e -- ,:. I 

C 

- 3 
i 

e  ar te r .3 '  sys'ern i s  descr ibed .  I t  c o n s i s t s  j 
ranged ~n s t v i  >s.  Usi nq s  dl:i t a l  computer 2 I 

l s e s  a r e  c o - x . e a  a t  c 2 r t a i n  s i t e s  o f  t h e  0 
e  wave r c s + ~ o l - n g  t h e  f low o ~ l s e  i n  t h e  
e p e r f o )  as,urning b o t h  unaamped wave c- 

i 
i n  frequen::/-r~ependent damping, a r e  

- C I  1 damping. ~q e i c h  o f  tnese assumptions, r e a l  a 
- -  8 ! 

Coppged an0 q ~ t ~ r ~ 1  ~ ! I ? S F ? S  ci;rresrcnd w e l l ,  i , ,  s r t i c u l a r  w i t h  r e s p e ~ t  t o  t h e  . @ 
2 

0 - p r o r i l e s  c f  the  ; rEssj rs  2 ~ 1  s o * .  Tqerefore,  t h e  r;ael ~ e r i i l l  t~ US t o  c l a r i f y  t h e  8 
o f  t h e  c o n r ~ ~ i r s  of human a r t e r i a l  pu lses .  e 

damping t h ~  p u l s e  contours,  as w e l l  as T 0 
on t h e  i n p u t   med dance 1s .demonstrated. $re- 

G- @ ! 
@ * ;  

- , -- - - - - -' -----,---- - , ' ? a  .' - -- 
) < I  I )  I I ,  i r  1 

.-A - - - -  A I 





--..I-- 

I '  . 
I - - * -  0 0 _ _ _ _ _  _ _  - - -  - - - - - - -  

, i I i - ~ - - - - - -  
'- 

, - 3  -- a - --,- - --I ! 0 ,  
--A - - - . *  b 
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a c t i 1 i t J '  1. The Force-Ve loc i t y  R e l a t i o n s h i p  as an Index o f  Contrac- 

V O ~ .  9, pp. 431-437, March 1972 

? ABSTRACT Force v e l o c i t y  r e l a t i o n s  were s t u d i e d  i n  v e s i c a l  muscle i s o l a t e d  I;. - 
@ -? the guinea p ig .  The in f luence  o f  f o r c e  ( P )  and i n i t i a l  muscle l e n g t h  ( L ~ )  

f ,  On the v e l o c i t y  of shor ten ing  ( v )  Were observed. AS reen i n  s k e l e t a l  and c a r d i a c  .f- 
--J muscle an inverse  r e l a t i o n s h i p  e x i s t s  between force and v e l o c i t y .  ~~~~~~i~~ *- a -5 i n i t i a l  l e n g t h  enhanced a ]  1 aspects of  the  f o r c e - v e l ~ c i t ~  r e l a f i o n s h i p  l e a d i n g  5 C. 

t o  g rea te r  maximal v e l o c i f y  (Vmax), v e l o c i t y  a t  a l l  l e v e l s  o f  force, maximal $ 2 -  0 I 

a v i  force {Po), r a t e  o f  development of force ( d p / d t ) ,  peak power, peak work, and "i 1 2 .  . '2 -7 e x t e n t  o f  snor ten ing  o f  muscle f i b e r s  (AL) . The ti.: requ i  r e d  f o r  the  contrac-  - 
- I tion @ peak t@ns lon  was n o t  i n f l u e n c e d  by i n i t i a l  l eng th ,  The s ign i f i cance  7- 5 Of the force-ve loc l  t y  ~ l a t i o n s l ~ ~ p  as an index  o f  c o n t r a c t i l i t y  i s  dipcussed, 

, as are i t s  l m ~ l i c a t i o n ~  i n  the dynamics o f  m i c t u r i t i o n  i n  humans. -> 
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. The v i s c o - e l a s t i c  p r o p e r t i e s  of t h e  a r t e r i a l  wall. &- 1 
Thesis. Univ. of London. 1960. - - g-y ;- Q j 
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* - Bergel, iterek H . ,  and Milnor William R. 
- Pul~onary Vascular Impedance in the Dog 
-: Circulation Research, 'vol. XVI, No. 5 ,  p ~ .  401-415, 1965 - 

2 -  0 ,  
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Blanton, F a t r i c  a L .  a n d  Biggs, iiorman L. 
Ci. 

I:'> * Tensi Strengtn o l Fetll  and Adult suns;, Tendons $ 
f B i o i n  chanicr , 0 1 .  3 ,  iio, 2 ,  pp, 181. 189. 1970 !;!.,  i - 

!;I- @ 
-- - f hum{,  L.ndo~s *!ere detepnined lii t h  -. 0 , 

: d d u l t  p v  f e t a l ;  'l~ba]med or unem-  1 .  9 
1 inh; associated with extensor .;. 

- 0 her wide rznge of :en.;ile strength, resul ted 
2 i S  in this  s t idy w ' ; , ,  ton:; iderabie  overl app ing  

. . 
,r .. (, 
. . 

? h 2 i l a n  tendon f r c s  bctr, i , i u l t  a n d  fete1 sources O b r ; i ~ i n ~ .  i io s i ~ n i  fjr-nr , : i f f 2 r e n c e  :uos ,Dbserved 
0 tnS @ f  iendjflj , f r o 3  the ~ L ~ ~ e ~ i o r  lji;b ad tile i n f e r io r  

ience ;.as observed t h e  t e l l s i ? e  ctrengths of -- . 
- 8 XOr muscles and c,ytm- It- -*tier in t h e  fetus. A - 

in tensi le  strenghtr ~f tendons of tilere bo t- .  • I - 
the adult,  those tenor. 1s a;socjated w j  t h  extensor' ; reater  tensilo strength. '21- Q : 

L . ,  --- fe ta l  tendons appeared t c  ,e somewhat leis t h a n  t h a t  is  , 
C 

. . 
. --. ---- 

,: , , . -' , ..,,,, .,] ,-':- ,.? -" . . ',- ,:., r- ! I c .  -.T-----.-,---y.-~ .'.-!,'I!_':!Ac.:' ',?':in" (7 
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. -; -- i - 
a -: ABSTRACT: The experimnts r e ~ o r t e d  in this paper wen intended: (1 )  t o  measure . i 
- pul~onary vascui a r  inpedance i n  the anestnetized oog, using Fourier analysis of : , 
i - phasic pressure a n d  iiow rneasurewnts, ( 2 )  to  assess :he l inear i ty  mf the pulmonary - .  • 1 
-i bed b;i neasuring inpedance while the heart r a t e ,  and hence the pulsatile input 4- I 

--- --f to t!ie bed, was varied, and ( 3 )  to  determine the e f fec t  of pulmonary vasoconstric- - 
. 

a - 1  ticn on impedance, ~ s i n s  5-nydroxytryptamine (seroton4n) as the vaswonstrictor. 
' , : .  

Pulnonary vascular nydl-aulic i n p u t  impedance was rr-.tsiired in 13 anesthetized open- .. 8 
- cnei t  dogs with nornal ,sinus rhythm, a n d  2 dogs with surgical ly  i n d ~ e d  atr io-  :: 
-; ventricular block, by neans o f  electromagnetic f13ia:lrs and s t r a i r  gauge nano- a e ..: 
. riilters of knowll fregticricy response. Tne linearit11 of t he  pulmonary bed was - - .  - . a .  

O -- 1 evaluated by measu:.ing impedance w b i i e  the heur* rdte ,  and hence tk pulsat i le  - .  

{ input to the bed, vas varied. 
," @ 

.- 

. . 

0 ,- . Tne pulmonary bed benaved as a quasi-linear syste!n within the Iimi t s  of the , $ 
? experinznt. The p :t;tern o f  tne impedance spectrum suggef ted that  v f lec t ions  

-- @ -. originating from a t e r i e s  1.0 mn a n d  ten i n  d i a w t e r  olay a large rple i n  deter- 
- 

Q 
-2 mining i " p u t  irnged m e  and i t s  variations with frequency. Vasoconstriction caused 
2 by any means incre :sed wave reflection. 

I .  0 
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6 .-{ a e r k l e y  , Dav id  A. . . ,  

0 -- i n f l u e n c e  o f  I n t r a o c u l a r  Pressure  on Corneal  F l u i d  Pressure ,  T i s s u e  S t r e s s  and j. ' -- Th ickness  
..'_ Exp. Eye Res., Vol.  11, pp. 132-139, 1971 :,- @ . -- a -2 ; g ,  
-: ABSTRACT: I n  t h i s  paper  a  s i m p l e  i d e a l i z e d  model i s  d e f i n e d  f o r  t h e  mechanica l  : .  @ 
l -7 s t r u c t u r e  o f  t h e  cornea o f  a  m m n a l i a n  eye. The m d e l  c o n s i s t s  o f  t h i n  a n t e r i o ~  6 -5 ( e p i  t h e 1  i u m  and Boiiman's zone) and p o s t e r i o r  (Descemet's merrbrane and e n d o t l l e l i u m )  
- - -  l a y e r s ,  w h i c h  form t h e  f r o n t  and back boundar ies ,  r e s p e c t i v e l y .  o f  t h e  main body - , 

l i t h e  stroma. The t h i n  boundar ies  a r e  assumed t o  be e s s e n t a i l l y  f o r c e - f r e e  w h i l e  .. 
: ' t h e  s t roma,  w h i c h  i s  cons idered  as a  m i x t u r e  of f l u i d  and t i s s u e  i s  a b l e  t o  t a k e  : C -  
l -' up f o r c e s  ( f l u i d  p ressure ,  t i s s u e  s t r e s s  ac ross  t h e  co rnea  and t e n s i o n  a l o n g  t h e  6 - - . .? cornea) .  From t h i s  model t h e  e l a s t i c  s t a t e  o f  t h e  cornea i s  s t u d i e d  f o r  v a r y i n g  

. - O -- --- - - i n t r a o c u l a r  p r e s s u r e .  A s i n p l e  e q u a t i o n  i s  d e r i v e d  t h a t  r e l a t e s  t h e  i n t r a o c u l a r  i - T B  - ! -  p ressure ,  t h e  c o r n e a l  f l u i d  p r e s s u r e  and t h e  t h i c k n e s s  o f  t h e  cornea.  I t  i i  shou:~ i a 
a'; t h a t ,  under  c e r t a i n  c o n d i t i o n s ,  an i n c r e a s e d  i n t r a o c u l a r  p r e s s u r e  leads  t o  t i s s u e  2. 

l -5 compression on t h e  p o s t e r i o r  s i d e  o f  t h e  s t roma and t i s s u e  expans ion  o f  the an- : @ ,  
a - 1 - t e r i o r s i d e .  T h i s m a y b e r e l a t e d t o o b s e r v a t i o n s s h o w i n g i n c r e a s e d s c a t t e r i n g  i * ,  

f r o m  o n l y  t h e  a n t e r i o r  h a l f  o f  t h e  r a b b i t  s t roma under  i n c r e a s e d  i n t r a o c u l a r  p r e s -  n 
sure.  I f  t h e  h i g h  i n t r a o c u l a r  p r e s s u r e  p e r s i s t s  f o r  a  l c n g  t i m e  the t h e o r y  p r e d i d i  

! -%l an i n c r e a s e  o f  t h e  co rnea l  t h i c k n e s s .  T h i s  p r e d i c t i o n  seems t o  be s u p p o r t e d  by f:. * : k r e c e n t  c l i n i c a l  e x p e r i m n t s .  .- 

. I N I ~ I I  1 3  s . . -  . @$ 1 - . - 1 ZS in r e  se2 l a  C H ;  FO 1 0 , ~ ~ ~ s  i . e , i i ~ r ~ n : ~ ~ i i , o , ~ ~ i ~ n  F I Q  f i 1 ~ ~ ~ : : 1 ~ t i a j ~ : ~ i ~ 7 ~ i 9 z ~ ~ ~ ~ e  s : e ~ n i w . ~ - i ~ ? r i o ~ r ~ a i  I 7 :  ' ! I  ' ; I  . , ,  
~, . , . . , . ,  : ( 1 ,  2-1 - I  --- ' - 
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-4 .: BERTHOZ, A .  ROBERTS,W . J .  AND ROSENTHAL, N .P. r 

Dynamic C h a r a c t e r i s t i c s  o f  S t r e t c h  Re1 ex  U s i n g  Force  I n p u t s  5 @ ,  

..: J. Neurophys io l  34:612-9, J u l  1971 ;- 0 l 
b-.- ' -i"- - e -d Abstract:(Summary) S i n u s o i d a l  changes in l e n g t h  and  t e n s i o n  were  a p p l i e d  t o  t h e  - 

l -N gastrocnemius muscles o f  d e c e r e b r a t e  c a t s  t o  compare t h e  t r a n s f e r  c h a r a c t e r i s t i c s  , between musc le  l e n g t h  and t e n s i o n  o b t a i n e d  w i t h  b o t h  t y p e s  o f  i n p u t .  The r e f l e x  
0 

a , b e h a v i o r  was s t u d i e d  as we1 1 as t h a t  o f  t h e  musc le  t i s s u e  a f t e r  i n t e r r u p t i o n  o f  - -@ 

o t h e  r e f l e x .  It was found  t h a t  w i t h i n  t h e  l i m i t  o f  mean musc le  t e n s i o n  used - < 
l -1: and w i t h  t h e  range  o f  m o d u l a t i o n  f r e q u e n c i e s  e x p l o r e d  t h e r e  i s  no o b v i o u s  d i f -  - Q -1 ference between f o r c e  and l e n g t h  i n p u t s .  The n o n l  i n e r i  t i e s  a r e  d i s c u s s e d .  2 .  @ 
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4 .  - - Bing, Oscar n .  L . ,  Matsushita, Satoru, Fanburg, Barry L. and Levine, Herbert J .  0 

5 - Rchanical Prcporties of Rat Cardiac Muscle during Experimental Hypertrophy 
1 -: Circulation Research, Vo1. 28, p p .  234-245, 1971 ' 

1 :- ' -- 
a - ABSTRACT: The mechanical properties of trabecular mllscles from the hearts of 77 
' r a t s  subjected t o  aort ic  arch constriction were conoared w i t h  those from 77 un- 
:operated and shamoperated control animals a t  1,3,7,14 and 28 days a f t e r  operation. . z Signif icant  hypertrophy, as evidenced by an increase in l e f t  ventricle t o  body 

%.weight r a t i o ,  was f i r s t  seen a t  three days ( P  < 0.02),  reached a maximum of 30 to  Q 
-: 40% by seven days ( P  <0.001),  and remained re la t ive ly  constant throughout the re- < 
-: mainder of the experiment. Depression of isotonic  snortening velocity and maximum e , isometric force of tiabecular muscles from hypertrophied hearts was f i r s t  seen a t  a 
G- seven days. Tnese changes persisted a t  14 and 28 days. When al terat ions in mus- - - -  - c l e  mechanics due t o  changes in muscle thickness were taken in to  consideration, 
-: - 

0 

- muscles from hypertrophied hearts demonstrated a depressed maximum velocity of 5 *- 
-'shortening ( P '  0.001), while development of i s o m t r i c  tension was unaltered. The . 

l a t t e r  appeared t o  be maintained a t  l eas t  in pa r t  by a prolonged contraction t i ne  - @ . 
.+as reflected by increases in the time to  peak isometric tension ( P <  0.05) and the f. . 

a -: t i ne  to  peak "unloaded" isotonic  shortening ( P <  0.001 ) .  Resting tension was in- .- . creased in trabecul a r  muscles from nypertrophied hearts. Tissue hydroxyprol ine = 
concentration was elevated with hypertrophy. The observed depression in  muscle -:- ! 

-; shortening velocity a t  l igh t  loads may be explained by a l te red  cont rac t i l e  s t a t e  i ' 9 - -  o r . h ~ i n c r e a s e d  s t i f fne s s  of the paral le l  e l a s t i c  element, -- 8 ---- - " -  
-t <ti  - 3 ,  - . e s c ~ ~ r ?  itr , :- - -  -- - 

0 -- i.L? -= i0Ii.8' i G  ~ 3 ~ . ~ 2 ' 2 ~ 3 j 1 ~ ~ : ~ 6 i i r . i  -- - - 
e e e e o * * e ~ e ~ ~ e e ~ e a i e e ~ a e e a ~ a a a a a e ~ i e e e ~ e  
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1 e - ;  rz- , 
BIRO, E . ,  Rusnakova,M. Rusnak,J. 

1 2 -  • ; ... 
R Device f o r  Measuring Isometria Contractions Mechanoelectrically 

I; , 

-b Physiol . Bohemoslov. 15:391-4, 1966 - - ,  
;3- -.- < 

-7 - @ I  

- Abstract: An apparatus and compensating method for measuring isometric contractions' 
@ is described Transducer RCA 5734 with a moving anode was used. The compensating 

@ 

@ -3 farce was obtained from a rmving coil  of a small elertmdynamic reporducer. 
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Am.Rev .Tuberculosis 79: 764-772, 1959 
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- Boerth, Robert C .  and Cove11 , James W .  z =,.. I 
-.f Mechariical Performance anc Efficiency of the Left V e n t r i c l  During Ventricular .: _ )-I' Stirulat ion 

I 

D - :: Am. J .  of Physiology 221 (6 ) :  1686-1691, 1971, 
i;i. $@ ' 

.- g. 
; -5i 

-,: Abstract: The e f fec t s  of e lec t r ica l  stimulation of the r ich t  atrium and r igh t  ; .  , 

-- ventricular outflow t r a - t  on l e f t  ventricular performance 6nd'efficency were : .  @ - :  - compared in  dogs in the i s o ~ o l  uzic l e f t  ventr ic le  in  whr ch end-diastolic volume : -2: 
- 1  . - was constaqt. During r i ~ h t  ventricular outflow-tract pacinr; there were s ign i f i -  - 

- cant decreases in peak l e f t  ventricular pressure, peaK 1 e . i ~  \lentricular ::all 0 

: s t r e s s ,  and pedk l e f t  vintr iculsr  dP/dt. Gespite 5,ese decreases, myocardial -. 0 .: cont rac t i l i ty  did not aJcear to be changed by  r i ah t  r ~ q t r i c u l a r  stimulation : -  
. -. 

. . since there was no down [srd s h i f t  of the s t ress-veloci ty relationship a t  low . 8  
-;- s t resses .  During right ventricular outflow-tract stimulat'on myocardial oxygen . @ . Z  
--- consumption ( M V O , )  was unchanged, and the efficiency of the isovo1umicaily -. 

-: contracting l e f t  5entri:le >/as decreased. I t  i s  concluded that  e lectr ical  :.. @ - 
-7 st inuiat ion of the rir;h: ventricular outflow t r ac t  prod:;es I n  abnormal pattern 8 -.-; of contraction :.:hich d.?resses the function iind e f f i c i c l ry  oT the l e f t  ventr ic le .  . 9 
-:- The mechanism of th i s  oty be  through altered ;ynchronism of f i be r  contraction I .  r) * ,- without an a l te ra t ion  O ?  myocardial inotropic s t a t e .  

- 
- -  ' 5 , .  6 
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are used, r~ 
integreied c i l l u l a r  e 1  

a c t l n t y .  BY adding ,he label t r i t i a t e d  thymi?ine aco usit 4 autoradioyaphy, 8 
. observed changes can 3 e  related to  ~ulrronary cel lc 'dr  ki i e t i c s .  The cb-  0 - * - 1  - serrat ions are a neCeisZry ireb-equisl t e  t o  understat.1-ing the control rechanisms 0 

e . of p~lnpnary c e l l s .  6 /  usin; ,11u1 t igle- label ing techniq.9: rnd by qeasuring the - - I 

- i e f fec t s  of blockade of  cel luiar ccntrol systeiis, a mola : i~ i a r  model of the lung 
- can be developed. -- O z -- - - . -  8 
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BOIS, Richard M .  
The Organization of the Contractile Apparatus of Vertebrate Smooth Muscle 
Anatomical Record, 177 ,pp 61-78, 1973 

Abstract: Smooth muscle of the small intest ine of the r a t  was fixed by vascular 
perfusion employing aldehydes in a balanced s a l t  solution, followed by immersion 
f ixat ion in aldehydes and post-osmication. In such t i s sue  preparations thick 
filaments approximating 140 A in diameter are observed in  v i r tua l ly  a l l  the 
smooth muscle ce l l s .  The thick filaments are rather uniformly dis t r ibuted 
among the more numerous thin filaments. The nearest neighbor distances between 
the thick filaments range from 400 to  700 A .  The thick t o  thin filaments ra t io  
is found t o  approximate 1 :12. Only thin filaments are  observed in  the most dis-  
t a l  segment of terminal processes of muscle ce l l s  and the t i p s  of the these 
processes appear t o  be lined by attachment plaques. A c lear  segregation of the 
thick filaments from both dense bodies and attachment plaques i s  seen. 

Oistally 

a1 ong the tapering extremities of muscl e cell  s progressively more of the pi asma 
merbrane i s  found lined by attachment plaques. These observations are inter-  

preted as strong evidence tha t  the contract i le  apparatus of the vertebrate 
smooth muscle t e l l  consists of interdigi ta t ing arrays of thick and th in  filarncnts 
collated in to  contractile units by the anchoring of the thin filaments in  dense 
bodies and a?Aachment plaques. 

Boom, H. B., Van der Rijst. E . ,  Ten Have, J. P.  
C Active Elastcity of the Isolated Rabbit Heart -: 1 Pflueger Arrh.  Vol. 314, pp. 163-4, 1970 .r :- ; ABSTRACT: In  order to evaluate the quantitative e f fec t s  of the s e r i e s  e l a s t i c  ;-* wnponent o f  heart muscle in the intact  isolated rabbit heart ,  quick vol urn . - 

- -  0 releases were effected by means of a small pump, which was driven e l ec t r i c a l l y .  
The pump was connected t o  the isolated heart by means of a r l ~ i d  cannula, l igated ; ' 
i n  the mitral opening, a f t e r  dissection of the a t r ia .  When the piston was 

dr driven from the heart, which could be effected in 2 mec ,  the ventr icular  voluw Y-C- 
was suddenly decreased. The time of piston rmvernent was derived from the ti= 

f- a o f  a r t i f i c i a l  stimulation of the heart,  a f t e r  a delay which could be controlled. r 
8 In t h i s  way it w a s  possible to examine the whole sys to l ic  phase on a repet i t ive = 

basis, the piston being driven back during diastole.  Pression a l te ra t ions  - -  :- €5 
were recorded during the systol ic  volume al terat ions.  :- ! - Pressure-vo1 ume curves were derri ved from the measured re1 ationships between 

I .  w o l m  decreases and the related pressure drops. Unlike resu l t s  found fo r  
T c  papillary u r l e ,  i t  appears that these pressure voluw curves markedly depend 
7 a on the relat ive mment i n  systole ,  a t  which they were measured. A t  a higher 
-- 

- sys to l ic  pressure the ser ies  e l a s t i c  s t i f fness  of the ventr ic le  reem to  be in- 
-- creased. :. t 

Sinre se r ies  e l a s t i c  s t i f fness  also appears t o  be dependent of the preload, 
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Boom, H. B . ,  Van der R i j s t ,  E., Ten Have, J ,  p. - I  ' A c t i v e  E l a s t i c i t y  o f  the I s o l a t e d  Rabbi t  Heart  -. ;la • 1 

1 i 

Pf lueger  Arch. Vol. 314, pp. 163-4, 1970 a , =- :,- a -- 
we examined pressure VO~UI'E r e l a t i o n s  fo r  d i f fe rent  e n d - d i a s t o l i c  ,' pressure. I t  was concluded t h a t  s y s t o l i c  s t i f f ness  decreases W i t h  increas ing - - - - pressure o r  velum, which i s  t he  reverse as would be expected from 1 

- i s o l a t e d  muscle experiments. 
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Boone, Alex W. and A1 b e r t  G. Smith - The E l a s t i c  Proper t ies  of Normal U r e t e r  

: 

'i J.Urology,73: 3,481-486,1955 
a :  
-A • -5 Abst rac t :  Phys io log ic  demands upon t h e  u r e t e r  extend beyond pass ive  ~ m d u c t i o n  r ; - ,  

. of u r i n e  fmm kidney t o  b ladder.  Whi le t h e  c h a r a c t e r i s t i c s  o f  u r e t e r a l  tone, JI- i 
" peri s t a l  s i s ,  and i nne rva t i on  derangements have been e x t e n s i v e l y  s tud ied ,  t he  ? m i  
-1 func t iona l  s i gn i f i cance  o f  u r e t e r a l  e l a s t i c i t y  has n o t  been i n v e s t i g a t e d .  We 

- 1  ;,- < 
-2 are aware o f  the  r o l e  p layed by b lood  vessel  e l a s t i c i t y  i n  hemodynamics, b u t  -- * 

-& t h e  place o f  e l a s t i c i t y  i n  u r e t e r a l  phys io logy  i s  n o t  c l e a r .  T h i s  s tudy  was ;. 

a - -- i 
designed t o  evaluate t h e  normal range o f  u r e t e r a l  e l a s t i c i t y  and c o r r e l a t e  t h e  

a - phys ica l  c h a r a c t e r i s t i c s  w i t h  t he  microscop ic  s t r u c t u r e .  - (SUMMARY) Ure te ra l  t i s s u e  ac ts  as a  b i o l o g i c  e l  astometer.  
'; The h i s t o l o g i c  c h a r a c t e r i s t i c s  o f  u r e t e r a l  e l  a s t i c  t i s s u e  have been descr ibed.  
.-. Ureteral e l a s t i c i t y  d iminishes w i t h  age, b u t  e l a s t i c  f i b e r s  a lone do n o t  account f 1 
. f o r  t h i s  cbange. - 
.; There i s  it; c o r r e l a t i o n  between age, sex o r  race  and t h e  amount o f  e l a s t i c  t issue: < 

. i d e n t i f i e d  by h i s t o l o g i c  techniques. 2 -  
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5 BOUHUYS, Arend and Karel P .  van de Woesti jne : * I  
C 

i - Mechanical consequences of ai  w a y  smooth muscle relaxation 
-- J .  Appl .physiol . 30(5): 670-676, 1971 .=. 3, -- @ ,  

- - 
- Abstract: We measured lung volumes, airway conductance (Gaw), maximum expira tory  
; flow-vol ume (MEFV) curves, i sovol ume pressure-fl ow ( IVPF) curves,  and s t a t i c  - e l  

- lung recoi l  curves in  heal thy volunteers before and a f t e r  inha la t ion  of a bron- - 0 

- chodilator drug. On t he  average, Gaw a t  50% V C  increased 34.7% GawITGY r a t i o  e 

.I increased 33.91, maximum expira tory  flow a t  50% VC 9.0%, and FEY 3 -6%. TLC, - C 
V C ,  peak expiratory flow, and s t a t i c  lung recoil  pressure did nole!hange s i g n i f i -  , i. cantly.  In a few subjects  maximum flows on IVPF curves decreased s l i g h t l y  a f t e r  - , bronchodilation. These r e s u l t s  f i t  the  hypothesis t h a t  bronchodilat ion renders - 

I la rge  airways more compressible i n  man in  vivo. This l i m i t s  flow increase  during . - ? 
- f forced expira t ion and may even r e s u l t  in decreased flows. The increased Gaw i @ 
; during panting r e f l e c t s  increased airway ca l ibe r  which r e s u l t s  from re laxat ion - @ . 

of tone when t ranssura l  s t r e s s e s  a r e  low.  Our r e s u l t s  suggest  t h a t  normal - @ '  -2 airway smooth muscle tone in  man may he1 p l a rge  airways t o  WI ths tand dynamic - 

compression during forced expira t ions .  
:- 0 I -- . -; 2. @ ' - 9 :I. + I -=. a - -  t .  b j - 

2. @ I 1 Boorsfin, J.B., Hayes, J.R. and Goldrnan, D.E. -- 1 
:- 9 ! 

Injury mechanism of in ternal  organs of  animals exposed t o  s inusoldal  v ib ra t ion .  1 . a - r krospace  Medicine 37: 22-28, 1966 -- 
-2 :- @ 

- -- -- - ABSTRACT: High speed X-ray cinematography has been used t o  determine organ motionf ' I 
i n  vibrated ca t s .  Data processing with a motion analyzer and a computer permits --< rapid analysis of X-ray photographs. Results of exoeriments a t  several  amplitudes I . 

- f  and frequencies a re  compared t o  show w a u  d i s to r t ions  due t o  heart- lung-chest  
. . - 

- I  uall in terac t ions  and frequency response c h a r a c t e r i s t i c s  associa ted  wi th  t h e  -- - -  ' 
T mans  of r e s t r a i n t  of the  animal and the way in  which the  v ibra tory  mot~on  i s  i m -  -- @ 1 

- -  e ! -* pressed. Gross and microscopic pathological s tud ies  as well a s  some chemical -- , 
determinations provide co r re l a t ion  of mechanical response and t i s s u e  damage. : 01  r i 
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by wave p r o p a g a t i o n  f i n d i n g s  9 :..-...! 

c, o r t h o t r o p i c ,  p res tessed  .I: 

r e s s  1  eve1 by t e n  i t ~ ~ r e m e n t a l  - ' " 
e  p r o p a g a t i o n  c h a r a c t e r i s t i c s  : .  @ . 
n d  i n  terms o f  t h e  t h r e e  wave - ; -- - @ I , 
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- BRADY, A .  J .  = 
- - Active S ta te  in Cardiac Muscle : 

a_--, Physiol .Rev. 48: 570-600, 1968 - 3 -  - 0 
- 
i- I -  e 
- Abstract: A quick s tretch was a subst i tute  for  allowing a muscle to  shorten 

.$ slowly against the rising tension of i t s  ser ies  e l a s t i c  component. I t  showed -- 
0 

- 1  how very early the active s t a t e  reaches i t s  fu l l  intensi ty a f t e r  a stimulus. - Q - 
This s ta r ted  a spate of experiments and speculations on the "active s t a t e " ,  not - 8 

-z! always well considered; in the end one begins to  wonder whether the term has any - q' L 

- ;; exact meaning! 3 8 
-gj * - 
.-. -- :- . 
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Brady, A.J. 
-2 

. : Mechanical Analysis o f  Cardiac C o n t r a c t i l i t y .  
21- 6 

- +-- 
a - UCLA Forum, Mea .hi. 10:139-47, 1970. ;I- • : 
- 
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BF!ADY,A. J .  
Length-Tension Rela t ions i n  Cardiac Muscle 
Am. Zoo log i s t  7:603-610, 1967 

Abst rac t :  The d i s t i n g u i s h i n g  mechanical c h a r a c t e r i s t i c s  o f  card iac  muscle are  
(1)  t h e  presence o f  a  s i g n i f i c a n t  and sometimes l a b i l e  r e s t i n g  tens ion  a t  

w I.: ; 
f u n c t i o n a l  lengths.  Cer ta in  i nve r teb ra te  s k e l e t a l  muscles a1 so possess t h i s  !3 
proper ty ,  bu t  t h e  s t r u c t u r a l  bas is  seems t o  be d i f f e r e n t  . ( 2 )  Force-vel o c i  t y  . -  ' - --- 
c h a r a c t e r i s t i c s  o f  h e a r t  muscle a re  l a b i l e  and c o n s t i t u t e  a  mechanism f o r  , : .  I .2 cw 
r e g u l a t i n g  card iac  performance. (3) Data .on q u i c k - s t r e t c h  and re lease show - i- - <. 
t h a t  t h e  a c t i v e  s t a t e  i n  hea r t  muscle i s  slow i n  i t s  onset,  probably proceding 3 
t he  development of i somet r i c  t ens ion  by o n l y  a  s h o r t  t ime. The onset o f  t h e  ac t i ve> -  
s t a t e  i s  l a b i l e  a lso ,  and probably forms t h e  bas i s  of  t h e  r e g u l a t o r y  f u n c t i o n  o f  1- 
t he  fo rce -ve loc i t y  relation.Measurements o f  heat  show a s low r a t e  o f  increase o f  '' @ 

heat du r ing  a  t w i t c h  cons is tent  w i t h  the  onset o f  c o n t r a c t i l i t y .  Fa t$ .I 
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- 1 Resp i ra t ion  Pnysio logy.  Vol. 9, pp. 356-370, 1970 31- 
CL- = -  * 

ABSTRACT: Krueger e t .  a l . ' s  hypothesis t h a t  the response o f  the lungs t o  accelera-G , t i o n  i s  a )  s i m i l a r  t o  t h a t  o f  a  f l u i d ,  b )  hav ing the same mean dens i t y ,  was d i s -  - 
- - cussed considering separa te ly  tne p h y s i c a l  bas is  of a) and b ) .  The v a l i d i t y  o f  :- @ .: a) i s  sus ta ined  by the  f a c t  t h a t  lungs (wnich by tilemselves have some f i n i t e  :- a, 

-- . -: r i g i d i t y )  a r e  enclosed by t n e  f a r  more r i g i d  chest w a l l ;  i n  t h i s  c o n d i t i o n  "shear" : Q 

suppor t ing  forces may ue n e g l i g i u l e  as they are i n  f l u i d s .  The p a r t  b)  o f  the c- G7 hypothesis i s  t ~ i e o r e t i c a l l y  untenable and was s u b s t i t u t e d  w i t h  t h e  assumption 
-1 - t n a t  tne dens i t y  o f  any n o r i  zonta l  l a y e r  o f  l u n g  i s  r e l a t e d  w i t h  t h e  corresponding ; Q 
- 1  r e c o i l ,  ( o r  tne l o c a l  transpulmonary pressure,  P )  i n  t h e  same fash ion  as i t  - - @ -- -, i s  i n  whole lungs. If the  l u n g  dens i t y  increases w i t h  v e r t i c a l  d i s tance  (h) f rom 8 
- t h e  top o f  the lung,  t h e  P-ti r e l a t i o n s h i p s  become c u r v i l i n e a r ,  condex towards the 

~ . ~ P r e ~ s ~ r e  a x i s .  The experimental P-h curves are too d i f f e r e n t  from each o t h e r  t o  . . 
- L  al low conclus ions;  a p a r t  from i t s  v a l i d i t y  the scnemi presented has the mrit o f  

% r e l a t i n g  pressure,  expansion and d e n s i t y  o f  the lur lg w i t h  h e i g h t  coheren t l y  w i t h  --- 
-:I the a s s u w t i o n s  used. These concern the phys ica l  p r o p e r t i e s  o f  the  ches t  w a l l  :. 8 
7 and the  p l e u r a l  boundary as w e l l  as those o f  the  lung.  R 6. 0 , 
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i. BRADY , A1 1 an J . 
Time and displacement dependence o f  c a r d i a c  c o n t r a c t i l i t y :  problems i n  d e f i n i n g  b'. @ ' 
t he  a c t i  v e  s t a t e  and f o r c e - v e l o c i t y  r e l a t i o n s  
I a -;:I i Fedr.Proc. 24:6, 1410-20, 1965. 
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9 a , Nonpenetrating Wounds o f  t h e  Heart, A c l i n i c a l  and experimental study -. . (: 
- I  'L Am.Heart J. 10: 293-321, 1935. ,:, 
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BUC~ER,  K. 
Besonderhei t en  des Herzens a1 s  Pumpe (I I. M i  t t e i  1  ung) (Ger) 
Helv. Phys io l .  Acta 24: 77-88, 1966 

ABSTWCT: The s t a r t i n g  p o i n t  o f  t he  present  i n v e s t i g a t i o n s  were t h e  f i n d i n g s - - i n  - 5 - I 

l s o l a t e d  hea r t  p repara t ions  of c a t s - - t h a t  a) one-sided i nc rease  o f  t h e  a o r t i c  f (D : 
res i s tance  by consecut ive ly  i nc reas ing  the  a o r t i c  p ressure  causes an i nc rease  :_ 
I n  t h e  minute ou tpu t  o f  the  opposide s ide,  i .e., r i g h t  h e a r t ,  whereas b)  onesided :-- 
increase o f  the  res i s tance  o f  t h e  A. pullnonal i s  by consecu t i ve l y  i n c r e a s i n g  the 1 
pressure i n  t he  A.pulmonalis causes a  decrease i n  t h e  minute  o u t p u t  o f  t h e  0 ,  - 
oppos i te  s ide,  i .e. ,  l e f t  hea r t .  !, @ I  

By systemat ic v a r i a t i o n  o f  t he  d i f f e r e n t  parameters i t  c o u l d  be shown t h a t  t h e  T- 
above f i n d i n g s  a re  n o t  t he  r e s u l t s  of t he  exper imental  s e t  up but ,  r a t h e r ,  must - -A m i  
be due t o  i n t r i n s i c  p r i n c i p l e s  of t he  h e a r t  i t s e l f  .(the sMnary article in a , .- z -  1 

-12 ? -  1 
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1 -: I tg , 
-i Burch,G.E. and G i l e s ,  T .D .  rf 

:. 1 .- Angle of t rac t ion  of the papi l lary muscle in normal and di la ted hearts: A theoretic;- . ; r 
- - analysis of i t s  importance in mi t r a l  valve dynamics. 

-4 Am.Heart J .  84:141-4, Ju1.1972 . r - . -: 
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I BULLER, A.J. and Lewis, D. M. ?a • I 
-? The Rate of Tension Development i n  Isometric Tetanic Contractions of Mama1 ian 7 

a . Fast and Slow Skel eta1 Muscle 

I) -]:i 
J .  Physiol. 176, pp.337-354, 1965 

id 
Abstract: (sumnary) The responses of soleus (slow) and f lexor  hal lucis  longus . 

cd ( f a s t )  P U S C ~ ~ S  of the ca t  have been examined following both r epe t i t i ve  and double: . '?I- 1 

.-j stimulaticri through the motor nerves. I*- 

Q 
- 

The maximdm r a t e  of r i s e  of tension during te tan ic  stimulation increases w l  t h  - . < 
increase o f  stimulation frequency t o  approximately 300 pulses/sec in soleus and 2,- , 
600 pulses/sec in  F . H . L .  

-1- p. / Two-stimuli experiments show tha t  the e a r l i e s t  observable separation of the  $,- , * mechanical response following two stimuli from t h a t  following one stimulus ----- 
0 -11 - - occurs a t  approximately 3.5 msec a f t e r  the beginning of contraction in  roleus 

r? 
\ ' 

- and approximat~:y 2 msec in F.H.L - .  1 Q r: . .: These resu l t s  suggest tha t  i f a  plateau of act ive s t a t e  i s  reached i n  sarcomeresr j 
,-. following a s ing le  stimulus i t s  duration i s  shor te r  than 3.5 msec in  soleus and 

2 msec in F.H.L. 
0 - 1  - 

.- 
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- B r u t s a e r t ,  D i r k  I. and Sonnenbl i c k ,  Ednund H. 
-i Force-'Jelocity-Length-Time R e l a t i o n s  o f  t h e  C c n t r a c F i l e  Elements i n  H e a r t  Muscle 
- o f  t h e  Cat  

C i r c u l a t i o n  Research, Vol .  X X I V ,  i40. 2, pp. ,137-149, 1969 

ABSTMCT: The i n s t a n t a n e o u s  f o r c e - v e l o c i t y - l c n g t h  r e l a t i o n s  o f  t h e  c o n t r a c t i l e  
e l e n e n t s  o f  t h e  c a t  p a ~ i  l l a r y  muscle have b-2r: o b t a i n e d  by  d e t e r m i n i n g  t h e  -. 

-7 pnase-p lane t r d e c t o r i e s  o f  v e l o c i t y  o f  s h o r t e n i n g  r e l a t i v e  t o  l e n g t h  d u r i n g  i s o -  - .  .@ I - 
t o n i c  c o n t r a c t i o ~ s  arid c o r r e c t i n g  theze r s c s r ? n e n t s  f o r  b e  s e r i e s  e l a s t i c  .: c 1 

- e x t e n s i o n  o u r i  nrj tr?: i ~ 0 m e t r i  c  phase o f  c m  t r d c t i o n .  Ttle i odd-extens i o n  c u r v e  
- o f  t h e  S e r i e s  e l a s t i c  CorPonent was c k t a i n e d  by q u i c k  r e l e a s e ,  The v e l o c i t y -  , @  1 

. - -j l e n g t h  r e l i  t i o n s  f o r  a  g iven  l o a d  were if,, 'r?endent o f  i n i t i a l  muscle l e n g t h  and e I 
@ :. l a r g e l y  incependen t  o f  the  t i r e  a f t e r  s t i m u l a t i o n .  V e l o c i t j - l e n g t h  t r a c e s  a t  - : a  I 

. ! 
i v a r y i n g  1et.gths d i v s r g e d  o n l y  l a t e  i n  c o n t r a c t i o r  because o f  a f a l l  i n  t h e  i n t e n -  . 

,@ . i s i t y  o f  th t .  a c t i v e  s t a t e .  Thus t h e  s u r f a c e  c r e a t e d  by  tbe  i n s t a n t a n 2 o u s  f o r c e -  @ !. 
. ;- v e l o c i  t y - l m g t h  r e l a t i o n s  se rves  t o  d e f i n e  a  g fven  c o n t r a c t i  i e  s t a t e  f o r  t h e  con- ' -  (O i 

t r a c t i l e  ? ' ? r e n t  o f  h e a r t  nusc ie .  F u r t h e r ,  ,,he i i n e a r  leng~ ;h - tens ion  r e l a t i o n s  7. I 
. * .  f observed fc r t h e  c o n t r a c t i l e  e lement  per mi^; ar, e s t i r l a t i o n  o f  t h e  maximum de- . . 

- v r lopment  c f i s o c c t r i c  f o r c e  w i  t k ,  t h e  c r e a t i o n  o f  t r u l y  k y p e r b o i i c  f o r c e - v e l o c i l i  . - @  
, 

. :8  1 . 1 curves.  L i n  i t a t i o n s  o f  v e l o c i  t i e s  o b t a i n e d  f o l  l o w i n g  q u i c k  r e l e a s e s  have als-o -. 
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-1.1 - , CARE\,/, Thomas, E. and Caishnav, Ramesh N.and P a t e l .  D a l i  J. 

:'- Q ; - C o m p r e s s i b i l i t )  o f  t h e  A r t e r i a l  i l a l l  + - f 

1 

~ i ~ ~ ~ l a t j o n  Res l a r c h ,  23, 61 -68, 1365 . Z -  -. 8 
. -  

- .  . . -  6 -. .- - A b s t r a c t :  Tht 3ssumption o f  i n c o r n o r e s s i b i l i t . ~ ,  bas o f t e n  been a p p l i e d  t o  t h e  6 1 
. . . - nalysi~ o f  a r t z r i a l  -wai 1  e l a s t i c i  r;y; however, che s u ~ o o r t i n c !  e v i d e n c e  has been 

0 i . 
- incomple te .  The p r e s e n t  s t u d y  was desianed 2 ;  t x ~ i : ~ r e  t h i s  probiem i n  g r e a t e r  

;i 
depth by accura t e i  y 11.2i;~ring t h e  changes i n  i ,  .cur volume a s s o c i a t e d  w i th  1 a r g e  '0 i 

t 
induced s t r a i n s  on 11 t h o r a c i c  a o r t a  segments exci,;ed f rom dogs. The r a d i a l  3 

0 :  . .. r , i r c u m f e r e n t i a l  , and I c r 3 i  t : id ina l  st;?sses were ~r?:sured as r.he a r t e r y  was C I 

: s u b j e c t e d  t o  a r  i n t e r n a l  pres;ure and Icn! i tud:nal s t r e t c h  c r r a t e r  t h a n  t h o s e  Q 
. : i n  viva. From these d a t a  i t  was p o s s i b l e  t o  c; ' ,culate theh: !drostat ic  s t r e s s .  

@ 
i 

f. S i m i l a r  s t u d i e s  ivere a l s o  c a r r i e d  o u t  on t h e  r a o o ~ , , ~ n a l  a o r t a  and t h e  c a r o t i d ,  - .. . -. . . - i l i a c ,  and pulir,nary a r t e r i e s .  The v o l u m e r t r i r  ;:?;tins observed were o f  t i l e  same . 

-: .. magnitude. I t  i; coocluded t h a t  f o r  mnst p r a c t i c a l  purposes a r t e r i e s  may be con- - 0 - 
. s i d e r e d  i n c o m p r 2 s s i b l e .  - z -  1 
- -:- ; < 

h y d r o s t a t i c  s t r e s s ,  h y d r o s t a t i c  s t r a i n ,  b u l k  ~ c ~ d u l ~ r s ,  shear  modulus v o l  m e t r i c  -;' 
- ..--- 

s t r a i n ,  d e v i a t c r  s t r e s s ,  d e v i a t o r  s t r a i n  -8. ; 
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CAMPO., R .D. and P h i l  1 i p s ,  Steven J. 
E l  e c t r o n  M i c r o s c o p i c  V i s u a l  i z a t i o n  of P r o t e o g y l  cans and C o l l  agen i n  B o v i n e  
Cos ta l  C a r t i l a g e  
C a l c i f i e d  T i s s u e  Research 13:2, 83-93, 1973 

I" I 

- 1  H,. 
--- FA 

- I?;-0- 
a - '? . 

+- 

a I t  , 8 
L - 

- - - .  . - - - - . - - - 
1 I 

, - .  . - ..----- - - 
I  Ll . $ I ,  -1 

@ 
; @ I  

' @  -- - 
- 

\ .I l;Td-t, t , ~ ~ ; l ~ T  7 ~ ~ T i i i - + y T ] 7 - j - T q  ti-~-l-F-e ' 
- - ---AA-- ' ' 

0 
1; < 3 - Causat i ve  F a c t o r s  i n  Hamstr ing S t r a i n s  
1-1 1 -, Medic ine and  Science i n  Spor ts ,  Vol.  2, No. 1, pp. 39-42, 1970 

- -  51. 1 
A- - I 

ABSTRACT: The p o s s i b l e  cause o f  h a m s t r i n g  s t r a i n s  was i n v e s t i g a t e d  i n  f o o t b a l l  @ I 
-- p l a y e r s  and t r a c k  a t h l e t e s .  The s u b j e c t s  were d i v i d e d  i n t o  t h o s e  who d i d  :. • I 

, 

- - ( e x p e r i m e n t a l )  and those  who d i d  n o t  ( c o n t r o l )  s u s t a i n  h a m s t r i n g  s t r a i n s .  F i v e  '- 0 
-Z mrrbers o f  t h e  San D iego  Chargers F o o t b a l l  team and 12  t r a c k  a t h l e t e s  made up : 2  
- - - t h e  e x p e r i m n t a l  group w h i l e  50 z t h l e t e s  were used as c o n t r o l s .  Three t e s t s ,  . - 

' c a b l e - t e n s i o n  knee f l e x i o n ,  c a b l e - t e n s i o n  knee e x t e n s i o n ,  and t h e  s i t  and reach  C 
-:- were a d m i n i s t e r e d  t o  each s u b j e c t .  Two s t r e n g t h  r e l a t i o n s h i p s  were found  s i g -  -- . @ .  
-2 n i f i c a n t  a t  t h e  .05 l e v e l .  These r e l a t i o n s h i p s  were concerned w i t h  t h e  s t r e n s t h  - 0 " between t h e  hamst r ings  , and unequal f l e x i o n - e x t e n s i o n  s t r e n g t h  r a t i o .  - -  
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CARO,C.G., F i t z - G e r a l d ,  J.M. and Schroter ,R.e.  1 .  
_) , Atheroma 2nd A r t e r i a l  Wal l  Shear Observa t ion ,  c o r r e l a t i o n  and Proposa l  o f  a  a 0 Shear Dependent Mass T r a n s f e r  Mechanism f o r  A therogenes is .  - e / - Proc. R. Soc. Lond. ( B i o l )  177:109-59. - 
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r o p e r t i e s  of  Single E l a s t i c  Fibers 
Physiol . 17(3)  : 547-551, 1962 , 

Abstrac t :  The el  a s t i c  proper t ies  of e l a s t i c  t i s s u e  were s tud ied  in a s i t u a t i o n  '.- 
imized the  e f f e c t s  of extraneous connective t i s s u e  and of the posi t ion  - -  @ , 

i n  the  e l a s t i c  network. Single e l a s t i c  f i b e r ;  were dissecQd f r e e  - @ !  
ligamentum nuchae of the  ox and were s t r e t c ' , ed  under condi:ions of - .  

;. i 

0 - : constant  temperature arid s a l i n i t y ,  The s t r a i n  was an exponential function of -- 

a - t he  aopl ied t e t i i i n ~ .  Single f i b e r s  were found s~-?:ka: l e s s  s t r e t chab le  than :. f 
-- the  ligarrents from hhich they were taken. The d a t r  giv?n can be used t o  - 0 ' L c a l c u l a t e  t h e  contr ibut ion of such e l a s t i c  fir,?-s t o  t ?e  behavior of an - ; @ I  

ystem i n  \ hi cn they a r e  i  ncarporated. :- 0 ---- 
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1 .  @ -7 Nonlinear A n i s a t r o p ~  , V ~ s c o e l a s t i c  S t r e s ses  i n  Blood Yessels 4. i - J .  of Biomechanics, 1:6, 607-619, 1972. 
I -8- - -  a 

@ -.- Abstract:  Throught he considera t ion o f  a micro-st;i':tural system with emphasis 
8 : on the  nonlinear d k f ,  m a t i o n  and moiecular anisot?c;v a c o n s t i t u t i v e  equation f o r  
-'!' nonlinear v i s c o e i a s t i c    ate rials id developed. T h i c :  c c - s t i  t u t i v e  and o t h e r  

a - 
appropriate f i e l d  e u ~ a t i o n c  a;e a3plied t o  the  s l t , r s  d! ,a lys is  problm of blood 

- - - . -vesse l s .  I n  c rde r  tc e f f x t  2 s ? l u t i o n  f o r  such a r ~ m p l i c a t e d  system s impl i f i ca -  
@ I - tion; a re  sought and the  blood vessel i s  considen*ed as  a long,  thick-ilralled 

j 0 _. viscoel a s t ' c  cyl indeb. i , ' l i c  i s  t r z n s v e r s ~ l y  i s o t r o p i c  a.1 c inccmpressible.  The 
I 0 - -  cvera l l  radia l  and c ' r c v ~ f e r c n t i a l  s t r e s s e s  a r e  c a l c ~ , ? ~ i e d  f o r  a giver4 i n t e r n a l  

Q - pressure by considering a modified deformation i n  a r u a s i - s t g t i c  s i t t a t i o n .  
.- -. 

- I 0 . .:- I n  general tile radi  a1 displacement f o l l o s  t h e  p,ri -b 'and shape of t h e  appl ied  
- in ternal  pressure wi:h an o b v i ~ u s  creep behavior. l h ?  t angen t i a l  s t r e s s e s  a r e  
smuch higher a t  the  i  lner wall of the  blood vessel  2-  c ~ r p a r e d  t p  those obtained -: on t h e  bas is  of 1 i n e ? r  v i s c o e l a s t i c  theory.  Future r e w r c h  i n  t h e  dynamic 

response and temperature e f f e c t s  would be a s t e p  forwr,:,,, i n  understanding t h e  
--A - 

- . 3 - behavior of the  blood. vesse l s .  



1 l ; + --- , -: Col e t t i  , J .M., J r  . , Akeson, W .H. and Woo, Savfo 'L-Y 
:A a , 
2' - A Comparison of t he  Physical  Behavior of Normal A r t i c u l a r  C a r t i l a g e  and t h e  

@ A r t h r o p l a s t y  Surface - 2 -  @ 0.7 J.Bone J o i n t  Surg. (Am) 54:147-60, Jan 72 - 
1 + l - - Abst rac t :  Th is  study was undertaken i n  an at tempt t o  compare the  phys i ca l  be- :. * 1 -: havio r  o f  an experimental a r t h r o p l a s t y  sur face as character ized by load-deforn- - 

."tion and t ime-deformation curves w i t h  t h a t  o f  a normal a r t i c u l a r  c a r t i l a g e  
- -  * - . -  sur face and t o  r e l a t e  any changes i n  such behavior t o  observed d i f f e rences  i n  
- < l m r p h o l o g i c  and biochemical p rope r t i es  o f  a r th rop las ty  t i ssues .  + 5 A  @ 

l -,:I A s tudy  of  t h e  r a b b i t  metatarsophalangeal j o i n t s  w i t h  a r t h r o p l a s t y  sur face - a . and normal a r t i c u l a r  c a r t i l a g e  was done by us ing compression t e s t i n g  t o  compare i 
t h e  e l a s t i c  and v i s c o e l a s t i c  behaviors of these two surfaces.  

Cons is tent  d i f -  _L* ' l - 5 ,  ferences were observed. 
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COLLINS, R.E., K l  lpper ,  R.W., and Jenkins, Daniel  E. 
A ~ a t h e r n a t i c a l  Ana lys is  o f  Mechanical Factors i n  the  Forced E x p i r a t i o n  

.Math .Biophys. 29:737-52, Dec.1967 
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model o f  t h e  human lung- thorax  system i s  I 
The equat ion r e l a t i n g  t h e  t h o r a c i c  

3 01 -- 

i s  developed and i n v e s t i g a t e d .  
: a !  

airways i s  a l i n e a r  f u n c t i o n  o f  a i r  - L 

compliance i s  constant ,  a fo rm 
'- - 
1: - 

i s  developed. Th is  i s  used t o  ir 

are compared t o  those measured :j C-. 
It appears t h a t  these t h e o r e t i c a l  r e s u l t s  have t h e  

' 8  -- 

o f  t he  experimental curves. These r e s u l t s ,  coup1 ed I - e 
between t h e  parameters of t he  model and those &--- 9 , 

model should have g r e a t  u t i l i t y  i n  t h e  z- l , 
,T @ } 
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- -  C o l l i n s ,  R ,  and Hu, k'.c,L. 

J. Biomechanics,  5:4,  333-337, 1972 , 

'3 tract: A exper imenta l  scheme i s  desc r i bed  f o r  t h e  d e t e r m i n a t i o n  of t h e  - -  
r e s s - s t r a i f  r e l a t j 0 I l S  f o r  f r esh  a o r t i c  t i s s u e  w i t h i n  t h e  range of 7 : up 3.5 s ~ c - ' .  T h i s  i s  t h e  f i r s t  such work known t o  t h e  a u t h o r s  : . in this dynafiiic range, and i s  cons idered a  nr:essary s t e p  toward  a  q u a n t i t a t i v e  :--< - t rauf l la t jc  r u p t u r e  of t h e  a o r t a ,  The r e j u l t s  i n d i c a t e  a d e f i n i t e  ' 

stiffeni7g o f  t h e  t i s s u e  w i t h  i n c r e a s i n g  r::es o f  i t r a i n ;  t h e  streas-strajn law 1 9 
t 

- e x h i b i t s  an ~ x p o n e n t i  a1 charac ter ,  ; 
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3 COVELL, J.k., T a y l o r ,  R. R ,  and Ross, J., 2- 
- s e r i e s  E l a s t i c i t y  i n  t h e  1nt; ict  L e f t  Ventr':le Determined by Quick  Release 0 I 
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, 26:P.382 A b s t r a c t  4702, 1967 I- @ 1 ( 

n y  '19. P rpe r :  I n  i s o l a t e d  muscle,  ttle s e r i e s  e l a s t i c  c @ m ~ o n e n t  (SEC) 
0 

can be anal  l z ~ . :  by ~ : e t e r m i n ~ n g  t h e  i e n g t h  ~ l a f l ( e s  f 0 1 l o ) i W  q u i c k  r e l e a s e s  t o  " 1 
known load5 d u r l n o  c o q t r a c t i o n .  The cha racx : r i s t i cs  o f  t h e  e f f e c t i v a  SEC o f  t h e  -- 8 
i n t a c t  l e f t  v e q t r ~ c l e  (I-\;) here  deterrninpd uy 3 q u i c k  r e l e a s e  metnod I n  7 dogs 4: 1 
i n  which t h e  L V  c c n l r a c t z d  ~ s o v o l u m i c a l  I; * l a i r  s t  a  b a l l o o n  i n s e r t e d  v i a  t h e  \ 
r n i t r a i  annu lus .  ~ ; r y ; g  ;;tive c o n t r a c t i o n ,  : o a ~ e n t i a l  w i t n d r a w a l s  of  0.5 t o  7.0 
ml of  f l u i d  l,.re cer iq l - , rea  r 3 0 1 / j l y  (5-12 mser \  by 5n e l e c t r i c a l l y - t i n e d ,  mech- a !  
a n i c a l  s y r l  r.?,  be c a l  cul  a te?  , -cduct lons  oi ' r 2  LV m l d h a l l  c i r c u f r f e r ~ n c e  were - " i , p l o t t e d  a g a . ~ i t  m e  correrpand'ra changes i? neat3 wail s t r e s s  (T='R/2n, PzLV 
pressure ,  p=  1 r t e r n a l  LV r a d i u s ,  h = m l l  t h i i ' . i : s s s ) .  The r e 5 u l  ti ng l o a d - e x t e n s i o n  

? 
@ i - curves \:ere exoo r ,eq t i a? ,  a n d  t h e  reciprocals @ I  t h e i r  s l o ~ e s  ( d T / d l )  ~ 2 r e  l i n e a r -  

--; l y  re la ted  t o  T ;  di/,dl.=28,8T ( range 16.2 i o  X . 3 T ) .  The tnaxiflium e x t e n s i o n  o f  
a - t h e  SEC avej aged 4 . 3 6 .  o f  L V  c i r c "u fe rence  ;:anye 2 . 6 3  t o  5.49 0 a t  L V  pressu res  - .  - -  - 1 

1 
-@ - averag ing 7 ? / 6  mm Hg ( s y s t o l  i c / e n d - d i a s t o l i c ;  1 anpe 66-10710-15 mm Hg! * The - 

load-ex tens(on cu rve  was unchanged by  vary in !  t ~ e  t i n e  of  r e l e a s e  and by no re -  
~ n f u s i o n .  These d a t a  suppo r t  a n c d e l  f o r  t h e  i n t a c t  LV i n a t  c o n t a i n s  

d SEC, t h e  cha rac te r i s t i cs  of wil;ch resemble  t hose  o f  i s o l a t e d  c a r d i a c  
-- - - - - - 
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I 
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) -: Analog S i m u l a t i o n  o f  T h i c k  Walled Blood Vessel Model 6 '  

i 7 t h  I n t .  Conf .  on Medica l  and B i o l o g i c a l  Engng., Stockholm, 27-2, 1967 
e-:- 

-. A b s t r a c t :  When c o n d i t i o n s  a r e  normal,  b l o o d  f l o w  t o  t i s s u e  i s  c o n t r o l l e d  by 
* 

a - changing t h e  d iamete r  o f  small  b l o o d  vessels ,  e s p e c i a l l y  a r t e r i o l e s  and 
:. p r e - c a p i l l a r y  s p h i n c t e r s .  The vessels  a r e  t h i c k  w a l l e d  and have such l a r g e  e 

@---; d iameters t h a t  t h e  s t r e s s - s t r a i n  r e l a t i o n s h i p s  a r e  n o n l i n e a r .  A mathemat ica l  
model has been dev ised  t o  descr ibe  t h e  r e l a t i o n s h i p  between t r a n s m u r a l  8 

I pressure  and r a d i u s  f o r  a  small  segment o f  vesse l .  A t  t h i s  t i m e  t h e r e  a r e  € " no q u a n t i t a t i v e  exper imenta l  d a t a  which can be used t o  v e r i f y  o r  r r o l l i f y  t h e  mocel 
; which was r u n  on t h e  analog computer. a \ :  - -- e 
-: - @ ' 
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- 0 '  P h y s i o l o g i c  and Pharmoacologic E f f e c t s  o f  Cardiac D e n e r v a t l o n  - 
- I  

Fedr. Proc. 24: 6, 1428-31 , 1965 ;. e l  
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91 j ; Cox, Robert H. I- 
:. @ i > .; k t e r m i n a t i o n  o f  t ne  True Phase Velocity of A r t e r i a l  Pressure Waves i n  Vivo i a , - Circulation Research, Voi. 29,  October 1971 +-. i'-: 
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, COX, Robert  H .  -. - ,  _ ,  

Nave Propagat ion Through a  Newtonian F l u i d  Contained Wi th in  a  Thick-Walled, j * .:*.- ;I.. @ i 
--* 

..:I V i s c o e l a s t i c  Tube I;;-. 0 i 
. '! 1. .  -L. Biophys., 5. 8, 691-709.1958 I?- o ! 

@ - / , I  
L-h - - 
1:. @ 1 

-I:] Abst rac t :  The propagat ion o f  harmonic pressure waves through a  Newtonian f l u i d  ; r:, contained w i t h i n  a  t h i ck -wa l l ed ,  v i s c o e l a s t i c  tube i s  considered as a  rnodel o f  
a r t e r i a l  b lood f low. The f l u i d  i s  assumed t o  be homogeneous and Newtonian, 6 

. a -.- '"I and i t s  mot ion  t o  be laminar  and a x i s y n e t r i c .  The w a l l  i s  assumed t o  be i s o -  ' 6  
, t r o p i c ,  i ncon~press ib le ,  l i n e a r ,  and v i s c o e l a s t i c .  It i s  a l s o  assumed t h a t  the  c -  s 

+ 1 motion i s  such t h a t  the  convect ive acce le ra t i on  i s  n e g l i g i b l e .  The mot ion  o f  
the f l u i d  i s  descr ibed by the 1  i nea r i zed  form o f  the  Navier-Stokes equat ions  = Q -1, 

0 and the  mot ion  of the  w a l l  by c l a s s i c a l  e l a s t i c i t y  theory .  The f requency i. 

- 
- -g dependence of t he  w a l l  mechanical p rope r t i es  are represented by a  t h r e e  para- ' ' 

meter, r e l a x a t i o n - t y p e  model. Using boundary cond i t i ons  d e s c r i b i n g  t h e  c o n t i n u i  t y l  6 .$ o f  s t ress  and v e l o c i t y  components i n  t he  f l u i d  and the w a l l ,  e x p l i c i t  s o l u t i o n s  O 
@ -8.. 

b - f o r  the  system o f  equat ions o f  the model have been obtained.  The l o n g i t u d i n a l  - 6 , 
f l u i d  impedance has been expressed i n  te rns  o f  frequency and t h e  system para- - 

8 
meters. The frequency equat ion has been solved and the  propagat ion  constant  a l s o  . - @  

expressed i n  terms of frequency and system parameters. The r e s u l t s  i n d i c a t e  -+ 

t h a t  the  f l u i d  impedance i s  smal le r  than p red i c ted  by the  r i g i d  tube rnodel o r  .1 
by Womersley's const ra ined e l a s t i c  tube model. Also,  t he  v e l o c i t y  o f  p ropagat ion  C : G- @ 

> a .  , , I -  
[G L~ST~T{$P 1T i i j 771  I bu ' 2  I U '  L 1 b1,v I ~ ~ ~ ~ ~ > ~ > ~ ~ - ' -  8 , -- ' - -  ' .I ---'-it,'; . / '  L 8 
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Abst rac t  (Cont ' d )  : 7 91  

Q 
. , _ i s  gene ra l l y  s1o::er and the t ransnl iss ion per wavelength l e s s  than p r e d i c t e d  by 

R i~/omersleyls e l z s t i c  tube model. The propagat ion constant  i s  very  s e n s i t i v e  t o  
d 

@ changes i n  the degree o f  w a l l  v i s c o e l a s t i c i  t y .  
: @ ,  . . 
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- Cox, R. C .  and L i t t l e ,  K :. , ! l - An Electron Microscipe Study of Elast ic    issues . . 
> ... Proc. Royal SOC. London 8. Yo1 . 155, pp. 232-242, 1961 .- , 

: 8 i @ l  - - 
t ABSTRACT (continued): The e l a s t i c  t issue was arranged in the form of networks 0 

l . composed of branching and anastornosing f ibers .  The network was e i t h e r  loose - 0 - as in connective t i s sue ,  o r  dense as in the expression in the fenestrated a -;; I a 
membranes and sheets of elastics. The f ibers  varied considerably in diameter. - < ! !  The network arrangement was repeated a t  the level of magnification of the 
lightmicroscope. _ , 0 
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$1. a i 
Cox, Robert H .  

- 
3 ..;i Estimation of Pressure Gradient by Differential Pressure --- , I  ; . a  , q Journal of Applied Physiology, Vol. 29, 140. 6 ,  pp. 904-906, 1970 % 

@ -  ':I- ' -* ?- - -4 ABSTRACT: The analytical aspects of the use of d i f fe ren t ia l  pressure as an 4 3;. t 
5 ,  approximation of toe pressure gradient have been considered in de t a i l .  Equations 5- 

@ -2 expressing tne relation between ttie di f fe ren t ia l  pressure and the pressure i:. 0 .? gradient ,  and tne propagation constant and the distance between pressure measure- 2- 0 -- ments were developed. Measurements of in t ra -a r te r ia l  pressure, d i f fe ren t ia l  - 
2 .  < @ %  pressure, external d i a w t e r ,  and blood flow rate  were obtained from the femoral ?- 

- 1  artery of anestnetized dogs and used to compute f l u id  impedance and apparent -2.  C- 
- phase velocity. A comparison of these h o  variables with the theoret ical  -2 9 : 
l I prediction o f  a ~iemodynamic model supports the conclusion of the analyt ical  

, 
-- - :- a 1 - study triat the d i f fe ren t ia l  pressure i s  a good approximation of the pressure -- , 

--2 : 0 ,  gradient for  t n e  computation of f l u id  impedance provided the product of the : a l 4 propagation constant and the length of ar tery over which rreasuremnts a rc  made - .  
l -, i s  small. I)n the other  nand, i t  i s  not a useful approximati on f o r  use in  cow - c- 
0_- -. puting the velocity of propagation of pressure waves d i rec t ly  from in t r a - a r t e r i a l  - 

--;J pressure measurements. 2 - 
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-I, Cox, Rober t  H. 
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.- 

a - Aave Propaaa t ion  through a  Newtonian F l u i d  Conta ined w i t h i n  a  Th ick -Wal led  Visco- i -  @ -- - - e l a s t i c  Tube: t h e  I n f l u e n c e  o f  Wall  C o q r e s s i b i l i  ;y F *; j 
- J o u r n a l  o f  Biomechanics, Vol. 3, No. 3, pp. 317.335, 1970 E - 

. @ - . :  I$- @ ! 
b ' 
- ,  e -2 A b s t r a c t :  A p r e v i o u s l y  developed model o f  wave p r ~ p a g a t i o n  i'n a  t h i c k - w a l l e d  i n -  ..- 

a -. c o n p r e s s i b l e  tube  i s  extended t o  i n c l u d e  w a l l  c o m p r e s s i b i l i t y .  The mat ion  o f  t h e  ' 
- 1  f l u i d  i s  a s s u m d  t o  be descr ibed  by the  l i n e a r i z e d  fo rm o f  t h e  Navier-Stokes - - : .  0 :  
.: equat ions .  The mot ion  o f  t h e  w a l l  i s  desc r ibed  by t h e  equa t ions  o f  c l a s s i c a l  e l a s - -  - Q - - I. t i c i  t y  theory.  The f requency v a r i a t i o n  o f  t h e  modulus o f  r i g i d i t y  i s  d e s c r i b e d  

- - -  b y  a tn ree  p a r a r a t e r  r e l a x a t i o n - t y p e  model. T;le ?c isson  r a t i o  i s  assured t o  . r  

' .  be a  r e a l  pararreter .  Tne s o l u t i o n s  o f  the ~qc ; t io r , s  o f  mot ion a r e  r e s t r i c t e d  t o  . 

- i a x i s y m t r i c  l o . l g  waves. Boundary conditib;;: a r e  tised d e s c r i b i n g  t h e  c o n t i n u i t y  . .  . B 
.'! o f  s t r e s s  and v ! l o c i  t y  components i n  t h e  f l u l d  a:,d the  tube. From these 'boundary  - b -- . .. . . 

-: c o n d i t i o n s ,  a  s e t  o f  s i x  s imul taneous equa t ions  i n  s i x  unknown c o n s t a n t s  has been . . g .! ob ta ined ,  Th is  s e t  o f  equa t ions  nas been 501ved n ~ m e r i c a l l y  u s i n g  a d i g i t a l  corn- -; a 
p u t e r  and the peopaga t ion  c o n s t a n t  and h y d r a u l i c  f l u i d  i ~ p e d a n c e  determined as a -: 

@-A f u n c t i o n  o f  f requency and system parameters. For  c o n s t a n t  va lues o f  t h e  modulus -I- 

@ .'! . o f  r i g i d i t y ,  a Aecrease i n  t h e  Poisson r a t i o  ca!;sei: 3n i n c r e a s e  i n  t h e  h y d r a u l i c  : 
O - ! f l u i d  impedance, t h e  f l u i d  r e s i s t a c c e  and the f ~ u i c .  inductance.  A decrease i n  t h e  

_' Poisson r a t i o  &creases t h e  phass v e l o c i t y  o f  t h e  t t io r o o t s  o f  t h e  frequency .: . 4 
- , i  equat ion .  A de:rease i n  the  Poisson r a t i o  decreases t h e  t r a n s m i s s i o n  p e r  wave- -- . @ 
.', length o f  t h e  f ' r s t  r o o t  b u t  inc reases  t h a t  o f  t h e  second r o o t .  The e f f e c t  o f  . : ' .  !3 
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.,; Cox, Rober t  H, ,:,* d. 

- Q 
' -- Wave P r o p a g a t i u ~  through a  Newtonian F l u i d  Conta '~;ec w i t h i n  a T h i c k - Y a l l e d  Visco- 

-- r e l a s t i c  lube :  T l e  i n f l u d n c e  o f  Wall  C o m p r e s s i E ~ l i t y  . - 3) 
-*- - J o u r n a l  o f  Biome:hanics, Vol.  3, No. 3, pp. ?;:-335, 1970 
; a 

8 -: h s t r a c t  ( c o n t i 1  led) wai 1 c o m p r e s s i b i l i t y  on b ~ o p a g a t i o n  characteristics i s  as 
- -  i n p o r t a n t  as t b a  o f  t h e  w a i l  v i s c o e ~ a s t i c i t y ,  b.'t the  i n f l u e n c e  o f  t h e  f o r m r  on 9 

- -  f l u i d  impedance i s  much g r e a t e r  than t h a t  o f  th: l a t t e r .  - -  0 -- 
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I from th is  work were found to  be I n  reasonable abreement with data i n  the 
- i * 1 i  t e ra ture .  
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CRANE, H.D. ,;. @ 
F r 

T:?i 11 a r ies  and A1 veoli s 
p -  I . -- 

Abstract: 'levi ces mide of curved el as t i .  mtnbranes can exhibit switching pro- 0 

perties silp l a r  ro  those of neon b u l b s ,  rut11 el diodes, arid ocher electronic  L .  
devices i,a i n g  '4-shaoed current-vol tage ch.rac;eristlcs. i~ i s  the existence of O 

a nega t~  ve-slc?e region in the pressure-vr' character is t ic--cal l  ed the d) 
negstive-resis t ~ q c : ~  region in electroni L T -  that produces tbis switching behavior. -3 
Negative-slupe regi;.is =re fouqd in the pr,ssure-volume curves of soap bubbles, 

ind r h ~  alveoli  c i  the lungs. The basis - < 
of the negative-slog? region i s  C i r c ~ j s e d ,  1 J sclile of ~ ' i e  relevant l i t e r a t u r e  a 
dealing w i t  1 on-of f  (or open-closed) swi tch.~ny control i n  t t e  c irculator)  and 0 
respiratory sirterns i s  revieweu. I t  i 5  sbs:i3. tha t  the abrupt switching tha t  

- 
0 

@ .; occurs in cmnection w i t h  an N-shaped pres,~~;-volume curve i s  charac te r i s t ic  - 0  ' % o f  normal ~nys io logica l  functioning. - 

--. .  - - ,  - _ _ - - . -- - - . . - 1 . & - . . 0 
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-- Nave propagation through a newt~nlan fluid contained within a thick-walled, 

-- 

: viscoelastic tube: a model for  ar ter ial  blood flow- 

: @ -_ 
- ph ,D, Thesis, Univ. of Pennsylvania, P h i l  adel phi a ,  Pa. 1967 
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Crichton, John 1. 
.:+ 0 , Tensile Strength of the Unbiilcal Cord 

. I  L% 1 Am. J. obstet. Gynecol., Vol. 115, pp. 77-80, 1973 

ABSfwCT: The ten t i le  strength of the umbillcai cord has been m a s u e d ,  and an 
@ attempt was made to relate this to  placental or  fetal  factors.  TWO hundred cords - o 

were examined from term spontaneous vertex deliveries. The average load ~ q ~ 1 4 d  I J 

~ ~ ~ ~ P t ~ ~ ~ ~ h ~ ~ O ~ d s w a s ~ ~ . 9 p o u n d s ( 5 . 8 8 K g ) w i t h ~ ~ ~ ~ i ~ ~ i ~ j t ~ ~ ~ ~ ~ ~ ~ ~ ~  7 .  
(1.81 Kg) and 24 Pounds (10.89 Kg). The majority of cords ruptured a t  the i r  

- placental insertion. i i o  usefui r e l a t i onsh l~  was found betw.oen the cord strength 
i- and tne weight of i t s  placenta or  infant,  and there was no relationship between 

the cord length and i t s  tens1 ie  strength. If the tension on the cord does not 
. exceed 7 P O U ~ ~ S  (3.18 Kg) during controlled cord traction, then 

cord , - rupture in only 2 per cent of cases. 
: • -. 
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- '  CROSFILL, M.L. & WIDDICOMBE, J.G. 
2 0 

C > Z -  Phys ica l  Charac ter is t i cs  o f  the  Chest and Lungs and the  Work o f  Breath ing  i n  - @ 

,,< D i f f e r e n t  Mama1 i a n  Species 1:- F 0 
J.Physio1. 158: 1-14, 1951 I ?  

7 

@ :  1;- e 
- Abst rac t :  The authors have assessed the mechanical p rope r t i es  o f  t he  lungs i n  a  '- 

2 four i n d i v i d u a l  animals o f  each o f  the  fo l l ow ing  species: mouse, r a t ,  guinea-pig,; 
- r a b b i t ,  monkey, ca t  and dog,, t o  see i f  the values are cons i s ten t  w i t h  the  :- 0 

- 9 1  
-1-1 i n t e r s p e c i f i c  d i f ferences i n  breath ing  pat te rn .  Apart  from app ly ing  the  -. .. C 
51 r e s t l l t s  t o  the optimal r a t e  hypothesis, the r e s u l t s  a re  values f o r  !Id 

- c o m n l y  used experimental animals which may be worth recording.  L;I 

I t 1  ; 
a - -  --- . -4 Q. 
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1  Model of the Mamnalian Muscle Spindle • 1 
B i o l .  Vol. 21, pp. 21-41, 1968 

pia - -  0 1 
k- 

A model i s  s e t  up which has p rope r t i es  s i m i l a r  t o  those o f  the  -. • 
p ind le .  I n  p a r t i c u l a r ,  s t i m u l a t i o n  o f  t he  s p i n d l e  by motor nerve 'II. 

f i b e r s  produces e f f e c t s  accountable by way o f  changes i n  the v i s c o - e l a s t i c  ,. C t * 
prope r t i es  o f  the i n t r a f u s a l  muscle f i be rs .  ki - i. 

:I. I by 1 
f: * 1 
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- A three-cOmponent model o f  the muscle i s  used i n  w h i c h  the - cOrqonentr chan9e 
the i r  values when the muscle i s  

i n  par- - t i c u l a r  t'' cOm~o~ent~  change ni ;  only tnCir 
O f  e i a s t i c f ty  

but the unstreteched lengths decrease when the muscle 
i n  ae ac t ive  he i s  extended to :he ,.,t,afusal z"icle fibres o f  m a m a l i d n  

'pjnd'e i t  can repwrd,ce some of  the 
responses 

- 
l nechcn ica l  stretch and fusjmotDr ,:i,u,ation. 

+ 

. 0 -. 
- - - ? _ _  - ---_ 

L C  n a , ,  6 -.I. --I----- 
- - : 9 

" 0 - 2  2 " 
- a- -- - - -  - -A - - _  _ _ _ . - 

8 0 0 @ 0 ~ ~ ~ ~ @ ~ 0 Q 0 3 Q 0 0 0 0 0 t Q 8 8 8 Q O ~ 6 O d O O 8 @ ~ ~ ~ f ~  --- -*.. - - - -- -- 
d ~ 8 , C ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ g e q j ~ ~ r j ~ ~ 8 8 8 0 : : 9 @ . 3 ~ Q * ~ @ @ ~ a Q  

, , ,- ---- - a--- ---- ---- - -  - 
1 . 1 .  - . 

T O @  ' - - ' a  L---  d , l l l $ T 3 3  , . 
_FL- I ! . _ _  _ _  I 

DANIELS'IN, D . A .  
Human :..in as an €1 ast ic  Membrane 
J ,  5jcg?chanics, 6:5 ,  539-5469 1973 - 

? -  0 -- - 
7he eaUBtiOns governing th.  deformation of human ski* are derived' @ 

- First ,  equatlonr of  an anirotro\t2c, e l i s t i c  membrlne undergoing l a rge  de- 

' forma'. ,ns are  iecor , jed ,  ;!ext, the kii;?-at cal cond~tion i s  derived whlc'i re- ' 
- striCtT the s k i f l  t9 il ide over the su, ?ace 0: a rigid founa2t10n. 1 @ - :  

0 

, 0 .- are prosased which f i r  the known-experimental data  for  s k i n .  - @ 
- 

-- a case of this theory, ;b, .qua:ions of 
s i rpie  model for the - e- 

• of a j j i n t  are ~ o l v l d .  in a?o'.er jpecja1 
case of the t h e o r y *  the 

eqUaiiOns 3f 
homogencu;, -rotropGc, e lu s t i c  membrar. lying in a plane a n d  

- a 
Q 

- -  undergo,ny snal deforwatl 0,); are solve 
;Y c o f l ~ l  e l  variable techniques for  - 

0- - the ca,s  of a sheet having a c i r c ~ , i r  hole and su'.ject biaxlal tens'0o * 
at inf ini ty .  ~ i ~ ~ , l ~ ,  i ~ ~ , e  problems of interest  t o  physicians and piastic .- B 

O surgeons are discussed. - . -14 
--Y - - 1  
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of the  Red Blood Cell 
J .  Biomechanics, 4:6, 611 -61 7 ,  1971 

- -  a ; 

Dle s t a b i l i t y  of , . -- - 
I) - - the spherr cal s t a t e  'if F u n g  aqd Tonc's model 1'. :;plying the s t a t i c  energy 

a 
.- 

c r i t e r i o n ,  which r e w i r e s  a determf nation of tbs s j ~ n  o f  the qsArat ic  terms i n  
I 

i 
r the potential  rozrgy functional. I t  turns b:t tha t  a spherical :ell model with 

- 

radius l e s s  thar. tnat  of t b e  equatorial radius c f  the original  mdeformed cel l  i s  -- 

0 

%.:_ indeed s t ab le ,  f and only i f  the supposedly arbi t rdry  e l a s t i c  parameters i n  the  -- 
1 

@ - 1 mcdel a re  r e s t r  cted in  their possible range o f  values. 
:. a 

- 
# 

I) : " @ I  I 

a ;  5 -  4' 1 
a - -  

5 -  0 - .  1 

I .- -- - - - -  - -  1 -  - - - -  -- - - 74. -- .I--* --Wr- 

6 ~ * 8 ~ @ @ 0 ~ . 8 8 Y d G ~ ~ 0 ~ O O d O O O O 9 ~ 8 ~ ~ ~ 9 8 d 8 O C t O  . ,  
- - -  i j ;  > > ,  , ) !  J-T,T] . I  .: : 2 , ,  . 

9 , t 8 7  6 1 5 1 :  c~ I -  la e . -- -,:I 
s- i t. @ 1 - 
l i d  0 .- Demiray, Hilni 
C 
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i 6 
--i -: Abs t rac t  In th is  short  noti  a simple possible form of the  i t r a in  energy func t ion  - 8 ,  

8 I for  s o f t  b i ~ i ~ g i c a l  t issues 16 studied. v,,L s imi la r i ty  of tb r e su l t  of a n  
-- 0 example problem to llx~erimental r e su l t s  i s  er;ouraging, 
0 



j l A Diamond, George, Forrester,  James 5.. ~ a r g i i ,  James, Parmley, William W . ,  -- - 0  
l - Danzig, Ronald, and Swan, H.J.C. e : .  e ,  ' • ~ i a s t o l i c  Pressure-Volume Relationship in the Canine Left Ventricle : r 

Ti 

- Circulation Research, Vo1. 29, pp,267-275, 1971 1: - @ 
L. -_ 

a ,  
ABSTRACT: AndlySiS of the passive pressure-volume f i l l i n g  curve of the l e f t  ; 
ventr icle  demonstrates that  heart s i z e  and ventricular geometry exer t  major ef-  - 
fects  on the pressure-volume curve in the absence of changes in  i n t r i n s i c  mils- 
c le  s t i f fne s s .  Because the pressure-volume r e l a t i  onship i s  curv i l inear ,  both 9 
quanti ta t ive and qua1 i t a t ive  cor@arison of pressure-volume curves from d i  f fe ren t  <- 
hearts i s  d i f f i c u l t .  In the fresh isolated canine l e f t  ven t r ic le ,  the pressure- e 
volume relat ion was found to be almost perfectly exponential throughout a range 
of f i l l i n g  pressures from 5 t o  30 mm Hg. Tilerefore, a precise l inear  and ouan- - -  
t i t a t i v e  expression of the pressure-volume relat ion (dP/dV = aP + b )  was develop--- 
ed ( r  = 0.995).  Tne effect  of i so la ted  changes in e i t he r  i n i t i a l  ventr icular  . @ 

volume(man Aa = 3.1%) or  ventr icular  geometry (mean La = 27.1%) upon the slope, @ 

or 2 constant of th i s  function was small in comparison t o  changes induced by : c 
r igor  mortis (mean na =45%), I t  was concluded t ha t  the 2 constant was primarily-; - 
affected by changes in l e f t  ventr icular  wall s t i f f ne s s .  In t h i s  manner, corn -- 

parison of the pressure-vol ume relat ionship from d i f fe ren t  hearts  i s  possible ,  -: 
@ 

and the contribution of changes in wall s t i f f ne s s  may be quant if ied.  

-- - rn - 

p- Ip-*.. 
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A -- - * *  -i Diamant, J . ,  Keller,  A ,  daer ,  E . 3  L i t t ,  M., and Arridge, R. G. C.  lii - 
2 ' -  0, - Collagen, Ultrastructure and I t s  Relation t o  Mechanical Properties as a Function + 

-? of Ageing 2 8 '  

-';i Proc. R. Soc. London (Biol . )  Vol. 180, pp. 293-315, 1972 k,. * 1 
1 

AaSTRACT: Tail tendons from Fischer and Sprague-Dawley albino r a t s  of ages 2 - 1 -  8 : 
weeks t o  3 years were investigated under the polarizing microscope as regards - 1  a , 

l -2 structure and deformation behavior. Periodically extinguishing bands were oh- 
@ - f l  served along the otherwise featureless  tendons. By analyzing the behavior of :- -- l 

th i s  extinction pattern under appropriate rotat ions of the tendon, i t  could <- 
F be deduced tnat  the orientation of tne basic birefr ingent  uni ts  varies periodi- <. 

and tha t  t n i s  periodic pattern corresponds t o  a planar i 
anisotropic e n t i t i e s .  All the relevant parameters of t h i s  C- 

- a could be determined in a representative manner from polar izing - - -  
I?- - < 

Subdivision of the tendoris revealed regularly undulating o r  ra ther  crimped : 

subunits in good correspondence to  what has been deduced from the  ext inct ion r @ I  
bands in t ~ i e  i n t ac t  tensons.. c 

The crimp angle was found to decrease while the periodici ty  increased - ... --- I 
,: in approximate proportion to  tile length of the t a i l  - with the age of the r a t  - 

implying trie simultaneous s t retching of the f i be r  i t s e l f .  
: .  0 - - 

a - Stressestrain properties of tendons were measured and w d e l s  f o r  crimp ,- 
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! i Diamant, J., K e l l e r ,  A., Baer, E., L i t t . ,  M., .and A r r i d g e ,  R. G. C.  

I 
8 

- C o l l a g e n ,  U l t r a s t r u c t u r e  and I t s  R e l a t i o n  t o  14echanical P r o p e r t i e s  as a  F u n c t i o n  * @ 

-7 o f  Age ing  
$ -- Proc .  R. Soc. London ( t l i o l , )  Vol.  180, pp. 293-315, 1972 - -- :- 

-- 
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- DIAMOND, George and F o r r e s t e r ,  James S. 
- E f f e c t  o f  Coronary A r t e r y  Disease and Acu te  M y o c a r d i a l  I n f a r c t i o n  on L e f t  
-3 V e n t r i c u l a r  Compliance i n  Man 3- C i r c u l a t i o n  4 5 :  11-9, Jan. 1972 

- a t i o n s  o f  r e s t i n g  h e a r t  s i z e  and geometry a l s o  p roduce  marked changes i n  t h e  P-V ::-@ 
-'"I 4 curve .  The f i r s t  d e r i v a t i v e  o f  t h e  P-V r e l a t i o n s h i p ,  however, i s  a  p r e c i s e l y  ' < 

f l  l i n e a r  f u n c t i o n ,  expressed b y  t h e  f o r n u l a  dP/dV=aF t b .  .The s l o p e  o f  t h i s  l i n e a r  < Q 
-? f u n c t i o n ,  a, termed t h e  p a s s i v e  e l a s t i c  modulus, has been shown t o  b e  independent  -: 
.F o f  i n i t i a l  volume and p r i m a r i l y  and p r e d o m i n a t l y  de te rmined  b y  changes i n  t h e  , 

s t i f f n e s s  o f  t h e  myocardium. Myocard ia l  w a l l  s t i f f n e s s  was e v a l u a t e d  i n  t h r e e  , ---. - 

e groups o f  s u b j e c t s  d u r i n g  LV c a t h e t e r i z a t i o n .  I n  1 3  normal  s u b j e c t s  a  00.005; i n  
- . 

L 13 w i t h  co rnonary  a r t e r y  d isease  a  0.011; and i n  1 2  w i t h  a c u t e  i n f a r c t i o n  a  =0.045, 
@ -, The d i f f e r e n c e s  i n  s t i f f n e s s  among t h e  groups were h i g h l y  s i g n i f i c a n t  ( P 4 . 0 0 5 ) .  ' i 
@!I* I t  was concluded t h a t  a  measurable change i n  v e n t r i c u l a r  comp l iance  o c c u r s  w i t h  a 
-: t h e  developemnt o f  co ronary  a r t e r y  d i s e a s e  and t h a t  a  f u r t h e r  i n c r e a s e  i n  w a l l  ;. 
y s t i f f n e s s  occurs  w i t h  t h e  developemtn o f  a c u t e  i n f a r c t i o n .  The magn i tude  o f  i n -  :- 
-: crease  i n  LV w a l l  s t i f f n e s s  c o r r e l a t e d  d i r e c t l y  w i t h  immediate p r o g n o s i s :  87% o f  1 O I 

. t h o s e  s u b j e c t s  w i t h  a a P / d V  g r e a t e r  t h a n  0.5 mm Hg/cc d i e d  o f  power f a i l u r e  d u r i n g '  @ 

e 
T - j '  -- --- ? / ?  -- ------ --_- 

, I  1 1 1 - - : - -  - 4 - . , I  ' / 

- e ,  
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: 

-- 
- e - ABSTRACT (Cont inued) :  s t r a i g h t e n i n g  were t e s t e d .  I t  was found  t h a t  a model 

' -  8 i c o n t a i n i n g  i n f l e x i b l e  h inges,  co r respond ing  t o  t h e  "elastics" prob lem i n  
- : .  9 1 - - mechanics gave reasonable f i t  w i t h  exper iment .  A n a l y s i s  o f  s t r e s s - s t r a i n  d a t a  . .  

_ on t h i s  b a s i s  leads t o  a  b a s i c  l o a d  b e a r i n g  u n i t ,  t h e  d i a m e t e r  o f  which i n c r e a s e s  0 
@--! f r o m  100 t o  500 mm w i  t n  t h e  age o f  the animal  . 
5 

. c 
I m p l i c a t i o n s  o f  these f i n d i n g s  f o r  t h e  s t r u c t u r e  and p r o p e r t i e s  o f  t h e  ten-  :. . - dons, a l s o  i n  r e l a t i o n  t o  ageing a r e  p o i n t e d  o u t .  - - a -5 ,:. a I 



1 I, 
I - Diarmnd,George and Forrester, James 5.  -2 < 
I Effect of Coronary Artery Disease and Acute Myocardial Infarction on Left 0 Ventricular Compliance in Man 

: Circulation 45: 11-9, Jan 1972 - - -- a  
I - a t  Ab stract:  Continued . . - the acute stage of their i l lness.  These alterations in compliance may invalidate 8 I -@-i certain tradional concepts of L V  function and hear failure. 0 - 1 -  
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..$Dieudonne, J.-M., Jean, C . - F . ,  Cartier, R . ,  and Dutertre, J .  @- @ 
Determination of Tissular Strain with a Tripod-Like Transducer I1 i? 0 
Hed. & Biol. tngng., Vol. 10, pp. 283-289, 1972 3- < - 

- 2  ABSTRACT: A tripod-like transducer has been designed to obtain basic mechan;cal ? . 
2 data in various biologic, particularly cardiovasuclar, structures. This report - .: describes properties of the tripod as revealed by particular calibration proce- . i - I 

dures. 1.. . 7; 3 Relations are studied between a force applied t 0  a spike and (a )  strain 
.--_ 

.-QRcorded from the tripod plate tee)  or  ( b )  the displacemnt undergone $ the t ip  5. C- 
b o f  the spike ( d ) .  Variables e, and d are found dependent on force magnitude and @ 

I -  . --#direction. Calculated from aescripti ve expressions, these variables f i t  experi- - 

*mental values satisfactorily.  These expressions are used t o  derive analytically - -:I 7 tne angle and maglli tude of force vector, the t issular  strain o r  extension ratio - • 
e-r: so as to render these data computable directly from recorded plate strains. The -1 . 

;!type of obtainaole information i s  i l lustrated by an aortic cyclic expansion and - 

-;jcompares favorably witt~ that obtained by method I. 
- a 

8 . -11 -.--, : . -.:, b- 
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__-i_--- - *--,- DOBRIN,  Phi l ip  B . ,  Doyle, James M .  

. circulat ion Research, 27,  105-1 19,1970 -. 

. Vascular Snooth Muscle and the Anisotropy of Dog Carotid Artery r: 
:I e 1 

I: Abstract:  Segments of dog carotid a r te ry  were held a t  in -s i tu  length and 2 -  @ I # studied in v i t r o  a f t e r  excitation of the muscle with norepinephrine and a f t e r  -- - e '  
poisoning of the  muscle with potassium cyanide. In-situ length corresponded - 

* - 1  t o  a logitudinal s t r a in  of - 5 7  2.02 r e l a t i ge  to  t h f  unstretched 1ength.The longi- 
@ 

tudinal e l a s t i c  modulus was about 4.1 X 10 dyn/cm a t  in-s i tu  length and zero 'L@ 
transmural pressure. This value was not a1 tered by exci tat ion of the vascular < 
smooth muscle. The longitudinal s t ress  due t o  t ract ion decreased as the longi- Q : 
udinal s t r e s s  due to  transmural pressue increased, and i t  was suggested t h a t  th i s  e, 
interact ion under1 ies  the re la t ive  constancy of vessel length in s i  t u .  The P o i s s o i ~ ' ~  
r a t i o  between the circumferential and longitudinal direct ions was about 0.3 and - 
was found to decrease s l i gh t l y  w i t h  act ivat ion of the vascular muscle. The d a t a  . @ 

for the longitudinal modulus and fo r  Poisson's rat ion were used to  c o ~ p u t e  the i. 8 ' 
circumferential e l a s t i c  modulus. Activation of the muscle increased the c i r -  - < 
cumferential e l  a s t i c  modulus when plotted as a function of circumferential strain: 
Comparison between the modul i in the two direct ions revealed that  the a r t e r i a l  - 

- ca 
wall i s  not isotropic  a t  physiological pressures because the circur~rferential 
el a s t i c  modulus i s  greater than the longitudinal modulus. Calculations indicated -- 
t h a t  assuming isotropy s l igh t ly  underestimates the t rue  circumferential modulus - C 
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'-1 Abstract (Cont'd) : . : - 0 1  

i 
Q 

0 - a t  small circumferential s t r a in s ,  and grea t ly  overestimates the t rue circumfcren- -- g ; > - <  t i a1  modulus a t  large circumferential s t r a i n s .  Active smooth muscle has l i t t l e  - : 
d i r ec t  e f fec t  on these estimations, b u t  does a l t e r  the e r ro r  by contracting - - 

the  vessel t o  smaller s t ra ins .  0 
I : ' I  - - 

3 ( b j  

;- a e (  
- e l a s t i c  modulus Poisson's r a t i o ,  changes in vessel length 7.- c .-. 
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DOBRIN, P h i l i p  B .  and Rovick, A l l e n  A.  3 -  0 
I n f l uence  of vascu lar  smooth muscle on c o n t r a c t i l e  mechanics and e l a s t i c i t y  o f  ? e 
a r t e r i e s .  - 

0 .>-- Am. J .  Phys io l .  217. 1644-1651, 1969 6- -i I: - 8 
3 * 

Abst rac t :  Segments o f  canine c a r o t i d  a r t e r y  were h e l d  a t  i n  s i t u  l eng th  and s tu -  : 
- I X i e d  i n  v i  t r o  a f t e r  t rea tment  w i t h  norepinephr ine (NEpi) and a f t e r  t reatment w i t h  - 8 
-5 potassium cyanide (KCN) .  A c t i v a t i o n  o f  the  vascu lar  muscle caused c o n t r a c t i o n  and - Q --., -, g r e a t l y  increased pressure-radius hys teres is .  The b lood  vessel musclesexhibi t e d  

- 

an a c t i v e  s t r e s s - s t r a i n  curve w i t h  a maximum s t ress  o f  .88 + .10 X 10 dynes/cm2 I 
f o r  t h e  whole w a l l  , o r  2.73 X 106 dyneslcm2 f o r  t he  es t imatgd smooth muscle 
component o f  the  w a l l .  A c t i v a t i o n  o f  smooth muscle increased the  e l a s t i c  modulus - 

-? when t h i s  was p l o t t e d  as a  f u n c t i o n  o f  s t r a ' n .  The a  t i v e  muscle e x h i b i t e d  a  1 - -- - i 5 -- 
- maximum e l a s t i c  modulus o f  3.99 == .08 X 10 dynes/cm f o r  the  whole w a l l ,  o r  g -  0 -& - 12.66 X lo6 dynes/cm* f o r  t he  est imated smooth muscle component o f  the  w a l l .  

- 
-2 ,- e 

A c t i v a t i o n  of smooth muscle decreased the  e l a s t i c  modulus when t h i s  was p l o t t e d  I; 

as a  func t i on  of pressure.  Th is  decrease was a t t r i b u t e d  t o  t he  reduc t i on  i n  t- 

rad ius  brought  about by the  a c t i v e  muscle. 
- - I  

key words: smooth muscle a c t i v e  s t ress ;  wa l l  volume; a r t e r i a l  e l a s t i c i t y ;  
-!I c r i t i c a l  c losure ;  l eng th - tens ion  curve 
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C . 

. a .  ; A b s t r a c t :  E l a s t i c  b e h a v i o r  o f  v a s c u l a r  w a l l ,  assuming t h e  v e s s e l s  t o  be ' t h i c k -  5 ' 3 -  
. w a l l e d '  and u t i l  i z i n g  f i n i t e  d e f o r m a t i o n  t h e o r y ,  was i n v e s t i g a t e d .  It was -.. I 0 i 
- found t h a t  c a n i n e  c a r o t i d  a r t e r i a l  w a l l  i s  n e i t h e r  i s o t r o p i c  n o r  t r a n s v e r s e l y  -r 

@ -!r i  ' 8 
I i s o t r o p i c .  P r e v i o u s l y ,  s t r e s s - s t r a i n  r e l a t i o n s  were o b t a i n e d  f o r  c a r o t i d  a r t e r i e s ;  , 8 .is; 

. on t h e  b a s i s  o f  membrane t h e o r y  (Doy le  and Dobr in ,  1971) .  S i n c e  s t r a i n  g r a d i e n t s  .:>.. .@ 

0 - ac ross  t h e  w a l l  a r e  f a i r l y  s teep ,  t h e  a p p l i c a b i l i t y  o f  such express ions ,  f o r  ' $ -  . -  O 
0 - 1 :  p o i n t w i s e  e v a l u a t i o n  o f  s t r e s s ,  r e q u i r e d  examina t ion .  The s t u d y  i n d i c a t e d  t h a t  31. T; 

t h e s e  r e l a t i o n s h i p s  between mean c i r c u m f e r e n t i a l  s t r e s s  and mean e x t e n s i o n  r a t i o  j:, : 
i n  t h e  c i r c u m f e r e n t i a l  d i r e c t i o n  c c u l d  be used t o  r e l a t e  t h e  s p e c i f i c  c i r c u m f e r -  ;I- 

e n t i a l  s t r e s s  v a l u e  t o  t h e  s p e c i f i c  e x t e n s i o n  r a t i o r a t  any d e s i g n a t e d  p o i n t  w i t h -  r-.-. 
i n  t h e  w a l l .  From t h i s  a n a l y s i s  i t  was p o s s i b l e  t o  e v a l u a t e  c i r c u m f e r e n t i a l  and -!-. @ 

. r a d i a l  w a l l  s t r e s s e s ,  Bo th  o f  t h e s e  s t r e s s e s  a r e  maximal a t  t h e  i n n e r  s u r f a c e  ,:'% d I 

8 .- o f  t h e  i n t i m a .  A t  t h i s  p o i n t  t h e  r a d i a l  s t r e s s  i s  equal  t o  t h e  t ransmura l  p r e -  ;$. 6 , 

- s s u r e  and i s  compress ive ,  w h i l e  t h e  c i r c u m f e r e n t i a l  s t r e s s  i s  t e n s i l e  and i s  
:.$- a 

- - - - . . . 
O 1.5 t o  2 t i m e s  t h e  v a l u e  o f  t h e  mean s t r e s s ,  i . e .  t h e  p r o d u c t  o f  t r a n s m u r a l  p r e -  ::;.--& 

L:; ssure  and t h e  r a t i o  o f  i n t e r n a l  r a d i u s - t o - w a l l  t h i c k n e s s .  B o t h  s t r e s s e s  a r e  &- 

0 .:, 
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1. - ?-. 0 ,  
1 - -  DOYLE, J. M. and DOBRIN, P.B. 1: @ I 

: F i n i t e  Deformat ion Ana lys is  of t h e  Relaxed and Contracted Dog C a r o t i d  A r t e r y  -' 6 ' 
-- Mi crovascul  a r  Research 3, 400-41 5 ,  1971 

I .  : ,- :- - e 1 ;. > -- A b s t r a c t :  E l a s t i c  behavior ,  o f  dog c a r o t i d  a r t e r i e s ,  was i n v e s t i g a t e d  u t i l i z i n g  7- 
; f i n i t e  deformation theory .  Excised segments o f  a r t e r y  were h e l d  a t  i n  s i t u  -- 
: - l e n g t h  and i n f l a t e d .  Measurements of l o n g i t u d i n a l  fo rce ,  i n f l a t i o n  pressure,  2. 

and d iameter  were made con t inuous ly .  Tests were conducted a f t e r  a c t i v a t i o n  o f  : Q - 
t h e  vascu la r  smooth muscle w i t h  norepinephr ine and again a f t e r  p o i s o n i n g  w i t h  - i': ' . -- potass ium cyanide.  The vessels were found t o  be a n i s o t r o p i c  i n  t h e i r  unst ressed 

; s t a t e s .  The p a r t i a l  d e r i v a t i v e s  of t h e  s t ra in -energy  d e n s i t y  func t ion ,  w i t h  
: : respec t  t o  t h e  c i r c u m f e r e n t i a l  extens ion r a t i o ,  were computed. These f u n c t i o n s  z -- 

a - f increased exponent ia l  l y .  A c t i v a t i o n  o f  the  smooth muscle caused a marked increase. 
i n  s t i f f n e s s  i n  the c i r c u m f e r e n t i a l  d i r e c t i o n ;  l o n g i t u d i n a l  s t i f f n e s s  was o n l y  8 
s l i g h t l y  a1 tered,however, I t i s  demonstrated t h a t  t h e  inc rementa l  modulus o f  := + 

'L e l a s t i c i t y  i n  t h e  c i r c u m f e r e n t i a l  d i r e c t i o n  i s  g r e a t e r  than  t h e  l o n g l  t u d i n a l  > . 
modulus throughout  most Of  t h e  range of s t r a i n  covered by  these experiments. 3- , - -  -- +._ 

% 
-1  - 

. . --- 
_ _ I  1 , 

. . - I'?-c.rs 
-'-I% L= " 

- -  
~ ~ ~ ~ ~ ~ . ~ ~ ~ O O ~ @ ~ ~ @ I ~ O ~ O ~ ~ ~ ~ ~ I @ ~ ~ ~ ~ * ~ ~ * ' ~ ~ ~ ~ ~ '  

- ,  1 .  I ' 1 I I '  
- 0- _ +  , ( , , , 1 , L ~ ~ . . w ~ . ~ i , . , ~ i r ~ : l ~ i o l l 9 ~ 1 ~ ~ ~ i ~ ~ 6 i ~ ~ : ~ ~ i ~ ~ i ~ z i ~ ~ i ~ i ~ i ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~  \ ~ I I "  

-111 
4 

DUGGAN, T.C. - Dynamic Mechanical T e s t i n g  of L i v i n g  T issue  
7 t h  1 n t  .conf .on Ned ica l  and B i o l o g i c a l  Engng, Stockholm 27-1 3 1967. 

-Fir. ? 
Abstract:Thepe a r e  no w e l l  e s t a b l i s h e d  methods f o r  t h e  measurement the i 

p r o p e r t i e s  o f  i v i n g  human t i s s u e .  P r e l i m i n a r y  r e s u l t s  from a dynamic . - .  ' 
in-YiVD method of mechanical t e s t i n g  o f  human t i s s u e s  have t o  d a t e  n o t  shown 2 i 
t h e  f o r c e / d f s p i  acement c o r r e l a t i o n  w i t h  o t h e r  parameters 3 egg age, sex*  etc* 
"ported i n  severa l  s t u d i e s  o f  the  s t a t i c  response of Post-mrtem lnaterial 

1:. . ! 
I-. 

1 -  . 
* -  - -- a 
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10 l - 6 - -  Dutertre, J . ,  Jean, C . - F . ,  Cartier,  R. aqd Dieudonne, J.-M. ;?- 6 I l - Measurerrent o f  Tissular Strain with a Tripod-~ike Transudcer * 1 
r~ , l Med. & Biol. Engrg. , Vol. 10, pp. 277-281, 1972 -- 
t -  c $2 -- - 

I l - 1  ABSTRACT: A tripod-like transducer i s  designed for measurement of s t ra in  : g - 1 l - patterns in biologic sof t  t issues. A general procedure i s  described to allow Ib 

l - 
conputation o f  t i s su la r  strains from recorded transducer s t r a i n s ,  on the follow- 
ing principle: -- - 0 

0-2 Known s t ra in  patterns are created in an a r t i f i c i a l  t i s sue  (rubber f r a m )  --- 
l - for three standard orientations df the transducer. Recording of plate  s t ra ins  1 c-  

+r 

l 5 allows specification of a matrix of nine constant coefficients.  These charac- ;- @ 

l - - t e r ize  the transducer and are used to  compute any biologic s t a t e  of s t ra in  d - 
-1 within the accepted assumptions and tested range of s t r a in .  A deformation 

l 
: e n  

-+ of a l e f t  ventricular wall during a cycle i l l u s t r a t e s  the general procedure. +--- 

l -: 
l ,121 
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? . 
- El l i o t t ,  D.H. 4.. I - Structure a n d  Function of Mammalian Tendon 4- 

Biol .Rev. 40,pp.392-421, 1965 ---- 
?I. . 
$ 

1 Abstract: Without tendons the eff ic ient  production and limitation of movement :.- (- 
@ -  by muscles would not be possible. Their role i s  passive, the i r  metabolism - 
i relat ively inert and their  immunity from disease almost complete. Tendons a re  - - - e 

a specialized form of corrective tissue uniting muscle and bone and as such - - have functions essential to normal mobility. The structural unit  of tendon i s  
the f ibre ,  consisting of f i b r i l s  of collagen, encircled by the anastomosing - -  - 

- processes of f ibroblasts .  Orientation of fibrous t issue in tendon supports A - 
-: hypothesis of mechanical influence upon tendon growth. Tendon thickness may -- :- 
- vary with muscle cross-section. The tendon has a tens i le  strength that  i s  four i,. 

s great as the maximum tension t h a t  i t  has to transmit in vivo. i;; 4- 
I 

4- @ 
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i 3 v  9"' (, 1 
, 21- - 

? - '3 r j t  a :  o' IC' r ' .  n ' ,  ~ ' L I G ' B I ~ ' ~ ~ o ' I - F ~ I ~ ~  - - A ~ ~ - ~ ; I - ~ / ~ : R ' J ' O ; L - ~  iTU6:dlLEs . 3 i z & ~ ' r t a  r ~ ~ i s f c  _._LA L -- ' - , , '  

I 

e - e . . e . e e e . o e e e e e e e @ e 0 e e e e e e . . e e . e e e e e e O  
I 

e -  . 
1 - 1 - . I , ,  

? . ,  
8 '  1 : 

1 ,  , J 3 , 3 2 : i 1  . - . . d l ? ,  - l : ~ ~ ~ ~ , ~ ~ ! - -  2 1 , - o l ~ 9 ~ 1 ~ 1 1 7 i 1 ~ 1 1 5 ~ ~ 4 ~ ~ 3 j ~ 2 ~ 1 1 ~ 1 0 1 9 i 3 ~ ~ ~ ~  5 1 4 ! 3 1 : ! ,  .@ 

-2 :: 
0 :  $i 1 - 1 -  
e -? + 1 

r z -  

ELLIS, D. G. Y$- 1 - 1$ -. Temperature effects  on the dynamic and transient mechanical behavior of tendon 2 .  

Tech.Report No . l1 ,  Univ of Michigan Medical School ,Dept. Phys . Med. & Rehabi 1 i ta-3,. 
, t ion.  1970 - 13.. I 

7- ':' ABSTRACT: Elongation responses of cat  extensor digitorum conmunis tendon to  i- - 
-,: triangular wave loading and t o  constant loads achieved by ramp loading were 1 < e IS1 studied over a temperature range from approximately 22' to  55OC. 2 - 
-: Attempts to  develop a mathematical model fo r  the mechanical behavior of !-- <. 

- 0 " tendon were unsuccessful but did show t h a t  the damping displayed by cycl icly - -  
loaded tendon could not be adequately described by a l inear  d i f fe ren t ia l  equation.--. @ 
in load and elongation or  by simple Coulomb f r i c t i on  as the major diss ipat ive 
process. 
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Coronary Pefusion 
Path. Vo1.88, 497-507, 1969 

were -elated t o  age from concel;:'on, body weicnt,  and 2ody lengtn 
g t o  t le law of al lometr ic  growth. [.!amber volumes could be ca lcu la ted  
ume i r j i c e s  used in the  pas t .  Each ~f the  dependent var iab les  codid be _ .a 

fron one o r  two of the th ree  independent var iab les .  The tabu la ted  
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-L Edman, K . A . ?  and Nilsson, E.  
. .. The Mechanic~l Parameters of Myocardlal Contraction Studied a t  a Constant Length 

- 9  i , 

.:Abstract: The time course of the  a c t i v e  s t l i e ,  t h e  fo rce-ve loc i ty  r e l a t i o n  and 
l l a r y  muscles of t h e  6 

1 

ength s t a t e  of t h e  con- 1 

c o u 1 d b e f i t t e d b y H i l l ' s  6 
afred c ~ s  t an t  during t h e  a c t i v i t y  per iod ,  i e motion 3 l d  the abi  1 i t:f t o  prcduce tension 
cardiai  cn t rzc t icn  cviie.--The a c t i v e  s t a t e ,  

e f i n i t e l y  progrzmned s t  t h e  s t a r t  of the 
ermined 5.1 t h e  azount of shortening of the  --- 

11 c o n t r a c t i l e  e l w e n t  during the a c t i v i t y  perioc .--The s t i f f n e s s  of t h e  s e r i e s  -:/ e l a s t i c  e l  m n t ,  a t  a given union, was i n d e p ~ r  dent  of t h e  i n t e n s i t y  of t h e  a c t i v e  
ce-oroducing s t r u c t u r e s  i n  @ 

l l y  t o  the s e r i e s  compliance of t h e  ca rd iac  

-- - - . . . - . 



-d- 

@ O ~ ~ O Q 8 y Q @ Q O @ @ @ @ @ O @ O @ @ @ ~ O O O @ O @ O O  . I . . 
. ! 9  3 9 - . ! j i , 5 , 3 f i ~ ~ : , ! ,  *-> ? , ;  ; 1 : , 5 i :  3 ! 2  1 %@ ----- -- ;. 

cT;- 

d e l  s :  h o l  low, f l e x i b l e  reproduc t ions  I 

P h y s i o l  . 2 3 ( 4 ) ,  531 -533, 1970 

t: Hol low l a t e x  models o f  t h e  r e s p i r a t o r y  a i rways a r e  made u s i n g  a meta l  -;- , 
p a t t e r n .  Coa t ing  t h e  p a t t e r n  w i t h  l a t e x ,  c u r i n g  t h e  l a t e x  -7 

oat te rnproduce  t h e  f i n a l  model . Tile model reproduces t h e  
2 .  I -. 
1- 

t h e  r i g i d  l u n g  w i t h i n  1.6%. Airways as sma l l  as 0.5 mn ;-- ,:. . r -  :- < 
13 

rubber  r e p r o d u c t i o n ,  pulmonary model ; r e s p i  I ;tory dynamics 

- 
8 

5 
;- c. - :: (i 

2 -  9 
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L;. - Engin, A l i  , E. j nd  Wang, Han-Chou 1; - 13 ; f A Mathemat ica l  1 ode1 t o  Determine V i s c o e l a s t i c  B e h a r j o r  o f  In v j v o  Pr imate  B r a i n  r: # 3  
-_ Journal  o f  B i o m  chan ics ,  Vol. 3, NO. 3, pp. :,:?-296, 1970 

e-: :- r >  . . 
i; - t) 2 - z ~ b s t r a c t :  Detet n i n a t i o n  o f  mechanical p r o p e r t i e s  07  t h e  c o n s t i t u e n t s  o f  t h e  head . g 

. ;: i s  very e s s e n t ~ ;  l f o r  the  c o n s t r u c t i o n  o f  v a r i o ~ r  t h e o r e t i c a l  and e x p e r i ~ n t a l  
-head i n j u r y  ;odeis. Th i s  pacer  represen ts  a ~ ~ m e m z t i c a l  model f o r  t h e  e v a l u a t i o n  . . t t  

0 - -  o f  v i ~ c o e l a s t i c  5e i . av i c r  o f  i n  V ~ V O  p r i m a t e  L;ain. From a  t h e o r e t i c a l  m c h a n i c s  r a - -.-.<point o f  v i e s ,  t i l e  ~ r c r l e g  b r i n g  cons idered  i s  co at o f  t h e  s teady s t a t e  response 
:7 -: c h z r a c t e r i s t i c s  u f  a s o l i d  ro i le re  o f  l i n e a r  i i s c o a l c s t i c  m a t e r i a l  whose m a t i n 9  
! I s u r f a c e  w i  i n  the r i  li C c c n t a i r l e r  i s  f ree  f rom s h r a s  s t r e s s e s .  The e x t e r n a l  l o a d  

. 9 - -  i s  taken t o  be a  l o c a l  r a d i a i  h a r n c n i c  e x c i t a t i o n :  F i r s t  t l ~ e  response o f  t h e  
f I e l a s t i c  i ~ l a t e r i a l  i s  determined; I 6 t e r  the e l a s i i :  response s o l u t i o n  i s  c o n v e r t e d  t,o 

-'--:-,is coei a s t i c  response s o l  u t io l :  through t h e  use r i  t~;, correspondence p r i n c i p l e  
- .  8 ';applicable t o  s teady s t a t e  p s c i i l a t i o n s .  The p a r e f  i s  concluded w i t h  a  d i s c u s s i o n  1 8 

0 !of a  m t h o d  whict enables t h e  d e t e r m i n a t i o n  o f  t(i2 cunp lex  dynamic shear  m d u l u s  
i' @ -';of i n  v i v o  p r imate  b r a i n .  

7-  
- 
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EVANS, F. G. and P a t r i c k  L.M. 
e ' - Impact A c c e l e r a t i o n  Stress:  Proc. o f  a  ~ ~ . ~ o s i u r n  w i t h  a  Comprehnrive Chronologic - <- ! B ib l iog raphy ,  P.  159, NAS-NRC Pub. 977, Hash. 1962. ..., = e  ' 

! @  - 1:- 5 . IMPACT DAMAGE TO INTERNAL ORGANS 
L.- 

? e - 
5 -  

. @  - ABSTRACT: I n j u r i e s  t o  i n t e r n a l  organs c o n s i s t s  o f  contus ions,  l a c e r a t i o n s ,  and 1 
- -  r u p t u r e s  a r i s i n g  from t h e  var ious  types o f  s t resses  and s t r a i n s  produced by im- -1. 

.-, p a c t  t o  d i f f e r e n t  p a r t s  of t h e  human body. One o f  t h e  most f r e q u e n t  causes o f  - 
i n j u r y  i s  automobi le  acc idents d u r i n g  which t h e  occupant i s  i n j u r e d  by impact .-- @ 

8 w i t h  some p a r t  of t h e  c a r  o r  by e j e c t i o n  f rom the  car .  Th is  a r t i c l e  
d iscusses impact t o  tho rac ic ,  abdominal and p e l v i c  v i scera .  I n v e s t i g a t i o n  o f  - 
t h e  d i f f e r e n t  types of i n j u r i e s  a long w i t h  t h e  i n s t r u m e n t a i t o n  necessary f o r  T -  

- d e t e c t i o n  of t h e  i n j u r i e s  i s  discussed. - 
- 2. 
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F. Gaynor and V i  n c e n t e l l  i , Raul 
- ,  R e l a t i o n  o f  Col lagen F i b e r  O r i e n t a t i o n  t o  Some /.lechanical P r o p e r t i e s  o f  Human 
.= C o r t i c a l  Bone 

9i.i. J o u r n a l  o f  Bio;nectlanics, Vol 2, No. 1 , pp. 6 3-71, ,1969 

at isc :  Kere  found b e k e e n  dark osteons - 
:. 9 . 
-4 

w e r t  found between 1 i ght os teons alc;;~e, :. . a 
and the  (1 )  s i n g l e  s h e a r i n g  s t r e n g t h  ant L ,,- 8 

5-- 
2 r9 c o r r e l a t i o r l s  were found amng t h e  v a r i o u s  types - 

algne,  o r  when combined w i t h  t t l c i  r f ragments, dnd the  mechanical .-. ,.: - Q 
of  :he speciinens. :. @ 
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- -  F a l l e n s t e i n ,  G. T. ,  Hulce, V. D., and !!?lvin, J. W. ,:'a 4 
@ '.;- Dynami 2 Msc"ani c a l  P r o p e r t i e s  o f  Human R r a i n  T issue  1 . 4  

@ ' . :  J o u r n a l  o f  Biomecitanics, Vol. 2, No. ?. pp. 217-226, 1969 --. , - '  :!- 1 . * '  .4, --- - 
-7 -'::' Abs t ra : t :  Inves ti gators have been s t  ddy ing t h e  mechanical phenomena assoc ia t - ld  . j: ' - w i t h  i q p a c t  t o  the  head f o r  many ye3;-s. Severa l  t l i e o r i e s  on t h e  b e h a v i o r  o f  :he - . ' 

b r a i n  j u r i n *  l lead i j a c ?  :iaue coae rrol,: t h e r e  s t u d i e s  b u t  t h e r e  has been a n9:able 
l a c k  o f  i n f r j r m a t i o n  on the  b u l k  m e c t ~ a ~ i ; c a l  p r o p e r x i e s  o f  t h e  b r a i n  wh ich  a re  

?I.: necess, l ry  f o r  t n e  e v a l u a t i o n  o f  these t h e o r i e s .  Th is  paper  r e p r e s e n t s  an i n i t i a l  . , - -I: atternp; a t  p r o v i d i n g  sucn i n f o r ~ i a t i ~ r .  
. - .  . 

T ~ ~ e d y n ; i m i i c c ; n p l e x s h e a r n o a ~ ~ ~ : o f i n v i t r o s a ~ l e s o f h u m a n b r a i n h a v t i  , 
een m:asure! S~cc i r rens  frol;\ e i g h t  ;rains have been s u b j e c t e d  t o  a s i n u s o i  da l  

- : ,  shear  s t r e s s  i n p u t  u rder  resonant  :ondit lcns i n  an e lec t ro -mechan ica l  t e s t  dev ice.  . . -  
e s t s  :;are co:,crctfd t o  de ts r~ : i i ne  t h e  F , ' . ' E c ~ s  o f  t ime a f t e r  d e a z h ,  r e f r i g e r a t j o n  
f m a t 2 r i a l  a r ~ d  snear  s t r a i n  dmendencc;.. A dev ice  t o  w a s u r e  t i l e  dynamic p roper -  

v i  vo i s  a e j c r i b c d  a,ld prel, ini inary da ta  on i n  v i v o  t e s t s  on 
esus m n k e y s  i s  presented. 

T7e res l ; l t s .o f  the  dynamic shear  '.?;ting on i n  v i t m  human b r a i n  i n d i c a t e  _ -- 
r;iodulus G '  l i e s  be tw i?n  6-11 x 10~dyn(crn~, t h e  l o s s  modulus 

. . 
3-5 -6 -0  x 103 dyn/cm2 a r k  t h e  l o s s  tanglent t a n  6 i s  i n  t h e  - .. -. 
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e z 7 ' - F F i ~ X - ~  : ,- H U B E R D E ~ ~ , R X N D  DUBOW, H . I . a  
Lumbar I n t e r v e r t e b r a l  Disc Degeneration - The in f luence of  geometr ical  f ea tu res  ' < I 

on t h e  p a t t e r n  of d i s c  degeration--A pos t  mortem study.  i: @ F- e : 
J.Bone.Joint Surg . (AM) 54~492-510,April 1972 ri 

1% a 4 

- Abst rac t :  The inc idence of rup tu re  o f  t h e  anulus f i b r o s u s  i s  n o t  u n i f o r m  a t  a l l  
- 

l - - I  l e v e l s  i n  t h e  lumbar spine.  I t  i s  customary t o  l i n k  t h e  h igh  i nc idence  o f  anu lar :  @ 

l .d rup tu re  a t  t he  lower lumbar l e v e l s  w i t h  t h e  s t ress  o f  weight-bear ing,  and i t  has : l 

t 
- -7 been assumed t h a t  t h e  lower j o i n t s ,  suppor t ing  t h e  g r e a t e s t  p r o p o r t i o n  o f  body - < a  - 1 - 1  

l 7 weight, a re  t h e  f i r s t  t o  suffer from t h e  e f f e c t s  o f  compression load ing.  However, 
t h i s  assumption does n o t  seem v a l i d  because t h e  anulus has been shown t o  be very -- l , 

l -:I r e s i s t a n t  t o  compression loads, much more r e s i s t a n t  t o  compression than a re  t h e  - -  
, a  - ve r teb ra l  bodies.  From a roentgenographic and anatomical study o f  182 lumbar 2:-• 

l -I A Mathematical Model f o r  A r t i c u l a r  Car t i l age  G @ 
, 7 t h  I n t .  Conf. on Medical and B io log i ca l  Engng, Stockholm 38-3, 1967 :- @ -- 

: 

, 

- 7  spines obta ined a t  autopsy conclusions were reached. i * ,  -. 1 
a - = ,  

-r, 
:. . ( -. 

l -*:, L : 
a . :  I F -  -. - . - . -- 
a  : 3. -- 
a  -- - :. . 
a  - : - -- 3 a 1  
a  . - ,- 7 '  ---- -- - -  - - ----  - .----- - - - - . . 
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a  -- - . a  
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a  :: " e 
-,I ABSTRACT: Various hypotheses have been presented on t h e  s t r u c t u r e  o f  a r t i c u l a r  : l 

-. . 

I 
i 

1 
I 

? c a r t i l a g e ,  one of  which i s  based on a hydromechanical model . A compari son be- -- 
a  - -  - tween the  response of t h i s  model, on t h e  bas is  o f  i t s  equations, and observat ions - 
a  r: -- o f  c a r t i l a g i n o u s  t i s s u e  placed under' vary ing s t ress ,  u t i l i z i n g  a l a b o r a t o r y  se t ,  
l -i reveals many discrepencies.  This rngthod has the  advantage t h a t  repeatab le  t e s t s  f 

@ - can -be performed under near phys io log ic  cond i t ions .  The se lec ted model C. 

l _L s a t i s f a c t o r i l y  i n t e r p r e t s  the behavior o f  c a r t i l a g e  under dynamic s t ress ,  as : a  
l .;, observed exper imen ta l l y  and the  analog computer ana lys i s  i s  most u s e f u l  i n  - 
..- : t h e  i n t e r p r e t a t i o n  of t he  observations. -- E -  . O 
.-I 1:. 
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I - FENN, Wal laceO. 

. 
-i A Q u a n t i t a t i v e  Comparison Between the Energy L ibe ra ted  and t h e  Work Performed 

by the  I so la ted  Sa r to r i us  Muscle o f  t he  Frog. -;-- • 
J. Phys io l  . ,Lond. 80, 277-297,1924. .> ;. • 

2 -  0 
ABSTRACT: (fin summary) The o lde r  work on the  heat  p roduc t i on  o f  muscles al lowed - 
t o  shor ten  has been repeated and extended w i t h  t he  use o f  t he  s a r t o r i u s  muscle : 

, of  t he  f r o g  ins tead o f  the  gastrocnemius. Q u i t e  d i f f e r e n t  r e s u l t s  have been 
- -  0 -- 

- 1  ob ta ined which are apparent ly  due t o  d i f f e rences  i n  t he  anatomical s t r u c t u r e  o f  C 
t he  two muscles. :. 

The experiments prov ide  a new exp lana t i on  of t h e  p a r a l l  e l  ism between -. 
the work o f  the h e a r t  and i t s  oxygen consumption. 1 C -.- 

: a ,  - 
I ? .  ' - 

@ I  
151- a : 

I tih ir 

E. e : 
-3 ,,,. < z - . 

--7 

--- 
I= ' EI I  c - I  ' I G ~ ; , S ~ :  ~ I C L L '  , Q ; S I L I I ~ ~ ~ I L  B Q $ 1  6 ; ~  ~ S ~ ~ : ~ ' : Z ~ I F - C I I ~  5 : 7 % E Z ~ ~ ' z 7 s , i  c c '  ,l:Fc rcc 7 E , - - 

@ L - - ! L L L 2 * L L - -  , ' *- , 

------- - i t .  , ( I .  . e 

- - ' -  L.- -- - - 
e ~ e e e e d e e e ~ J e . e e e ~ e , e e o ~ a o ~ ~ ~ o ~ a o d ~ ~ ~ .  I "  . . . I . . . ,  

7 1 .*3 jFr;;-, - g-- - I----- L - , : ,  , . I  r @-a 
. - 
161- 9 -.. - 
: 0 

FICH, S. & WELKOWITZ, W. 
A TAPERED REFLECTIONLESS MODEL QF THE AORTA Fz --- 
7 th  I n t .  Conf. on medical and B i o l o g i c a l  Engng., Stockholm, 27-2, 1967 I ? 4 p  - -- • 

5 -  
1 Abst rac t :  Th is  paper deals w i t h  a mathematical model o f  t h e  ao r ta  which assumes : .  -- a geometric and e l a s t i c  taper ,  considers t he  b lood  a lumped mass and neg lec ts  :. e h r e f l e c t i o n .  The model was essentua l ly  v e r i f i e d  by s topp ing t h e  hea r t  i n  dogs ? e by e l e c t r i c  pu l sa t i on ,  and observing the  t r a n s i e n t  recovery.  F< 
7. 
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ium under i s o m e t r i c  o r  
o n t r a c t i  l e  f o r c e  between 

a i n  gauge; rnyocardi;? fo rce ;  c o n t r a c t i o n  s t r e n g t h  . : - 
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L F i e l d i n g ,  J .Wi l l i am 
@ - Subtrochanter i  c  F rac tu res  j -.- 

- Cl in.Orthop., 92: 86-99, May 1973 
$ " 

- - Abstract:Subtrochanteric f r a c t u r e s  a re  an e x t r e m l y  d i f f i c u l t  o r t h o p e d i c  problem. I 

-,:I 

- A rev iew o f  t h e  biomechanics and c l i n i c a l  management i n d i c a t e s  t h a t  s t r o n g  '- .I, f i x a t i o n  devices, such as theNZ icke l  n a i l "  as w e l l  as heavy one p i e c e  J e w e t t  
. - 9 

-: k' n a i l s  o r  i n t r a m e d u l l a r y  rods, w i t h  o r  w i t h o u t  a d d i t i o n a l  f i x a t i o n  and g r a f t i n g ,  
<. 

- a r e  genera l l y  necessary f o r  r e l i a b l e  i n t e r n a l  f i x a t i o n .  1.. 

~ ~ m @ @ e e e @ ~ m m @ @ a @ @ e e ~ e @ e @ e e e e e ~ e d ~ m e e e e ~  , . I *  L ----+-, . . 7 ,  

- 3 , , . I  , -- - - I l l  I 3 ,  ; , , I  ; , ; a ,  @ 

@Ti i i e l d s ,  R. W. And iaber ,  J. J .  ?= = @ ,  
0 ' ;  Biophys ica l  Ana lys is  o f  the  Mechanical P r o p e r t i e s  o f  t h e  Sarcolemna 2 .  

1 - 1  Can. J. Phys io l .  Pharmacol., Vol.  48, pp. 394-404, 1970 
4 .= : @ - -  1. -- <.'I ABSTRACT: This  paper attempts t o  e x p l a i n  t h e  complex mechanical p r o p e r t i e s  o f  t h e  a 

sarcolemma o f  s i n g l e  muscle f i b e n .  Prev ious ly  p u b l i s h e d  measurements on r e t r a c -  - >'q  t i o n  zones o f  f r o g  semitendinous f ibe rs  were used as a b a s i s  f o r  computat ion. A -: a 
@ -b sornehat s l a c k  system o f  h e l i c a l  f i b e r s  i n  t i l e  s a r c o l e m  can adequately account a f o r  t h e  observat ions,  It exp la ins  t ~ ~ e  shape o f  t h e  tens ion-e longa t ion  curves o f  - 8 
8 -,I sarcolemna and i t s  an iso t ropy .  I t  permi ts  t h e  d r a s t i c  t r a n s f i g u r a t i o n  f rom normal - 6 * ./il shape t o  r e t r a c t i o n  zone shape i n  the absence o f  undue s t resses .  The ang le  of I' 

bn the  h e l i c e s  has c a l c u l a t e d  t o  be 55' i n  the  muscle f i b e r  a t  r e s t  l e n g t h .  Th is  - 
@ -c i s  a l s o  the ang le  p e r m i t t i n g  maximal volume o f  t h e  muscle f i b e r .  The Young's 
-4 m d u i u s  o f  t i le f i b e r  system was c a l c u l a t e d  t o  be i n  approximate a g r e e m n t  w i t h  2.- 0 
9 -,i the m d u l u s  pub l i shed  f o r  co l lagen.  Wi th t h e  s i n g l e  a d d i t i o n a l  assumption t h a t  = -  @ * 

6 - y  muscle f i b e r  volume has a c e r t a i n  value w i t h i n  the  range p e r m i t t e d  by t h e  m a s u r e -  - 
m n t s ,  the  h e l i c a l  system can be shown t o  l i m i t  muscle f i b e r  l e n g t h  between 70% 0 - -  a and 140% of i t s  r e s t  length.  The proposed h e l i c a l  f i b e r  system i s  thus found t o  '-- have p r o p e r t i e s  t h a t  mike i t  a l i k e l y  candidate f o r  t h e  p a r a l l e l  e l a s t i c  e lement  . * o f  muscle. 
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-7 FINLAY, J.B., Hunter,J.A.A. and Steven, F.S. I+ 
- Preparation of human skin for  high-resolution scanning electron microscopy - 1) -: -- using phosphate buffered crude bacteri a1 a-amylase @. , 

L -  - - J r .  of Microscopy, Vo1.93, Pt.1, pp.73-76, Feb.1971. 
3 h. e , .-. 1. e -: Abstract: A technique for  preparing human skin for  high-resolution scanning . 3 @ 

electron microscopy using phosphate-buffered crude bacterial  a-amyl ase i s  
'> described. Effects of the buffer solution alone are  studied as well as the - @ 
-; proteolytic ac t iv i ty  of the enzyme solution used. The biochemical implications 

-- < 
of these observations are discussed with regard t o  the in s i t u  s t ructure  of the - e 

l : t issue.  -. 
-* : e . - i - 
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1 '  FINLAY, J.B. 

studies of human skin. Torsional character is t ics  in re la t ion t o  

University of Strathclyde, Glasgow, 1970 
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- FIItLAY, 6ryan 13 -: :ht Torsional C$ar ic te r i s t ics  of Human Skin In Vivo 
I Biored Eng. 6:567- ' 3 ,  Dec. 1971 , 
-, 1 2 -  0 t - 

Abstract: A rotary position servo has been used t o  assess the in-plane dynamic ;- , - mechanical charactnriestics of the human skin on the forearm. Forty-three - 
: @ I  heal thy individual: cornorising 7 females and 36 males in the age range 7 t o  63 

% years were t e s t  1. The technique has provided an objective quantitative measure- :LO 
- - ment of the low-load extensibi l i ty  of human skin in v'vo. The broad range of ;- c- 

8 resul ts  encc: te red  i'l the measure~nent of lorr-load e x ~ e n s i b i l i t y  was of par t icu la r  o 
- i n t e r e s t .  fll ttcru~n tne number of female subjects was :ma1 i there was no indication 
.r of any s e i  ~:;ende-,ce. However, an age dependence was noted in some of the re- ; - r corded oaramete~.; . - -- 
-L The technique s'iould prove t o  be of value in p las t ic  surgery, studies of aging- * 

and a wide range o' c l inical  conditions. A t  a researcn level ,  the f u l l  .signifi-  , @ 

@ -_IJ cance of the press.it results will not be known until they have been correlated - o 
- with biochernic31 aqcl microscopical investigations. - - ;- e -- -: -.. i -  0 
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Frisen, M ,  I;, Sonner~~p,  L and Viidik, A .  -4. , 
-e, Rheologogl cal Ani:yais of Soft Coliagenous Tissue. Palat 11: Experimental ; 0 - Eva1 uations and \J?ri f i  cations. C 

@ - I  Journal o f  ~ '~mec r i an i c s ,  Vo1.2, 140. 1 ,  pp.21-28, 196:. 
:- e ; 

-- - T 

e - -  . , :. 0 
\ - 
$ Abstract: P s  : d'rect continuation of Part I ,  where the theoretical back- - 0 

C) - ground for  thl. rn!oiog~cal model was discussed, possiole o ~ e l i t i o n s  on the 8 

. 
rodel are ( ! ' :LUS~!~  and periorlrea on i n t e r i o r  cruciate l igarent  preparations 8 

0 - 
from rabbi L; Different rnetnods of eval uating node1 ccnstants are compared 

- and othermatr~c~at ical  expressions riian those of tile model proposed are t r ied  
8 

* - and d1scc;sed. ~ d e l  parts are veri f l e d  and nu~ilericzl values are given for  - -  
' - certain c o n s t ? ~ + s .  0 
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- F l a h e r t y ,  John T., P ierce,  Joseph E., Ferrans, V i c t o r  J., Pa te l ,  D a l i  J. ;. S -- 
Tucker, W.Kirk and Fry, Donald L.  I -- :A $3 

;;; ' 1 Endothel i a l  Nuclear  Pat terns i n  the  Canine A r t e r i a l  Tree w i t h  P a r t i c u l a r  2 ,  6 
Reference t o  Hemodynamic Events 8-'1 - 1 -  QB 
C i  r c u l  a t i o n  Research, Vol 30, pp 23-33, Jan ,1972 , b ., -. i c 1% @ - 3 Abst rac t :  The o b j e c t i v e  of the  s tudy was (1 )  t o  measure s y s t e m a t i c a l l y  the  k 31. .. 0 

, morphology, and popu la t ion  d e n s i t y  o f  e n d o t h e l i a l  n u c l e i  o f  the 
+- 0 

a c i c  a o r t a  and i t s  major branches and ( 2 )  t o  o b t a i n  evidence i n  a  "- C 
chronic  i n  v i v o  p repara t ion  t h a t  a1 te red  f l o w  p a t t e r n s  do indeed change - -  C -- pat te rns  of nuc lear  o r i e n t a t i o n .  For t h i s  purpose, a  segment o f  the  descendi rig ; 

a o r t a  was removed, opened l o n g i t u d i n a l l y ,  and rec losed  t o  fo rm a  tube -- 
w i t h  a  new l o n g i t u d i n a l  ax is  90" from the o r i g i n a l  vessel ax is .  The new segn~ent : 0 

- ca su tu red  back i n  place. The animals were k i l l e d  a t  s u i t a b l e  p o s t o ~ e r a -  - 
t i v e  p e r i o d s .  Endothel i a l  nuc lear  pa t te rns  were s t u d i e d  f rom en face photomicro- -;-Q 

graphs o f  p repara t ions  s ta ined  w i t h  Evans b l u e  dye. Resul ts  i n d i c a t e d :  ( 1 )  I n  ; 6, 
un i fo rm vessel segments, e.g., m idd le  and lower  descending t h o r a c l c  a o r t a ,  t h e  C, r e  o r i e n t e d  p a r a l l e l  t o  the  a x i s  o f  the  b lood  vessel , and t h e  r a t i o  o f  
major t o  minor  axes of t h e  nucleus was la rge .  The f l o w  i n  these reg ions  i s  - 

@ - known t o  be s t a b l e .  ( 2 )  Nonaxial , less-ordered nuc lear  o r i e n t a t i o n  w i t h  sma l le r  .: cj 

e f r a t i o s  of major  t o  minor  axes were found i n  ent rance reg ions  o f  many major  eS 

7 a r t e r i e s  and i n  t h e  ascending a o r t a .  ( 3 )  I n  ch ron ic  s t u d i e s  i n  which t h e  f l o w  '' Q 
r ,  - , % : - @  _ ____ _ _i = I i r  i ~ m  J I - - r - - 

1- - '- -*- - 
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p a t t e r n  was a1 te red ,  the  nuc lear  p a t t e r n  r e a l i g n e d  i n  t h e  d i r e c t i o n  o f  , f l o w  :. Q 
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w i t h i n  10 days a f t e r  surgery . .~. , Q 
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FOLEY, John ,-- - • 
- The S t i f f n e s s  of Spas t i c  Muscle I: a *  
- J .  Neurol , Neurosurg. Psychiat ,  24: pp 125-131, 1961 ;:a 1 

Q- - . 
Abst rac t :Th is  s tudy stennned form an at tempt  t o  f i n d  o u t  whether s imp le  p h y s i c a l  
manoeuvres have any measurable e f fec t  on t h e  s p a s t i c  s t a t e  as such i n  sma l l  c h i l d -  / @ -: r e n  w i t h  d i p l e g i a .  Muscle tone  i s  d i f f i c u l t  t o  d e f i n e  except i n  crude c l i n i c a l  0 

- terms, b u t  f o r  t h e  purposes o f  t h e  present  paper i t  can be d e f i n e d  s i m p l y  a t  - 0 --i- 

1 t h a t  res is tance  which i s  f e l t  by  t h e  examiner 's hand on p a s s i v e l y  ex tend ing  a 
7 muscle, 

C 
- .  - 0 

-:I 
A  s imple method o f  measuring "tone" i n  t h e  c a l f  muscle o f  c h i l d r e n  w i t h  - s p a s t i c  d i p l e g i a  i s  descr ibed.  

- - -; 15- . , 
2 r. 
2 1  

i 

1:- a - 
3 - -  z 0 .3 C 

-----+ 1 5 -  a - • 1 i .  i 

~ 6 - @ 0 0 @ @ * * @ @ ' 0 * 8 @ ~ 0 @ * 0 1 0 @ @ a I 0 ~ @ ~ 1 ~ @ @ ~ 1 @ ~ @ ~ @ @ @ ~ ~  
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) -  - 8 :  1 - 1 :  . . , .  1 7 4 ,  # 7 
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ItT. 
i F o r r e s t e r ,  J.C., Zeder fe ld t ,  B.H. Hunt, T.K and Dunphy,J.E. F,- • -;" 

The Mechanical Behavior  of Aging S k i n  Wounds 1: • 
7 t h  I n t .  Conf. on Medical and B i o l o g i c a l  Engng, Stockholm 27-3,1967 

- 
-- 121- a ' 

1 -  

*a/ 
Abst rac t :  The s t r u c t u r a l  i npor tance  o f  s k i n  and o t h e r  connec t i ve  t i s s u e  f o r  p- . ; -@ t ransmiss ion  o f  fo rces  w i t h i n  t h e  human body has been r e a l i z e d  f o r  some t ime.  

-A E q u a l l y  impor tan t ,  b u t  l e s s  w e l l  understood, i s  a knowledge o f  t h e  mechanical 7 
0 11 p r o p e r t i e s  of these t i s s u e s  a t  d i f f e r e n t  t imes o f  r e p a i r  f o l l o w i n g  i n j u r y .  - 15,- . 

Skin  damage i s  r e p a i r e d  by n o n s p e c i f i c  connec t i ve  t i s s u e  which, I l k e  s k i n ,  i s  a  .!-< 
. * v i s c o e l a s c i c  m a t e r i a l .  Measurement o f  t h i s  t ype  o f  m a t e r i a l  i s  dependent on  : a  

- load,  deformation and t ime.  I t i s  w e l l  known t h a t  s t r e s s  va lues by  themselves -- 
-i p r o v i d e  a l i m i t e d  amount of i n fo rmat ion .  Energy a b s o r p t i o n  can v a r y  w i t h i n  0 '  

wide l i m i t s  i n  specimens o f  t h e  same t e n s i l e  s t r e n g t h .  The p r e s e n t  s t u d y  i • 
0 - 1  -- 

- shclws t h a t  a1 though bo th  u l t i m a t e  s t r e s s  and energy a b s o r p t i o n  va lues a r e  z .  • - 
? s t e a d i l y  regained, t h e  l a t t e r  recovers more s l o w l y .  i:.. • 
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. - - Fosburg , Richard G. , 
: -1' - Cardiopulmonary Resusc i ta t ion  

. M i l i t a r y  Medicine, 136:847-850, Nov. 1971 
- .. - 1 

t - Abstract:The importance of prompt recogn i t i on  o f  t h e  urgency o f  cardiopulmonary 
-3 r e s u s c i t a t i o n  i s  emphasized, and a p r a c t i c a l  technique f o r  employment o f  t h e  - closed method i s  described. 

= C 
- s  - . I 

- - The use of drugs and e l e c t r i c a l  d e f i b r i l l a t i o n  i s  d iscussed together  -- 6 -, w i t h  t h e  i n d i c a t i o n s  fo r  thoracotomy and i n t e r n a l  massage. I: (s . . A  . , 
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r 4  FRANKUS ,Andrew and LEN, George C. ( 3  . . 
7 * -3 A Theory fo r  D i s t o r t i o n  Studies o f  Lung Parenchyma Based on A lveo la r  Membrane . .  

Proper t ies  I;!-- :I- ; 
J.Biomechanics, V01,7,1: pp. 101-107, 1974 I?!. 8 i B. . 1 
Abstract :  A f i n i t e  element model represent ing t h e  microscop ic  s t r u c t u r e  o f  t h e  I 
lungs i s  presented. Analysis o f  t h e  model y i e l d s  i n f o r m a t i o n  on t h e  mechanical - 
p rope r t i es  of the  l u n g  parenchyma. The micro-proper i  t e s  upon which t h e  model 8 - i s  based a re  computed by e x t r a p o l a t i n g  u n i a x i a l  data c a l c u l a t e d  f rom exper imen ta l l y  -Q 

3 obtained pressure-volume r e l a t i o n s h i p s  o f  excised lungs.  Macro-propert ies are  L' .' - subsequently found by assembling the  micro-elements i n t o  a parenchymal s t r u c t u r e  . a -F 
,+ 

o f  t he  lung, and ana lyz ing i t s  responses t o  non-uni formly app l i ed  forces. 1 -  e * . -1 - Experimental in format ion regard ing t h e  mechanical p r o p e r t e i s  o f  lungs -- - 
- i s  l a c k i n g  and t h i s  mathematical model which i s  based on t h e  known pressure- . -: - . I  - 
-- volume r e l a t i o n s h i p s  can f i l l  a need i n  mechanical s tud ies  o f  t h e  lunqs.  I n  : 

p a r t i c u l a r ,  i t  provides the complete i n fo rma t ion  f o r  t h e  element s t i f f n e s s  r e -  .- - a -.- l a t i o n s h i p  i n  f i n i t e  element ana lys i s .  
: 

. 
Comparison o f  the  model p rope r t i es  w i t h  r e c e n t l y  conducted macro- level  - 0 ,  d i s t o r t i o n  experiments i nd i ca tes  very good c o r r e l a t i o n .  --- 

:..I 1 .  ; . - -  = ., . , "  - - - - -  . . - .  . 
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. -  a I :'? Fry, Donald L. e ; 5  • 
A Preliminary Lung Model for  Simulating the Aerodynamics of'the Bronchial Tree -Z 

: a ;  -- Computers and Biomedical Research 2,111-134, 1968 a - ?- - --- 
: a  l Abstract:A numerical method for modeling the mechanici.1 behavior of  complicated 5 

11 mu1 t i-phase, ribs:! iqear ,  dis t r ibuted,  biological flow-systems i s  suggested with - - @ 

part icular  reference to the study of pulmonary mechan ~ c s .  The major purpose of : @ 
the model or,,nnted i s  to provide a computational too' for  estimation of 

-- - -- 0 1 : : certain ur-':Lies along the conduit system which are ~f physiologic and pathologi; - in te res t  b l r ~  c a n n ~ i  be measured direct ly .  Results are presented which i l l u s t r a t e  
@ the d i s t r i b u t i o ~ ~  o f  pressure, conduit area, gas veloc.ty, Reynold's number, and C 

l - wall shearing s t ress  along the broncnial t ree .  With nroper modifications these 
a - :  I--- may be extended t o  i*iclude distributions of other variables of i n t e r e s t  such as - O - temperature, " tu rb l~ len t  in tens i ty , "  e t c .  A 1  though the numerical r e su l t s  t ha t  are  0-1 -.- presented sir:l?:e the known mechanical behavior of the lung, any detai led -- 
l interpretatiorl must be approached cautiously a t  th i s  :iem since many of the 

0 
- 0 l - compm ents a n d  paraaeters of the model necessarily lhld to be ctlosen a r b i t r a r i l y  - 

91 for  lack of good experimental data. - - 8 - - 
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F U N G ,  Y . C .  : - Comparisop of Different Models of the Heart Muscle 

l - J ,  of Biofi~."ni:s 4:4, 289-2959 1971 
k. 

'1- 0 
Abstract: Tc,e s3-called Maxwell and Voigt models o+ muscles are  shown t o  be -- -- 
e q u i v ~ l e n t ,  5 5  that  One i s  convertible into the other,  i f  the s e r i e s  e l a s t i c i t y  
i s  not a=: n p d  to  be absolutely independent of the ~iuscle  length. Different r' 

types of r~iu,~:le-elasticity-modulus-versus-tension data are  interorreted as - 0 
yielding i n t b n a t i o n  about the dependence of the ser ies  e l a s t i c i t y  on muscle ;- >--  Q 
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Biomechanics, i t s  scope, h i s t o r y  and some problems o f  continuum mechanics i n  -! physiology. 
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L'- BIORHEOLOGY OF SOFT TISSUES [< I = 
- '3 B i o r h e o l o g ~ ,  V0l .lO,pp 139-155, 1973 b. 

4 5 ,  , - I -  

Abstract :  To understand the physiological func t ion  o f  v i t a l  organs 
we must know the mechanical p rope r t i es  of t he  t i ssues .  Experimental 
determinat ion of t he  mechanical p rope r t i es  of  l i v i n g  t i ssues  has many 
d i f f i c u l t i e s ,  such as the small s ize, large deformation, a c t i v e  con t rac t i on ,  
damage due t o  d i ssec t i on ,  i n a c c e s s i b i l  i t y  o r  non-existence o f  a "na tu ra l  " 
s ta te ,  and the necess i ty  of keeping the  specimens a l i v e .  I n  t h i s  paper, 
major features of the  rheology o f  s o f t  t i s sues  obta ined i n  our  l a b o r a t o r y  
are sumar ized,  and a mathematical d e s c r i p t i o n  i s  o f fe red t o  serve as a 
s t a r t i n g  p o i n t  f o r  the ana lys is  o f  the  func t ion  of t he  organs. 

Almost a l l  publ ished rheo log i ca l  data on s o f t  t i s sues  were obta ined 
i n  one-dimensional condi t ion-s imple  e longa t i on  o f  a s lender  c y l i n d r i c a l  
body, s t r i p - b i a x i a l  o r  homogeneous-biaxial t ens ion  o f  a membrane. Recent ly 
we have c o l l e c t e d  data on two-dimensional t e s t i n g  of t h e  skin, and t o r s f o n  
of t he  mesentery. . . . , ," 
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Fung, Y. C., Zrreifach, Benjamin W., and I n t a g l i e t t a ,  Marcos 3 
(b 

E l a s t i c  Environment o f  t he  c a p i l l a r y  Bed - -  k @ I  
C i r c u l a t i o n  Research, Vol. 19, pp. 441-461, 1966 I =  

1 -  
l- ABSTRACT: To determine the  degree t o  which the  c a p i l l a r y  b l o o d  vesse ls  i n  v i v o  : 

are suppor ted by t h e  e l a s t i c i t y  of  the  sur round ing t i s s u e ,  a  s tudy  was made o f  2 

t h e  e l a s t i c  p r o p e r t i e s  of  the  a s e n t e r y  o f  t he  r a b b i t .  A t o r s i o n  t e s t  was made -- - on a  c i r c u l a r  membrane of  t he  avascu lar  reg ion o f  the  mesentery, by  a p p l y i n g  a  - 

-- - - graded s t a t i c  to rque and measuring t h e  r e s u l t i n g  deformat ion.  The m s e n t e r y  was * 
- found t o  have a  modulus o f  r i g i d i t y  i n  t he  s a m  category  as t h a t  o f  l a r g e r  ar -  C 

t e r i e s  and ve ins .  It has a  n o n l i n e a r  s t r e s s - s t r a i n  r e l a t i o n s h i p  w i t h  a  ten- - < 
-: dency t o  harden a t  l a r g e r  s t r a i n s .  I n  t o r s i o n  exper iments,  t h e  shear  modulus G 1. 
- can be reduced t o  t h e  f o l l o w i n g  form += -: :- @ - G =  p c * / T /  
-: -a - where c 2 i s  a  cons tan t  and I T I  i s  t h e  absolute va lue o f  t he  shear  s t r e s s .  The -. 
:: cons tan t  u depends on the  i n i t i a l  tens ion i n  t h e  membrane. F o r  t h e  mesentery -- 
-; specimens, u ranges from 215-1900 gm/cm2, whereas the  nondimensional  cons tan t  c 2  . - :' has an average va lue o f  8.23 w i t h  a  s tandard  d e v i a t i o n  o f  2.1 :,- b -- - 

The hypothes is  i s  advanced t h a t  t h e  medium i n  which t h e  c a p i l l a r i e s  o f  t h e  - :. @ 
r y  a r e  embedded i s  a  ge l  and t h e  c a p i l l a r y  i n  e f f e c t  i s  a t unne l  i n  t h i s  O 
uch a  hypothes is  cou ld  e x p l a i n  t h e  apparent r i g i d i t y  o f  t h e  b l o o d  c a p i l -  ?. 

1 - , ...- (I 
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',. 8 - FUNG, Y.C.B. 4 
E l a s t i c i t y  of  s o f t  t i s s u e s  i n  s imple  e l o n g a t i o n  -x 21- - 
American Journa l  o f  Phys io logy ,Vol.213, No.6, Dec.l967,pp, 1532-1 544 5 . 0  , 3- - 
Abst rac t :  E l a s t i c i t y  of  l i v i n g  s o f t  t i s s u e s  i s  s t r o n g l y  n o n l i n e a r .  Based on : 
exper imenta l  r e s u l t s  on r a b b i t s  mesentery, a  t h e o r e t i c a l  framework i s  p resen ted  - 

.;. I n  which t h e  l e a s t i c  p r o p e r t i e s  o f  s o f t  t i s sues  can be descr ibed.  I t i s  shown - (I - t h a t  t h e  mathematical  f o rmu la t i on  works w e l l  a l s o  i n  reduc ing  p u b l i s h e d  d a t a  - 
on t h e  s e r i e s  element o f  t h e  h e a r t  and s t r i a t e d  muscles, and t h e  s k i n .  I n  s imp le  - - (I 

- e l o n g a t i o n  t h e  t e n s i l e  s t r e s s  i s  n e a r l y  an exponen t i a l  f u n c t i o n  o f  t h e  s t r a i n  - - C 
@ i n  t h e  l ower  s t r e s s  range. Based on t h i s  f a c t ,  i t  i s  shown t h a t  a l t hough  we 

- 

- a r e  d e a l i n g  w i t h  t h e  f i n i t e  deformat ion  o f  h i g h l y  n o n l i n e a r  m a t e r i a l s ,  t h e  
.- c -, 1 - e l a s t i c  p r o p e r t y  o f  s o f t  t i s sues  i n  t ens ion  can be expressed q u i t e  s i m p l y  i n  

most cases. I t  i s  necessary, however, t o  g i v e  up t h e  usua l  p r a c t i c e  of  t r y i n g  - - 
A t o  c h a r a c t e r i z e  t h e  e l a s t i c i t y  o f  t i s s u e  by a  r e p r e s e n t a t i v e  Young's modulus, - - (I 
. because t h i s  modulus v a r i e s  over  a  very  wide range, wh ich  i s  o f t e n z e r o  a t  - (I 

- van i sh ing  s t r e s s ,  and increases l i n e a r l y  as t h e  s t r e s s  increases,  and t h e r e f o r e  - (I .-- 
I* 

i s  meaningless un less  t h e  exac t  s t r e s s  l e v e l  i s  s p e c i f i e d .  New p h y s i c a l  con- - @ .- : s t a n t s  recomended are :  t h e  s l ope  and cu rva tu re  a t  t h e  o r i g i n  o f  t h e  cu rve  of  
- .  dT/dx vs. T ,  where T stands f o r  t e n s i o n  and x stands f o r  t h e  e x t e n s i o n  r a t i o n ,  and 

the t e n s i l e  s t r e s s  T? (based on t h e  o r i g i n a l  c r o s s s e c t i o n a l  a r e a )  a t  a s p e c i f i c  
- va lue  o f  t he  ex tens ion  r a t i o  A*. 

- - - - - - - 
I I 

( I * * ( I @ * ( I ( I ~ . . @ @ * * ~ * * * e @ ( I ( I ~ * @ * * ( I e ( I @ @ @ ( I @ ( I @ ~  



- -  ^L^-U-- 

1  - -- ---.. - --- ,*-_-_ ____ - 
' . . * . ~ . . ~ . . Q ~ . . / o . e e @ . . e o . . o . . @ ~ . @ . ~ . . . ~  '. - - ------- 1 -.. .L-. I :i 4-i-:_l,L+ 1 0 . ( q ! 1 a 1 1 7  ~ ~ ~ I S ~ I ~ / ~ I I I : I I ~ ' I ?  4 I - 0  I & .  , ' 

- Fung, Y.C .  and Sobin, S .  S ,  .- - ~ L L ! - L L ~  ' 3 ' - 
i l i ; + j t i c i t ~  o f  the  Pulmonary a l v e o l a r  Sheet +; e l  - 

c l r c u 1 a t i o n  Research, VOI . 30, pp. 451-469, 1972 - .  
2 01 
'3- : AasTRAcT: An anal~s is  O f  exper imenta l  d a t a  on t h e  pulmonary a l v e o l a r  shee t  of the 

c a t  shows: ( l )  As f a r  as e l a s t i c i t y  i n  t h e  p l a n e  o f  t h e  shee t  i s  concerned, the - 

sheet may be regarded as uni form;  t h e  conp l iance  o f  t h e  posts is the ..- l , -- 
- 1  - same as that O f  t h e  ~ h r a n e s .  ( 2 )  W i t h i n  a p h y s i o l o g l c a l  range o f  positive trans; a  
l mural Pressures t h e  mean t h i c k n e s s  o f  t h e  shee t  v a r i e s  l i n e a r l y  w i t h  t h e  prer- - 

- -  Sure+ A 1 ~ ~ ,  the s t r e s s  d i s t r i b u t i o n  i n  t h e  a lveo la r -cap i l l a ry  wmbrane is no"- - ' 
- un'form and n o n i s o t r ~ ~ i c .  t h e o r e t i c a l  shee t  th ickness-pressure r e l a t j o n s h j p  is l derived in which t h e  e f f e c t  o f  s t r e s s  r e s u l t a n t s  (sum o f  e l a s t i c  s t r e s s  and sur- 

c 
- face i s  e x p l i  c i t l y  1 i n k e d  t o  t h e  compliance of t h e  shee t  th ickness,  ~h~ 

- sheet-flow theory then shows t h a t  average f l  w i s  very s e n s i t i v e  to t h e  arteriole 1. --- 
-- 

-- - - pressure. The flow p e r  a l v e o l a r  s h e e t  i s  (1/C) (ha4-h;), Here h a  and h V  are . , 
- - to sheet th i ckness  a t  t h e  a r t e r i o l e  and venule,  r e s p e c t i v e l y ,  h h e n j -  ' 

l -L 'a r t  ' P a i v y  ha'hotaipart-~alv)~ where Part i s  t h e  b l o o d  p r e s s u r e  i n  t h e  sheet  a t  - 
0:; t h e  a r t e r i o l e  P a l v  jS t h e  gas Pressure i n  t h e  a l v e o l u s ,  

- 
-: i s  t h e  c q 1 i a n c e  con- . 

I Itant the sheet th ickness,  and ho i s  t h e  t h i c k n e s s  a t  A p  z 0, The c o n s t a n t  , 1 : - -- = fi"/(sA) 9 where i s  t h e  c o e f f i c i e n t  o f  ~ I s c 0 s j t . y  0, ,,0ods f 1s a friction T ,  , - 
0- -:--* - ( , ? I - @ '  
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- .  . -: 
--+ , ABSTRACT ( p , t j n u e d ) :  p a r a m t e r  (on t h e  o r d e r  of 4, depending On 

the Post , $ geomrtry) 
is the average l e n g t h  o f  t h e  s t r e a m l i n e s  in the is the 

1 
L- o - vascular 

space-t jssue r a t i o  (on t h e  o r d e r  of 0.9)~ and A is the sheet area' - Conparison of this formula w i t h  t h e  experfnif2ntal r e s u l t s  Of  
e t *  ' "Ing 

-: - ho and from G l a z i e r  e t .  a l .  s shows agreemnt' 
0 -: 

2- ,.: 
\ 0 - :  7 
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I .  1 - FUNG, Y.C. and Zweifach, B.W. I @  : - Microcirculation: Mechanics of Blood Flow in Capillaries - 
L:* ( -L Annual Review of Fluid Mechanics, Yo1.8, pp.189-210, 1971 @ I  

1 .  I I:{- @ , 1 fi Abstract: (from concluding remarks) We have considered primarily the flow in " - 
e > 7 tubular blood vessels. The f luid movement across the tube wall has been ignored. - . - 1 .: Capillary blood flow has been discussed above as i f  i t  occurred ina = - -  passive system. Actually the capillary bed has a complex mechanism fo r  control • 

I '-2 of local blood flow. The smooth muscle cel ls  a t  the sphincter located a t  the - @ 1 : -: entrance to  a capillary blood vessel are believed to respond to  oxygen and e 
- other myotmpic agents, and t o  physical s t retch.  The mechanical property of the - 
-! vascular smooth muscle i s  unknown , but i t  i s  clear tha t  a more meaningful . .3 understanding of the microcirculation will require i t s  c la r i f ica t ion .  : @ -- ,-- > 
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FUNG, Yuan-Cheng B .  L5 3 .  

Stress-Strain-History Re1 ations of Soft Tissues i n  Simple Elongation - 3 - 0 
A N I C S :  ITS FOUNDATlONS AND OBJECTIVES, :- @ -- 
Perrone and M .  Anli ker,editors, Prentice-Hall ,Inc.Englewood C l i f f s ,  - : :- q 

;* 

M Concluding remarks) - 
e tha t  the intention of the  present a r t i c l e  i s  t o  glean from the :- @ 

lished data some simple rules t ha t  seem t o  apply in the lower, 
1 range of s t resses .  In a detailed comparison, each t i s sue ,  indeed, ' C , 
n ,  i s  different ,  and one cannot expect a simple formula t o  account a 
a1 1 the experimental data. In particular , a1 though most or iginal  
some e f fo r t  to  just i fy the data as comparable to  in s i t u  character- 

. a 

ma1 living condition, one cannot be absolutely sure. We f e e l ,  how- 
@ 

I  

hese needs for  further refinements should not deter  us from offering @ 

general stress-strain-history law tha t  will he1 p biomechanics t o  
ond elementary discussion and t o  come t o  grips with s ign i f ican t  

, 

ue problems of the function of the organs. I • -. I 
- I 
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FUNG, Y .C, 0 
e 4  - Theoretical considerations of the e l a s t i c i t y  of red ce l l s  and small blood vessels i* 

Fed. Proc. 25(6) ,  1761-1772, 1966 @, @ , 
l -7 : l -4 Abstract: Part 1 . Equil i b r i m  s ta tes  of red ce l l s  -- 

I 141. l > The s t ress  and deformation of a red blood cel l  a re  considered form the point of 
view of theoretical mechanics. The s ta r t ing  point i s  t ha t  the normal red ce l l  1 

l 2 i s  a biconcave disc in shape. The hypothesis t ha t  the i n t e r io r  of the red cel l  - - 
l -_= i s  in the s t a t e  of a liquid leads to  a number of predictions with regard t o  I -  - @ 
l - _ crenation, disc-sphere transformation, and rupture. The predictions are i n  0 
l T- qua1 i t a t ive  agreement with known experimental resu l t s .  5 -  <. 

Part 2 .  Tunnel - i  n-Gel Concept of Capill ary Blood Vessels l - -  ,.. 
- I t  i s  generally accepted that the t i s sue  surrounding the blood vessels help 2 4  . . - 

- A <  l 'I support the vessels b u t  i s  i t  not known to  what extent t h i s  occurs. Using the 1 0  
l - -  avascular portionof the mesentery of rabbits ,  the s t ress -s t ra in  relat ionship - = .  0 
l fo r  the mesentary was obtained and applied t o  the blood vessel d i s tens ib i l i  ty e 
l c ,  problem. In the case of the smaller capi l lary blood vessel , the surrounding -- 

- 0 
t i s sue  i s  very much larger than the vessels,  hence the e l a s t i c i t y  of the  capi1- ;- -11 

A . -1 l a ry  blood vessel i s  derived almost en t i re ly  from the surrounding t i s sue .  k. 
-. 
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-4  

- A Theroy of Elas t ic i ty  o f  the lung 
l - :  ASME PAPER 73-APM-R,I 973 

';I e  - 1 -  - Abstract: The s t ress -s t ra in  relationship of the lung parenchymal t i s sue  depends JL- 

l -2 on the alveolar geometry, the e l a s t i c  property of the alveolar  walls (sheets ,  ;- Q > 1 - sep t a )  and the surface tension charac ter i s t ics .  This nonlinear relat ionship - @ 

6 -: i s  derived in the present paper. - 
l -: --- 
l - 1  - 
l : -7 

, 
- - 

l - - 1  
- - -  - 1:- 

e - :  's-• 
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- Fung, Yuan-Cneng s 

i -: Mathemat1 ca l  Represen ta t ion  of the Mechanical P r o p e r t i e s  o f  t h e  Hear t  Muscle. : e i  * 
,:Journal of  Giomechanics. Vol. 3, No. 4, pq. 381-404, 1970 

I 
:I- j 
+- ;. @- 

A b s t r a c t :  H e a r t  muscle has been s u b j e c t e d  t o  many experiments i n  many l a b o r a t o r i e s  - 
' - 'and many r e p o r t s  are c o l i f l i c t i n g  w i t h  each o t h e r .  To u n i f y  t h e  p i c t u n ,  r e s o l v e  - 

- ? t h e  c o n f l i c t s ,  and descc ibe the complex phenorenon i n  a comaact s e t  o f  equa t ions ,  ; - > @  

3 a  mathemat ica l  forrnulat i 'on of the mechanical p r o p e r t i e s  o f  the  h e a r t  muscle i s  - ? -  -- @ • - I  p r e s e n t e d  on the bas ts  c f  the  s l i d ~ n g - e l e m e n t  theory  and H i l l ' s  model. i 
I s o t o n i c  and i s o m e t r i c  processes, t h e  a c t i v e  s t a t e  and the  r e l a x a t i o n  law 

* C ' a r e  analyzed. I lece~sar-y  c r r r r?c t lons  t o  t h e  procedures f o r  m a s u t i n g  the e l a s t l c i  t y  
- - o f  s e r i e s  elerr<, L are d:scussed: 2nd methods f o r  de te rmin ip3  t h e  dependence o f  

s e r i e s  e l a s t i c i t y  r i  t h e  l e n g t h  o f  the  muscle a r e  descr ibec.  - -  -- 0 
An advantage o f  a  concise mathematical f o r m u l a t i o n  o f  t h e  mechanical p r o p e r t i e  0 

?:is t o  enab le  us t o  f o r m ~ l a t e  exper imenta l  proceaures t o  determine p h y s i o l o g i c a l  - - e 
0 -: constan ts .  I n  the  l i g h t  o j  the  p resen t  a n a l y s i s  most o f  t h e  p u b l i s h e d  cons tan ts  0 

T r e q u i r e  some s o r t  o f  c c r r e c t i o n s .  I t  i s  hoped t h a t  c o r r e c t e d  values w i l l  become - 
- 0 

. ! ! ! ! !ava i lab le  i n  the futl:,e. -- 
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A V i s c o e l a s t i c  5cudy o f  Scalp, B ra in ,  and Dura 8. 
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1 A b s t r a c t :  A ser'?s o f  creep and r e l a x a t i o n  expenmentc on s c a l p ,  b r a i n  and - 0 
dura f rom b o t ' i  ' lunia~l  ana monkey 1s a s c r i b e d .  l i r i  a n a l y s i s  o f  a  p r a c t i c a l  creep > & l o a d i n g  w i  t n  a p - s e  t i r e  i s  given. An e m p i r i c a l  e x p r e s i i o n  f o r  t h e  observed 
cr?ep curves ,. d e ~ t l o c e d  and d e v i a t i o n s  f rom c l a s s i c a l  v i scoe las  t i c i  t y  t h e o r y  L @ 

noted. A f c i l r  : ~ r a i e t e r  i l a a r e l l - K e l v i n  f l u i d  model i s  ~ r o p o s e d  and f i t t e d  t o  C 
] . 3 t h e  creep daJ.a. - Q 

I n  a d d i t i o n ,  a  tee  v i b r a t i o n  t e s t  u s i n g  t h e  same eo ~ i p m e n t  as t l i e  cre.ep - 9 
and r e l a x a t i o n  e v s ~ t l m e n i s  1s presented. Ana lys is  o f  t h i s  e x p e r i ~ e n t  y i e l d s  

?lr' vdlues o f  the  c o l r ~ l e x  modulus i n  the f requency range 10-40 Hz. 
8 ,---- 
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-- ' ; An Ana lys is  of Cardiovascular I n j u r i e s  Resu l t i ng  f o m  A c c e l e r a t i v e  Force 
e - Aerospace fled. 929-934, 1963 -- ;- - - .. 5 - 

ABSTRACT: Cardiovascular i n  j u r i e s  r e s u l t i n g  f rom abrupt  a c c e l e r a t i v e  f o r c e  - - Q o c c u r r i n g  i n  f ixed-wing a i r c r a f t ,  r o t a r y i n g  a : rc ra f t ,  and parachut ing acc iden ts  - 
a r e  summarized. The predominant s i t e s  o f  h e a r t  and major vessel i n j u r y  a r e  - 8 

1 - descr ibed,  and e t i o l o g i c  f a c t o r s  a re  discussed. Suggestions a re  made concern ing 8 
i parameters t h a t  should be g iven due cons idera t ion  i n  t h e  des ign o f  r e s t r a i n t  4 

sys terns and environmental con f igu ra t ions .  ; a 
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- 1  Ghis ta,  Dbanjoo N. arld R30, Pnanta P .  0 
. S t r u c t u r a l  f+echanics o f  the " i t r a l  Va1ve:Stresses Sustained by the  Valve; Nan- 

@ -: Traumatic 2 e t e r m i n a t i o n  oz The St i f fness o f  t h e  I n  Vivo Valve. , 1 7 ..I J. Biomechanics, 5:3, 295 307, 1972. - 
:.. . I -- -. - --- . - , 

2 Abst rac t :  I n  o rder  t o  p ruv ide  the r e q u i s i t e  s t r u c t u r a l  s t r e n g t h  f o r  a  p r u s t h e t i c  - e 
m i t r a l  valve,we have anal! sed the  s t resses i n  the  i n  v i v o  mi t p a l  va lve l e s T l e t s  - a '  3 -: d u r i n g  a  ca rd iac  c y c l e .  The va lve  cusps o f  t h e  m i t r a l ' v a l v e  a r e  analysed zs two - e ? - 
s e m i - c i r c u l a r  membranec i l e l d  a long t h e  c i r c u l a r  ( f i b  rous va lve r ing)edge and  -- - 

; supported along t h e  s t r a i o : t t  edge (by the  chordea tendinae) .  The c r i t i c a l  
r l o a d i n g  c o n d i t i o n  i s  's:: s r i o r  t o  ooening of the  a o r t i c  v a l v ? ,  when t h e  d i s -  Q 

- tended nl tr l l  va lve  l r j f l e :  i s  s u b j e c t  t o  t h e  pressure d i f f e r m e  between :he C 
i l e f t  v e n t r i c u l a r  d a i d  1 e f t  d t r i a l  chambers. For an adverse p h y - i o l o g i c a l  lo.;ding 3 
i - s i t u 3  t i c v ,  our  a n a l y i  I :  i n d i c a t e s  t h a t  t h e  o rder  o f  magnitude o f  the  s t r e s s  . $  

0 - t h a t  the61ea f le t  me!r,~raneiand hence the  p r o s t h e t i c  va lve l e a f  l e t )  sus ta ins  i s  ' 
- 

2 - 0 -- 2.2 x  10 dynlcm . 
- -  A v i b r a t i o n a l  a n a l y s i s  o f  t h e  m i t r a l  va lve  l e a f l e t  i s  per forned.  Expressfons - s - -4 f o r  the  s t r e s s  i n  t h e  I e a f Y e t  and Young's Modulus o f  the  l e a f ; ? t  m a t e r i a l  z r e  0 

e - :  obta ined i n  terms o f  the  d in?nsions of the  va lve  l e a f l e t  and 1:s fundamental 3 
0 -; mode v i b r a t i o n a l  frecluet,;:. 'The l a t t e r  can be e v a l u a t d  by d e t v n i n i n g  t h e  

--  0 
Q corresronding f requercy  of the  f i r s t  comDonent o f  t h e  f i r s t  hcar  sound. Cur 

- - - Q, 
8 -'. ana lys is ,  hence, enables 1's t o  determine t h e  s t r e s s  i n  the  l e a f l e t  and t n e  

8 , .--- Young's rrodulus ( s t i f f n e s s ) o f  t h e  i n  v i v o  l e a f l e t  a t  the i n s t a c t  o f  occurence 
- I _ - _  . -  - - - -- -- - . - - - - - - - - - - - - - -- 
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3 Ghista,  Dhanjoo N. anli Ra9, Ananta P. p.2 0 

-j S t r u c t u r a l  Vechanics o i  t l e  F l i t r a l  Valve: Stresses Sustained by t h e  Va lve ;  Ron- 1 Q 

, Traumatic D e t e n i n a t i i n  c f  The S t i f f n e s s  o f  t h e  I n  l l ivo Valv?. Continued - -  e -- 
-' J .  Biomechanics , 5 ' -, , 295-307 ,' 1972 - 0 0,-  - 

0 * - A b s t r a c t c o n t i n u e d : c f t h e f i r s t h e a r t s o u n d .  I t i s n o t e d t l a t a t t h i s i n s t a n t  a 
3 - t he  va lve  i s  s t r a i n ? '  uo :o t h e  t r a n s i t i o n  p o i n t  o f  i t s  t y p i c a l l y  non-1 i r ~ a r  
e s t r e s s l s t r a i n  charac:e.is-.ic. P r i o r  t o  t h i s  i n s t a n t ,  i n  a  t y p i c a l  h e a r t  c - i c le ,  e 
- -- - the va lvs  operate5 ' -  the  p r e - t r a n s i t i o n  s t res ; / s t ra in  range and subseque~qt t o  0 

-- t h i s  i n s t a n t ,  i t  o r e r 7 t e s  s l i g h t l y  above the t r a n s i t i o n  p o i n t ,  reach ing  a  - <: 
5 s t r a i n  o f  t h e  order o f  25 per  cent  i n  adverse s i t u a t i o n s .  Cp - e 
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- G n i s t j ,  L ~ a n j o o ,  , i s  and S 3 n d l f r ,  Haro ld  v $ -  
* '  ' An h a l y t i c  E l a s t i c - V l s c c e l a s t i c  Flodel f o r  the  Shape'and Forces i n  t h e  9 01 

L e f t  V e n t r i c l e  SI  
- 

I :,- 1 
- J o u r n a l  o f  B i o n w c h a n ~ c s ,  b o l .  2, No. 1, pp. 35-47, 1969. % 4 

-, 
' A b s t r a c t :  An a r 3 l y t i c  rode1 o f  the human l e f t  v e n t r i c l e  i s  p resen ted ,  which -- 

- - i n c o r p o r a t e s  the  t l l r e e  dir-enslonal siiaoe o f .  the l e f ;  v e ~ t r i c l e  and t h e  ef fects  - 

- o f  v e n t r ; c u l q p  h311 t n i c ~ n f s s .  The model resembles a  t h i c k - w a l l e d  e l l i p s o i d  - : -- 0 
o f  rev61 u t i o l l ,  2 sna?e cn3sen because i t s  volume m;t c l o s e l y  approx imates 2 @ ' t n e  VOI LC? GC.; t r l g r i ? i  l e f t  ve*,tri;ul a r  Cnap19erS i,k,sn conpared :,i vo,Ums - C 1 

@ e s t i ~ a t e d  b s T l ! r  re;.iar t t l r a e - d ~ r e n s l o n a l  f igure<, o f  e q u i v a l e n t  dimensions, 0 
I Tile snar2  S.1 r e  Par3vetet-s o f  the model a re  dete, r , lned from k e n t r i c u l s r  

1 - 

O _ diii;$nsioris L C  t i f i l l e d  f r o 7  s1nl;le o lane c i n e a n g i o c a r d ~ o ~ ~ a ~ n j .  1 -  - t 
- 4, Tne i - ~  i e l  i s  e l u l i i o r a t e d  b j  a u n i f o r m  i n r e r n a l  n o r n a i  s t r e s s  correspond-, 

I 
? 

a r i n s  t o  t n e  r e a s u  .e+ pressure l n  trle v e n t r l  c l e  c a v i t y ,  and zero  s t r e s s  on t h e  . a  - 
o u t e r  su r face .  l l a s t i c  aod q u a s i - s t a t i c  ~ i s c o e l a s t ~ ~ c  s o l u t i o n s  f o r  s t r e s s e s  and - - 4 ' 

- s t r a i n s  t h a t  ? r ~ - i d E '  f o r  s l e a r  i n  the v e n t r i c u l a r  w a l l  a r e  o b t a i n e d  f o r  un i form - i 
-!!L i i s o t r o p i c  w z i  ! ~ a t e r l a l .  --- I 
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- -  A i iodel  o f  thc  i r t e l . i a l  ":11 1 
@ - J .  B iomech- * . in ,  i : 3 ,  231-288, 1973 - I - 

1:- 1 )  
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i 
Abstrac ,. Oc s e s m b t s  c f  t h o r a c i c  a o r t a e  and ccnnon c a r o t i d  a r t e r i e s ,  s t a t i c  1 I )  

( E )  an:. d j ~ , ?  ( - c  ';,I l : ~ - ? l s  n c h u i  :!ere m e a s ~ r e c .  Tnree  ma in  p c i n t s  were i n -  t i  

v e s t i g z t e l  1 -9 .  .::L - c l a s t l c  benav io r  o f  t h e  ~ r t e r i a l  w a l l  ss  a f u n c t i o n  > ~f f r e q ~ e ,  - j ,  w i t n  s p e c i i i  a t t e n t i o n  t o  f r e q u e n c i e s  be iow 2 HZ. 2. The se t -up  o f  - L) 
1 

1 

a  nodel  o r  thc  3 r re t -1c1  i c ~ ;  1 ,  ~ a t c n i r i g  t h e  o b t a i n e d  d a t a  o v e r  the a ~ p r o p r i a t e  
- 

i 

- f requet  r -  'anre: 3 .  T re  i ~ f i u e ~ c e  o C  norep inephr i t i e - induced  s v o o t h  muscle con- . 0 
t r a c t i o n  ,,q Ycurg 's  mocd:us 2nd  mcael outcome. The s t u d i e d  f r e c u e n c y  range, i 

I 
excep t  f rom T = O .  r a n  f r y 7  0.016 ?I. ;I was found :hat t h i s  range  ~ e e d e d  an 0 

I 
1 

electrical ( e l  tor si :r  1 3  2 ;  i e 2 5 t  4 d i f f e r e n t  ? C - c i r c u i  t s  i r i  s e r i e s  w i t h  0 
a  c a ~ > c i t > r , ; e ,  t o  d e ; c r i c ~  :r 2 v i s c o - e l a s t i c  be'la n o r  o f  t h e  a r :e r ia l  w a l l .  * Smooth wd:'le c c n t r a c t - : r ,  a l t e r s  tne  o b t a i n e d  t in? c o n s t a n t s  b u t  these  remain 0 I 

I o f  t h e  sal l r  ~ ~ d e r  o f  i i a o ~ i t u d e .  i h e  o o e s t i o n  o f  whe ther  muscle c o n t r a c t i o n  hiis - - @ I 
@ -1 an i n ~ r e a s ; ~ ~ ;  o r  a  decreas ing  e f f e c t  on Young's modulus appears t o  be dependent - - 

- on t h e  e x p ? r ; r i e n t a l  se t -up ,  which i s  d iscussed ,  L @ ---- 
I 
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G I K A S ,  Paul IJ. : O - - 

Mechanisms o f  I n j u r y  i n  Automobi le  Crashes -- 1 
- 1  C l i n .  Neurosurg.  19:175-90, 1972 -- :- @ 

e 
- ABSTRACT: (Taken i n  t h e  sunnnary) The f a u l t y  d r i v e r  may cause most o f  t h e  c rashes ;  ( 

- however, t h e  v e h i c l e  produces t h e  i n j u r y .  E f f o r t s  a r e  needed b o t h  i n  c r a s h  
- p r e v e n t i o n  and i n j u r y  p r e v e n t i o n .  I n j u r y  p r e v e n t i o n  r e q u i r e s  a  c r a s h w o r t h y  e 

v e h i c l e  and t h e  use o f  r e s t r a i n t  Systems by  t h e  occupan ts .  The p r e v e n t i o n  o f  8 I : e j e c t i o n  f r o m  t h e  v e h i c l e  and t h e  a t t e n u a t i o n  o f  t h e  impac t  w i t h i n  t h e  v e h i c l e  4 9 
1 t h r o u g h  t h e  appl  i c a t i o n  o f  p h y s i c a l  p r i n c i p l e s  d e s c r i b e d  above can do much 0 

1 @ - :  t o  p r e v e n t  i n j u r y  i n  t h e  even t  a  c r a s h  occurs .  6 
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Abstract:Some o f  t h e  b a s i c  concepts o f  t h e  r e s i s t a n c e  o f  m a t e r i a l s  a r e  r e v i e w e d  
and t h e i r  aool  i c a b i l  i t y  t o  t h e  s t u d y  o f  t h e  e l a s t i c  p r o p e r t i e s  o f  t h e  l u n g  i s  6 

> -! discussed .  I t  i s  emphasized t h a t  s t a t i c  p ressure -vo lume d iagrams o f  t h e  l u n g  0 
- approx imate o n l y  r o u g h l y  t h e  s t r e s s - s t r a i n  d iagrams used i n  e n g i n e e r i n g ,  and d ' t h e r e f o r e  shou ld  n o t  n e c e s s a r i l y  be expec ted  t o  obey Hooke's  Law. I t  i s  t o  b e  
L emphasized f u r t h e r  t h a t  va lues  f o r  compl fance arid e l a s t a n c e  computed f r o m  such I - :  0 

data  do n o t  s i v e  i n f o r m a t i o n  c o n c e r n i n g  t h e  m a t e r i a l  o f  t h e  l u n g  a l o n e  b u t  a r e  i 
markedly  i n f l u e n c e d  by s i z e  and s t r u c t u r e .  -- 6 
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:I GOLDIN, M ~ r s h a l l  and A p t e r ,  J u l i a  T.  I;,~ 1 
$ ,I A R e l a t i o n  Between Pulmonary Stress-Re1 a x a t i o n  and ~ y s t e r e s i r  i n  t h e  Pressure-  : 1 -+ , . _ ,  Volume Loop. - Fedn. Proc .  p.  551 , A b s t r  . 1651 , 1967 B -.- 

ri 

4 A b s t r a c t :  Dog .dngs e x c i s e d  w h i l e  i n f l a t e d  w i t h  a i r  u r  R i n g e r ' s  s o l u t i o n  were  
D - s t r e t c h e d  by i nc remen ts  w i t h  sma l l  ( 2  t o  6 c c )  f a s t  lOcc p e r  second) i n j e c t i o n s  
@ . o r  a i r  o r  l ' , l ~ i d .  The i n t r a b r o n t h i a l  p ressu re  r o s e  s;nchronously w i t h  each 

-..A 

- 0 .- i .: i n j e c t i c t ,  :;,en f e l l  a l o n g  an e s s e n t i a l l y  exponen t i a  t i m e  course : g i t h i n  50 Q 
seconds Tor l i q u i d -  and 185 seconds f o r  a i r - f i l l e d  l ungs  t o  reach  a  f i n a l  s teady  m - p r e s s u r e  l e - 5 1 .  C l i c k  removal o f  smal l  amounts o f  f l u i d  caused a  p r e c i p i t o u s  

0 -i drop i n  p ressu re  :o ze ro  f o l l owed  by a  r i s e ,  f a s t e r  f o r  l i q u i d  t han  f o r  a i r ,  t o  
-1 a  s teady  p ressu re  . A  s t a t i c  ~ r e s s u r e - v o l u m e  r e l a t i  ~n f o r  d i l a t i o n  ( o r  i n s p i r -  - -- - : - - a t i o n )  and c o n t r a c t i o n  ( o r  e x p i r a t i o n )  was o b t a i n e d  i r o m  t h e  s teady  p r e s s u r e  -- , 

l e v e l s .  I t  slir;rej no h y s t e r e s i s  f o r  a i r  o r  l i q u i d .  lowever, i f  t h e  p r e s s u r e  :a 

l e v e l s  were r:ad a i d  subsequent f o r c i n g  induced b e f o - e  comp le t i on  o f  t h e  t r a n s -  8 - i e n t ,  h y s t e r e s i b  das t h e  r u l e .  If read ings  were rcade 3.5 t o  6.1 seconds a f t e r  . 
9 

each f o r c i n g ,  t h e  a r e a  o f  t h e  h y s t e r e s i s  l o o p  war + b ?  same f o r  a i r  and l i q u i d .  - - 
@ - -  .. E a r l i e r  readins:  r e s u l t e d  i n  a  g r e a t e r  area f o r  1 i q l l i J  t han  f o r  a i r ;  l a t e r  - c .  

read ings  reverse; t h i s  d i s p a r i t y  wh ich  can be e x p l a i n e d  by  t h e  g r e a t e r  compres- e, 

- s i b i l i t y  and l o w  i n e r t i a  o f  a i r  o v e r  1  i q u i d .  - - * - 
- -- - - - -  - - - - - - - - :- 4 I> - 2 ,  . I ----- - v-- - - 

- -  - - A -  
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- --- - - - -  - -- -- - ? '  3 ,  i f - 4 T m  t t  
- - GOLDMAN, PI: c n s e l  D. and Mead, J e r e  t )  

Mechan i r s l  I n t e r a c t i o n  Between t h e  Diaphragm and 9 i b  Cage 2 . 13 - -7 J. App' . ;?ys io l  . 35(2)  : 197-204, 1973 :I :. t j c  I 

- :- i t  
A b s t r a c t .  Isie o b t a i n e d  ~ a s s i v e  v o l  ume-pressure (b-P) c h a r a c t e r i s t i c s  of  t h e  r i b  
cage i n  f o t l r  s t a n d i n g  s u b j e c t s  d u r i n g  v o l u n t a r y  r e i a x a t i o n .  Es t ima tes  o f  changes 

- i n  r i b  w e  volume (b ' rc )  b j s e d  on changes i n  i t s  i n t e r o p o s t e r i o r  and t r a n s v e r s e  4 )  

3 q :  - - d iame tp rs  r e 1  a t e d  t o  t r a n s t h o r a c l c ,  t r a n s d i a p h r a g m a t i c ,  and t ransabdomina l  c, 
0 .  pressu res .  ? a s s i v e  t e n s i n g  o f  t h e  diaphragm was c b t a i n e d  by  compress ion o f  t h e  f3 
- abdomen i r i t h  i pneuI l1at ic c ~ f f .  At I uno volumes bclovr :2C, abdcminal  compress ion 

-(- - d i s p l a c e d  'I 0 t r a n s t n o r a c i c  p ressu re  j f r c )  and t, ansd iapb ragmat i c  p r e s s u r e  ( F d i  ) 
- t r a c i n g s  [ ~ e a r l y  e q u a l l y ,  so t h a t  a t  a ~ i v e n  V rc ,  t h e  change i n  Prc .  was c l o s e l y  '3 
.: . s i m i l a r + ~ t h r ? c h d n g e i n  d i  

l ' r c  and 3 
- tr nsab+-r,, j n2, p res  L r e  (FA) td? aphragm was , 

u n i e r  t ? n c q ? r  o r  n o t .  We conc lude t h a t  t h e  i n t r r n s i c  p r e s s u r e  deve loped  by  t h e  - 
. r i b  cage ; t j c l f ,  f r eed  from t h e  i n f l u e n c e  o f  d i aph raamat i c  t e n s i o n ,  i s  t r a n s -  -- - 0 

abdominal p r 2 s s u r e  and t h a t  t h e  diaphragm inc reases  r i b  cage volume o n l y  t o  t h e  @ 

' e x t e n t  t h a t  t inc reases  t ransabaomina l  p ressu re .  A c o r o l l a r y  o f  t h i s  c o n c l u s i o n  fc 
- i i s  t h a t  c o r ~ t r a c t i o n  o f  t h e  diaphragm a l o n e  w i l l  move t h e  c h e s t  w a l l  a l o n g  i t s  - -. - m 

r e 1  axat 'cn  c q a r a c t e r i  s  t i c .  -..- 
- 1  

r I: : 1 
a *- : m i  

.-?- 1 - - 3 -  . . 
e m 
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• - .. GOLDMAN, E. AND GOLDMAN, Y .L.J. z -  • 1 

: E f f e c t s  of I n f l a t i o n  on t h e  Mechanical Pro e r t i e s  o f  Co l lapsed  Dog Lungs - • -- . H e d i c i n a  ( B A i r )  28:107-12, May-Jun 68 (spa.! 5 .  - I 13 I - A b s t r a c t :  The behav iour  of s imul taneous pressure-volume curves o f  i s o l a t e d  dog 
-- l ungs  o f  t h e  same animal was s t u d i e d .  One o f  t h e  lungs  was p r e v i o u s l y  i n f l a t e d  - 

z u n t i l  t o t a l  d issappearance o f  c o l l a p s e d  areas was accomplished, w h i l e  t h e  o t h e r  -- 0 1  
- l u n g  remained as a c o n t r o l  Three consecu t i ve  curves were per formed w i t h  each - @ 

: - l u n g .  The r e s u l t s  were expressed as compliance (CL) and work o f  t h e  l o o p  (Wc) € 1 . c a l c u l a t e d  from p l a l m e t r y .  The p r e s e n t  f i n d i n g s  a r e  i n  agreement w i t h  t h e  f a c t  
i t h a t  o n l y  m u l t i p l e  deep i n s p i r a t i o n s  a r e  s u f f i c i e n t  t o  cause c o n s i s t e n t  

changes i n  t h e  s u r f a c t  t e n s i o n  of t h e  lung /  r; 
. 
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Goldman, D.E. and Hueter ,  T.F. :. . -; TABULAR DATA OF THE VELOCITY AND ABSORPTION OF HIGH-FREQUENCY SOUND I N  MAMMALIAN - 
TISSUES 

5 . - -  
- -  0 

---- J. Acous . S O ~ .  Am. 28,35-57,1956 
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2 A b s t r a c t :  T h i s  r e p o r t  i s  a  condensed p r e s e n t a t i o n  o f  c u r r e n t l y  a v a i l a b l e  d a t a  T- < 
> - 1 on t h e  v e l o c i t y  and a b s o r p t i o n  o f  h igh - f requency  sound i n  mammalian t i s s u e s .  
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12 .. 0 i ' - St ra in  3 s r g  Functioi  f o r  Biological  Tissues 
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- A?strz~!:  The Purpose o f  i n i s  paper i s  to inves t iga te  a possible for. of ,.he 

i . ; - 1  e l r s i i c  s l a r q ~  functicn f a r  s o f t  t i s s u e s ,  which can reprojuce t h e  characterist ic :- 

- -  0 
- - f e 6 t u r e  r s  9bServed iil 2XDorirents. The funct ion i s  atsu!Ed to be 

sum o f  the ....- 
' - i t  a  . ~ h i  re la t ions  between the axia l  stRss a n d  deforms- - 

B i t i o n  in  vniaxial tsnsi1,n a re  p j o t f ? , ~ ,  
- C .  - 
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, G O X ,  Garry S.  a.,L Taylor,  Richael G. -21 

: F!easuroment 0; l ' i s c o e l a ~ t i c  Properties of Arter ies  in the Living Dog 
:,.. 8 , -. 

Circyia t ion ?:~earch ,  2 2 ,  111-121, 1968. :-?- 6 , 
., 

--. - . 
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e - - Fbstract:Dyninic: ? : a s t i c  mo?u! i and viscous roduli  of the  a r t e r i a l  ivali r e r e  8) 

0 I. ob?ajped a t  ; !i::qr of s i t e s  of s ~ s t e m i c  vascular t r e e  of I iving dogs 
- -  

> - ) > e j t b e t i ~ e i  $ . I  t r  lenro'.drci:al. Constants e s r e  ca icula ted  using the f i r s t  
a 

! : h a r g n j ~ ~  0 ;  :!essq:re and c ; j ~ f 5 e i .  cbtained from a Fourier  analys is  of 
a 

I s i r l ; l taneour iy  - e c ~ r i e d  ~ o i s e  k6ves. A Fourier analys is  of pressure  and d ia -  
- C 

re:er  YES ?,as S : F P  t o  7 5  l . ! : ? j i t i i f ~ ~ t ~ ~ y  f o r  d e t e r ~ n i n ~ n g  the  fr:.cuency depend- , 

I 
! 

3 ! O ence of v.;scaii.!r t i c  c c r j t l ~ i r s  ~ D C ~ U S ~  
i : : ~ m a l o u ~  btiidvior of me v i s c o e i a s t i c  

para peter^. 1" rpr , l iC? . i s r ?c i~  aorra :?;; behavior rp,) have oeen ; a r r i y  a t t r i -  
i 

3 
butab1 e t 3  rr :r . iact;  hs:;osver, t h? re  ,:jS i t ro~ ig  eviuen:e t h a i  el seahere ncnl inear  

0 : pressure and " ~ r m i t e r  r e l a t ionsh ips  in t e r fe red  ui t h  the accura te  determination 
$. 

. - 
: of the  r e l a t : ~ ~ ; ~  m a l l ,  higher-order harmonic comonpinents. 
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a ' frequency dependnfce of v i s c e l a s t i c  parameters, dynarni c s t i f f n e s s  of a r t e r i e s  , .. 
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t - GOYAL, Raj K., Biancani, Piero,  P h i l l i p s ,  A r i s  a n d S p i r o ,  HowardM. < .  

- Mechanical Proper t ies  of the  Esophageal Wall 9 1  - ; 0 '  - J . C l  i n . I nves t ,  50: 1456-65, Ju1.1971 - . .: li,- ! -- E-. 1 
- Abst rac t :  Pressure-diameter curves o f  the  esophagus were obta ined t o  d e f i n e  i t s  -- - : mechanical p rope r t i es .  The mucosal c o n t r i b u t i o n  t o  t he  s t r e n g t h  of t h e  esopha- - I 

-:I gus was n e g l i g i b l e  u n t i l  the  ou te r  diameter almost doubled, suggest ing t h a t  smal l  - 
i n t r a l u m i n a l  pressures are he ld  by the  muscle l a y e r  alone. For l a r g e r  d e f o n a -  --- 
t i o n s  mucosal c o n t r i b u t i o n  increased and a t  f a i l u r e  t h e  mucosa h e l d  over  one-ha l f  - 

i o f  t h e  f a i l u r e  pressure o f  the  esophagus. 
A - < i The paths fol lowed dur ing  load ing and unloading are  d i f f e r e n t  and e x h i b i t  @ 

1 - -- hys teres is .  They are in f luenced by the  r a t e  o f  pressure change, be ing  more com- 0 
• - p l i a n t  f o r  low ra tes  of pressure change. They are  i n f l uenced  by the  h i s t o r y  of :- -- - load ing,  being d i f f e r e n t  f o r  successive loading-unloadi  ng cycles.  I f  enough . - 1  ; e = loading-unloading cycles are repeated a s tab le  l oop  i s  reached, which does n o t  5- • . change t h e r e a f t e r .  .- c- 

- Both the mucosa and the  whole esophagus show inc reas ing  s t i f f n e s s  w i t h  i n -  - 
0 - 1  creas ing pressure. This behavior can be represented by a s imple exponent ia l  re- -0 - 

- f J  1 a t i onsh ip ,  However, a t  r a p i d  ra tes  o f  pressure increase,  t h e  esophageal muscles : - 
- produce sigmoid load ing curves, which gradua l ly  become exponent ia l  when repea t i ng  - 

l oad ing .  * LY 
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;-i 1. 7 Graham, R. 
- E l a s t i c i t y  o f  human s k i n  i n  v i v o  

.-- . -'I .I 
h Ann Phys.Med., 10: 130-136, 1969 

< - -  . 
0 -  -3 k- 
@ -3 Abstract :  The purpose o f  t h i s  paper i s  t o  descr ibe a method o f  measuring e l a s t i c i t y  . 
@ -4 of s t i n  i n  v iva ,  and t o  present t he  p re l im ina ry  r e s u l t s  o f  a s tudy  i n  wh ich  t h i s  - . 
3 2 ; ;  technique was used i n  an at tempt t o  e luc ida te  t h e  phys ica l  p r o p e r t i e s  o f  t h e  s k i n  3 

i n  rheumatoid a r t h r i t i s  and the  e f fec ts  o f  c o r t i  cos te ro id  drugs. 
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@ Graharne, R. i-. 
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- -  1) 

- A Method fo r  Measuring Human Skin E l a s t i c i t y  i n  Vivo With Obwervations on the  
-, Effects  o f  Age, Sex and Pregnancy z @ I?- * ' - -  C l i n i c a l  Science, Vol. 39, pp. 223-238, 1970 & - - I  

@ 3. I n  the present  study, t he  phys io log i ca l  v a r i a t i o n  i n  s k i n  e l a s t i c i t y  t h a t  - - 0 -!I occurs i n  respect  o f  age, sex and pregnancy i s  i n v e s t i g a t e d  and the  i m p l i c a t i o n s  ; .? concerning the phys io log i ca l  changes t h a t  occur i n  s k i n  co l lagen discussed. -, r -  0 $ Q !  
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- Greenf i e ld ,  Jose.;? C.  ;I.. , i J . D . ,  T inda l l ,  George T . ,  M . D . ,  D i l l o n ,  Marcus I., - - @ ! 
M . D . ,  and Mah~ley ,  M .  S., M.D. 

- kkcnanics of cne Human Corroon Carotid Artery In Vivo 
Circula t ion P!search, Vol. X V ,  pp. 240-246, 1964 

f AdSTRACT: Tr,? purpose of t h i s  study was t o  evaluate  the r e l a t i o n  
:- i n t r avascu la r  pressure ,  vessel diameter and vessc 1  length in  tthe common 
4 a r t e r y  of  t h ?  human sub jec t  during l i f e . '  The mezsurenents were  obtained from 7- . 

13 male pa t i e  ~ t s  during surgica l  exposure of the c o m n  c a r o t i d  a r t e ry  f o r  various - -  
: c l i n i c a l  rnndi t ions .  :. < 

- e  Tne re1 a t i o i s ~ i i ? s  oetwee1i l a t e r a l  i n t r avascu la r  pressure ,  vessel r ad ius ,  and - 
- vssi:-I l e c ~ t h  were evaluated i n  the  common c a r o t i d  a r t e r y  in  lvivo in t h i r t e e n  -- # 

duriqg trcatrrent  by surgery.  S t r a in  wa: measured i n  t he  wall of the  :- 9 
arter;  by r;esni of an e l e c t r i c a l  c a l i p e r  sutured to tine vessel wall .  -- :. : 
i n t r a  iascual r  pressure was measured d i r e i t l y  with e i t h e r  an 18-gauge 

o r  a  s h o r t  polyetnylene c a t h e t e r  connected to  a  Sta them,  P23Db, s t r a i n  
- gauge. The r e s u l t s  lnd ica te  t h a t  circumferential  and longi tutdinal s t r a i n s  in .i %-c 

r4 c a - c t ~ d  a r t e r y  viere botn small .  The w a n  s y s t o l i c  change i n  cross- .---* 
sec t iona l  zrea was 2 . 1 C L  (i SD 1.08) of  the end d i a s t o l i c  ~ r a a .  In three  B - p a t ~ e n t s  a  negative ci r c t i ~ f e r e ~ t i a l  s t r a i n  was qroduced by matking the  cross  sec- ' B ; t ion  of the vassel e l l ~ p t i c a l .  During s y s t o l e ,  longi tudinal  3 t r a i n  increased 

-: , e l  @-'  i n  four  p a t i e : t s  and decreased in s i x  p a t i e n t s .  C 

. - - - - -- - - - - . - - - - - . - - - --- --7---- 
? e -- 

8 ' l b  h i;- ;' T ? ?.:;;-- f i -  U f;6licsl I c b  - ~ g , > $ n  --- - ...--------... 0 

-. ._.._-,- - -A_. -_ -.*. + . .  ..... L&IU----.- - . . , , . . -  ., . - -. - . .< 
a o d o e ~ ) e o t  ~ a e c , ~ e ~ ~ ~ c ~ ~ ~ ~ ~ ~ ~ o e l , e - o s ~ o o o o o ~ ~ s i . ~ e  1 
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- {  Greenf ie la ,  Joseph C .  J r . ,  M . D . ,  T inda l l ,  Georg~; T., M.D., Ufillon, Marcus L., 0 - M . D .  , s n d  i6!aiialey, i*!.S. , M. D. ij. 'i Mechanic; of t i .e  Human Cornmn Camt id  Artery In Vivo 1-i i 
Q - Circu! + t ion  2eseaPch, '101. X V ,  pp. 240-246, 1961 . . . - - . - @. * : - , 

9 - .  $!. , . . .. . 
0 . . ABSTPACT (coil t)  : The average change i n  vessel regment lengtih during s y s t o l e  was .- - 

appro> i ; .~ re l : /  1.0;; of  the end d i a s t o l i c  length.  3 -:;- L . 8 '  
A 8 
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- - Traumatic Rupture o f  Aor ta  .! 
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Grossman, Wi l l iam,  Haynes, Florence, Paraskos, John A . ,  Sa l t z ,  Stephen, Dalen, a , a - - James E., and Lewis Dexter  12 

A l t e r a t i o n s  i n  Pre load and myocardia l  Mechanics i n  t he  Dog and i n  Man 3 I -  @ 1 
C i r c u l a t i o n  Research, Vol. 31, pp. 83-94 - 1 -  m I 

8 -: ? ei 1 4 ABSTRACT: Based on a myocardia l  w c h a n i  cs approach t o  t he  ana l ys i s  o f  l e f t  ven- = ,, 
'i t r f c u l a r  con t rac t i on ,  severa l  indexes have been advanced as s p e c i f i c  m a s u e s  o f  -> 
-I myocardial c o n t r a c t i l i t y .  Although two of these indexes, Vrnax and [(dP/dt)/P]max $ . 

have been snown t o  be a p p r o p r i a t e l y  responsive t o  i n t e r v e n t i o n s  known t o  a l t e r  - @ 
the i n o t r u p i c  s t a t e ,  con tmversy  nas a r i s e n  as t o  whether t h e y  a re  una f fec ted  by Z - C  - - a l t e r a t i o n s  i n  p re load  o r  i n i t i a l  card iac  muscle f i b e r  l eng th .  h i s  s tudy  was i .  
undertaken t o  determine wllich, if any, of the indexes obta ined f rom myocardia l  ne : . , 

8 - i  cnanics ana lys is  o f  l e f t  v e n t r i c u l a r  sys to le  i s  independent of  p r e l o a d  i n  t h e  - -  
i n t a c t  heart .  Increases i n  l e f t  v e n t r i c u l a r  e n d - d i a s t o l i c  p ressure  weR p m -  :.lo 
duced i n  seven dogs by i n f u s i o n  of dextran o r  whole b lood  and i n  e i g h t  p a t i e n t s  I 
by sudden e l e v a t i o n  o f  t he  legs  du r i ng  card iac  c a t h e r i z a t i o n .  I n  dogs, e l e v a t i o n  - 
o f  l e f t  v e n t r i c u l a r  end-d ias to l  i c  pressure was accompanied by a progress ive  '-. €. dec l fne  i n  bot11 Vrnax and [!dP/dt)/P]max masured  us ing  t o t a l  p ressure  (PcO.01). . .-.. I n  con t ras t ,  Vmax m a s u r e d  us ing  developed pressure was u n a f f e c t e d  over a wide =.-- - * 1 range o f  l e f t  v e n t r i c u l a r  e n d - d i a s t o l i c  pressures. S i m i l a r l y ,  i n  t h e  e i g h t  pa- 1 . 

- t i e n t s ,  increases i n  l e f t  v e n t r i c u l a r  e n d - d i a s t o l i c  p ressure  induced by sudden 
e l e v a t i o n  of the  legs  were c o n s i s t e n t l y  assoc ia ted w l  t h  reduc t i ons  i n  [ (dP/d t ) /P ]  a --. M X  measured us ing  t o t a l  pressure (P(0.01) bu t  these changes i n  pressure  

. - - - -7 -  - I 
". - - 

I 
. ~ ~ @ ~ . ~ @ o . . . . @ . . ~ ~ * ~ @ . O @ . o @ ~ . * * . * . . * * . ~  - 

I 



. _ .  _.--I -- --- 1 "&___  -..-_-. .^UY. - - - 
0 @ @ @ @ @ @ @ @ d @ @ @ ~ @ @ @ @ @ @ O @ @ @ e @ @ @ e @ @ @ @ J o @ L ~  , ,  4 - . I  : .  I I 1 1 7  4 2 I 

- - - - - - --A $ - - q i , n ~ c  -- - ~ ~ - ~ , , I I ~ I + ~ I ~ I ~ ~ ~ I I I ! ~ ~ ~ ~ - ~ I ~ \ ~ I S ~ ~ - \ ~ ~ Q ~ I  . - -- 
0 

0 - Grossman, W i l l  iam, Haynes, Florence, Paraskos; John A , ,  Sa l t z ,  Stephen, Dalen, 
:- . _ James E.,  and Lewis Dexter  - ?- 

I A l t e r a t i o n s  i n  Preload and Myocardial Mechanics i n  the Dog and Man I: • 
. - C i r c u l a t i o n  Research, Vol. 31, pp. 83-94, 1972 &@. 1 

1:- . I -= ABSTRACT (cont inued) :  had no e f f e c t  on developed pressure Vmax. I n  t he  i n t a c t  j -  
, hea r t ,  measurements of myocardial mechanics us ing  developed pressure appear t o  3 -? be indepndent o f  preload,  b u t  s i m i l a r  measurements us ing  t o t a l  pressure are  L- ; @ ,  

a f i n v e r s e l y  dependent on preload. Th is  f i n d i n g  ra i ses  doubt as t o  the  v a l i d i t y  o f  1 2 -  ' -- 
t o t a l  pressure rneasuremnts as indexes o f  y o c a r d i a l  c o n t r a c t i l i t y ,  

- - 
1 
-7 
-2 

-: - 
-:, 
d 

9 ;  
a  - 2 ,  - 
@ - I  -- -:, 
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? GUPTA, Bhola, B r i nke r ,  Wade O., and Subramanian, K.N. 
-5' Breaking Strength of Cruc ia te  Ligaments i n  t h e  Dog 
.T J.Amer,Vet. Med. Ass., Vo1.155:10, 1506-8, 15 Nov.1969 

--A *' Abst rac t :  Breaking s t reng th  o f  normal c r u c i a t e  l igaments  i n  dogs was determined 5. I T 
on a t e n s i l e  t e s t i n g  instrument.  Both t h e  a n t e r i o r  and p o s t e r i o r  c r u c i a t e  131, @ 

% 3 -1 l igaments were tes ted  s imul taneously and, i n  some cases, sepa ra te l y .  Th i s  i n fo rm- - -  1 
8: 

@ -: a t i o n  cou ld  be app l i ed  t o  o the r  prostheses used i n  c l i n i c a l  cases o f  r u p t u r e d  $9- . t - - c r u c i a t e  l igaments i n  dogs. It was suggested t h a t  a constant  f a c t o r  r e l a t e d  PC- 
3 t o  body weight be used t o  evaluate t h e  approximate s t r e n g t h  o f  t h e  a n t e r i o r  - c r u c i  a te  1 igament . . - -  
4 
'I 

- 4  . 
-21 . -.f- 
1 i3 , -  ! 

1-l 
I F.- 1 
- E'? . 1 . F a ,  

1'2 
- -- . - -  - . '  . 

1 - I.-- - - -  . 
! . Q e . . @ ~ . e . @ . e @ @ . @ ~ . . m * @ @ ~ @ . e . @ a . @ . o . ~ @ Q  
- - - ----- --.. -*- - . - - - -  _ - * -.--, *._-__- - C------- -..- - 

E v  
r 

;A - 
??" 

z- 

a 

I 
I -- 



- 

Pum. 2. Phys io l .  218(5):1412-1416, 1970. 
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-1 comeres t o  t h e  r570 l e n g t h .  I t i s  oo in ted  o u t  t h a t  t h e  85:; l e n g t h  i s  p robab ly  l e s s  -- 
- I than the  m in  inurn sarcomere of muscle l e n g t h  w i t h i r  t h e  v e n t r i c l e  i n  d i a s t o l e .  -- 4 
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I Paut, Rocjcr h a d  L i t t l e ,  Robert W. +< * 
1 - A C o n s t i t u t i v e  Ecuat ion f o r  Col lagen F ibers  e 

:- 
- J. Bionecn?:irs, Vol .  5:5, 423-430, 1972 -- --- @ 

k b s t r a c t :  7 c o n s t i t u t i v e  equa t ion  f o r  co l lagen  f ibe\,s i s  d r  eloped i n  t h e  fo rm a 
- o f  t h e  'auas , ' i n e s r l  v i s c o e l a s t i c i t y  latar sucjgested by Y .C. I ~ n g .  Th is  mathematical I) 

1 ' 1 model i s  used t o  o r e d i c t  t h e  exper imenta l  responses o f  t e s t s  o f  c o l l a g e n  f i b e r  3 
$ - bundles t ~ t r a c t c j  from t h e  t : i l s  o f  n a t u r e  r a t s  .All experimental t e s t s  were I 

Q conducted i.iittl r ?  specimens i ~ m e r s e d  i n  a constant  temperature s a l i n e  b a t h .  
F r c ~  r e l a x a t ~ ~ n  t s s t s ,  t\,o m a t e r i a l  constants  were o t ~ t a i n e d  and used t o  p r e d i c t  C 

' t h e  r e s u l t s  r constant  s t r a i n  r a t e  t e s t s ,  hys te res is  loops, and s i n u s o i d a l  t e s t s .  L 
5 -  , 
C- 
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Pulmonary Surface Tension and Phosphol ip id Metabolism i n  Diplococcal  and - -  -: Mycopl asmal Pneumonia 

: Acta Med. Nagasaki 15: 82-100, 1972 -- 
- - I  - z .  

ABSTRACT: I n  attempt t o  evaluate t h e  mechanism, by which t h e  tendency o f  a te lec -  z 
- e ;  - t a s i s  was produced i n  d ip lococca l  and mycoplasmal pneumonia, t h i s  study was done,+= 

'I Hamsters were used as ma te r i a l s .  The r e s u l t  showed the  low surface a c t i v i t y  i 
i n  d ip1  occal and mycop las~a l  pneumonia. Furthermore, t h e  cause o f  the  low sur-  '- - 

1 -: face a c t i v i t y  was i nves t i ga ted  e s p e c i a l l y  f rom t h e  p o i n t  of t h e  q u a n t i t a t i v e  and - C 
q u a l i t a t i v e  a l t e r a t i o n  of phosphol ip ids which was a major  component o f  pulmonary ( 2 su r fac tan ts .  The r e s u l t s  suggested t h a t  the  decrease of sa tura ted f a t t y  acides -. 
and t h e  increase of  unsaturated f a t t y  ac ids  o f  t he  l ung  e x t r a c t s  was a  f a c t o r ,  -. 

%i by which the  low surface a c t i v i t y  was induced i n  both  pneumonic groups. -- :- @ 
-; On t h e  o ther  hand, the  lung e x t r a c t s  contained ery throcy tes  i n  t he  pneumonic 2- 

group. Hence, i n  t he  pneumonic group. Hence, i n  t h e  pneumonic group the  low 
7 5 -  , 

-& sur face a c t i v i t y  may r e s u l t  from the contaminat ion due t o  t h e  exduat ion of i n t r a -  i 
vascular  component such as serum. F a t t y  a c i d  composi t ion of l e c i t h i n  o f  t h e  l u n g  7. 

*--1;- e x t r a c t s  i n  pneurnonic group was n o t  s i m i l a r  t o  t h a t  o f  serum l e c i t h i n .  -- 
-2 I n  consequence, i t  was suggested t h a t  t h e  qua1 i t i t i v e  a1 t e r a t i o n  of l e c i t h i n  I 

of t h e  l ung  ex t rac t s  might  be a  f a c t o r  o f  t h e  low pulmonary su r face  a c i t i v i t y .  2 .  - - '  - i:l> , 
- . < > a  F- a ' 
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' @  Hanson,P.G. ,i - I 

e -T Cardiac displacement and t h o r a c i c  vascular trauma r e s u l t i n g  f rom abrupt  - decel era  ti on o f  dogs. ,?  e 
- 1  - F- i I) - .- Aerospace Medic ine 38: 1259-1 263, 1967. k- - ,- e I -. 
; Abstract :  Abrupt dece le ra t i on  ( impact)  i n  the l ong  a x i s  o f  t h e  body((; ) may pro- I- j 
-; duce t raumat ic  rup tu re  of  the  tho rac i c  ao r ta  and g r e a t  vessel branchesZor ig inat ing-  I, 4 

V: from the a o r t i c  arch.  The mechanism of vascular trauma may i n v o l v e  t e a r i n g  - :- @ 1 

ac t ion  from sudden displacement of the  hea r t  and t h o r a c i c  v i sce ra .  These - 3  - experiments were designated t o  study the  dynamics o f  card iac  d isp lace~nent  du r ing  -i T- 
o L and a f t e r - - 6  (head f i r s t )  impact of anesthet ized dogs. The animals were re -  - 0 

-- ' st ra fned i n  fo rm- f i t t ed  capsules and exposed to--(. dece le ra t i on  over  a range o f  - 
-I 20 t o  40 G. High-speed radiographs o f  t he  tho rac ig  c a v i t y  were taken a t  var ious - -- - -- - times du r ing  dece lera t ion .  Radiograms showed t h a t  t h e  h e a r t  underwent severe i n -  , -i - e r t i a l  displacement and o s c i l a t o r y  rebound. A t  impact l e v e l s  above 35 G, e . :  1;. e 1 
-3 vascular damage occurred i n  branches of the  brach iocephal ic  and subc lav ian a r -  . ; = te r ies .  These data suggest t h a t  v i o l e n t  displacement o f  t he  ca rd iac  mass i s  a .: major cause of  vascular trauma from Gz impact. >7e 
2 
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: Hardung,V. :- q) 
l -s Die  Bedeutung der A n i s o t m p i e  und Inhomogeni t a t  be1 der  Bestirrmung d e r  E l a s t i z i t a t ,  . @ , 

,ill der  Blutgefabe. I. M i  t t e i l u n g  
-+;;1 Angiologica 1: 141-155, 1964. 
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1 -- Hardung, V .  and Laszt ,  L.  5 

- D ie  Beziehung zwischen Last  und Verkurzungs-geschwindigkei t beim GefaBmuskel 
Ang io log ica  3: 100-1 13, 1966 - .  y a ,  

:- i 
- -  3 

' - Abst rac t :  The fo rce -ve loc i t y  r e l a t i o n  of vascu lar  muscles has been s tud ied  f rom 
pu re l y  mechanical measurements i n  order  t o  ga in  some in fo rma t ion  on a p o s s i b l e  

-I,, i n f luence of a r t e r i a l  cont rac t ions  on blood t ranspo r t .  It has been found t h a t  @ 
, a l s o  these muscles e x h i b i t  much the  same behavior  as has been found by H i l l  f o r  a - 

- s k e l e t a l  muscles, t h a t  i s  t o  say the  speed o f  shor ten ing V i s  r e l a t e d  t o  t h e  - - load  K according t o  the equat ion 
( K  + a)(V +b) = (Ki + a)b  - C 

-: - where a and b are constants and Kj  i s  t he  l oad  supported by i somet r i c  s t r e t c h .  - 
The constant  a, which i s  a  measure f o r  t h e  heat  o f  shortening,  determined f rom a @ - -. 

- - phasic con t rac t i on  ( a f t e r  e l e c t r i c  s t i m u l a t i o n )  i s  s i g n i f i c a n t l y  d i f f e r e n t  f rom 
6 - t he  value obtained w i t h  a t o n i c  c o n t r a c t i o n  ( s t imu la ted  by K- ions).  The l a t t e r  @ . I  - values s c a t t e r  indeed around zero.  This seems t o  be the  app rop r i a te  c o n d i t i o n  -: f o r  the a r t e r i e s  t o  con t rac t  w i t h  t he  smal les t  expense o f  energy a f t e r  any - 

-@!I- s y s t o l i c  extension.  2 -  
- 1  - -@ 

5 - 
L-a $A 
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Hardung ,V . 
Dyqarnische E l  a s t i z i  t a t  und i nne re  Rei bung muskularer Bl u teg fa f se  b e i  ve rsch iedener  
durch dehnung und ton ische Kont rak t ion  hervorgerufener Wandspannung Q 

Arch. F .  K r e i s l a u f f ,  61: 83-100, 1970 i- < 
E- 

Abstract:The present paper deals f i r s t l y  w i t h  t h e  d e s c r i p t i o n  o f  a  new instrument,  f o r  the  measurement o f  a  complex modulus o f  e l a s t i c i t y  E = E '  cos(+ i E 1  s i n  ( o f  0 
a r t e r i e s  and o ther  elastomers. Ringshaped a r t e r i a l  segments were sub jec ted t o a  - 
sinuso ida l  s t r a i n .  The r e s u l t i n g  s t ress  u s u a l l y  leads t h e  s t r a i n  by a phase 1 , 

angle. E '  cos i s  c a l l e d  the  dynamic modulus o f  e l a s t i c y  and E! sinmthe l o s s  -I 

constant ,  which can a l so  be represented by t h e  product  o f  angu lar  f requency u 
and a  v i s c o s i t y  constant  n . Both q u a n t i t i t e s  depend main ly  on t h e  i n i t i a l  

- 
- 

Stress i n  the  a r t e r i a l  w a l l  and o f  t h e  f requency o f  t he  fo rced  v i b r a t i o n .  
1 . ---- 

I: 



.- a - ,  Hardung, V .  
- -  E i n f l  uss der  Muskel k o n t r a k t i o n  auf d i e  Ausbrei tungsgeschwi nd i  gkei t und Dampfung 

. 
- der Pulswel len ( t h e  in f luence of Muscular A c t i v i t y  on the  Speed o f  Propagat ion @ 

and Damping of Pul r e  Waves) 
- -  . s. 

l -, Angiologica 8: 347-354 (1971) ?-- 0 
1:- 0 .  I : 21 Abstract :  I f  we suppose t h a t  t h e  smooth muscle o f  t h e  vessel w a l l  develops an 
-- 

a d d i t i o n a l  s t ress  when the vessel w a l l  i s  s t re tched,  a mathematical a n a l y s i s  
a 

3 --5 - shows t h a t  i n  the absence of a na tu ra l  p o s i t i v e  danming o f  the  pulse wave a 
@ - negat ive damping constant  might  r e s u l t ,  whereas the propagat ing speed o f  t h e  c .  
l 7 -- pulse wave w i l l  be b u t  s l i g h t l y  a l t e r e d .  Th is  e f f e c t  occurs o n l y  when t h e  0 

- f a d d i t i o n a l  s t ress  lags behind t h e  e l a s t i c  deformation. I n  r e a l i t y ,  t h e  p o s i t i v e  - . 
damping due t o  v i s c o e l a s t i c i  t y  w i l l  genera l l y  be g rea te r  than the  nega t i ve  one 

. . - I  due t o  muscle a c t l v i  t y ,  i n  such a way t h a t  t h e  p o s i t i v e  damping w i l l  o n l y  be 
. - 6 

-;. reduced by the  l a t t e r .  But some experiments on dogs l e t  us surmise, t h a t  the 
e 

' - '  negat ive damping exceeded the  p o s i t i v e  one. C 
1 -1  7 i f  I) 

* I  '3 .s Abstract :  The aim of t h i s  work was the development o f  a s u i t a b l e  apparatvs f o r  ': 
- the  measurement of dynamic e l a s t i c i t y  of r u b b e r l i k e  m a t e r i a l s  which m i g h t  be . -: 

-.- used f o r  b lood vessels and e v e n t u a l l y  some o t h e r  e l a s t i c  t i s s u e s .  Forced --- <* 
I. v i b r a t i o n s  of d i f f e r e n t  low frequencies from about 1 t o  15 cyc les  p e r  sec. a r e  ' ' l - 1  - used f o r  t h i s  purpose. The e l a s t i c  modulus i s  c a l c u l a t e d  from t h e  s i n u s o i d a l  - @ 
-I s t r e s s  and s t r a i n  curves obta ined by photographic record ing.  The smal l  phase 

- 
'f s h i f t  between the s t ress  and t h e  s t r a i n  can be used f o r  a rough e s t i m a t i o n  o f  - 

+-- 
. -: t h e  v i s c o s i t y  of the m a t e r i a l s  tested.  

5 0 '  -- ' ?- ., 

- -i 7 .- - c- -  : . 
- - 
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i -  . - 8 7 Hardung, V. 
I.: z 0 - Uber e ine  Methode zur  Messung der  dynamischen E l a s t i z i t a t  und V i s k o s i t a t  -: 

a 

-- kautschukahnl icher Korper, insbesondere von Blutgefassen und anderen " 
l - e las t i schen  Gewebteilen. ,Z q) ' Helv. Physio l .  Acta 10: 482-498, 1952 Q 
5 kh ; - -  
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Impedan zmessungen ;I- . I 
, - 

Ang io log ica  8: 17-30 (1971) '2;. L • 1 
? a  ; -. 8 
-7 

l - 1 Abs t rac t :  The main purpose of the  present work was t o  s tudy  t h e  i n f l uence  of  :: e ?  - - 
muscular a c t i v i t y  on the dynamic behavior  o f  t h e  c a r o t i d  a r t e r y .  To t h i s  purpose I ' 
we determined the  i n p u t  impedance o f  the  vessel as a  f u n c t i o n  of frequency. On - - the  o t h e r  hand, we ca l cu la ted  such impedances t h e o r e t i c a l l y  f o r  an e l a s t i c  tube 

l 1 model c losed a t  t he  per iphera l  end, using d i f f e r e n t  parameters such as speed of i 
- p ropagat ion ,  damping constant  and length .  Even a  mere q u a l i t a t i v e  comparison of - 9 - s t he  exper imenta l ly  obtained w i t h  the  ca l cu la ted  impedance-curves y i e l d s  t h e  -- - . -- 

• -; f o l l o w i n g  i n t e r e s t i n g  r e s u l t s :  i f  we cancel t h e  muscular a c t i v i t y  by i n j e c t i o n  1 - 
- o f  papaverine, the c a r o t i d  clamped a t  t he  pe r i phe ra l  end shows a  p l c t u r e  which 5- . , 
i- c l o s e l y  ressembles the  t h e o r e t i c a l  one. Also a  n a t u r a l  clamped c a r o t i d ,  n o t  i , 

- i n f l uenced  by any drug, s t i l l  shows some general f ea tu res  o f  t he  t h e o r e t i c a l  - 
.'_i. p i c t u r e .  On the  o the r  hand, a  s t r i k i n g  d i f f e r e n c e  can be observed under t h e  - 1-• 
l -; i n f l u e n c e  of t he  pressure reducing po lypept ide  f i r s t l y  ob ta ined by Lasz t .  I n  i @ 
@ . =  - t h i s  case, phase s h i f t s  between pressure and f l o w  a re  l a r g e l y  enhanced beyond the, 

t h e o r e t i c a l l y  ca l cu la ted  l i m i t s  f rom -90' t o  +90°. These 1  arge phase-sh i f ts  can -? 
. o n l y  be accoun - 5 ' "  ' ----- - ... $- . 
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l Hardung, V. and L. Lasz t  
Ang io log ica  8: 17-30 (1971) 

E I;,. I 

--- Abst rac t ;  cont inued: b- 
fi' l o n l y  be accounted f o r  by a  negat ive  damping cons tan t  B .  T h i s ,  i n  t u rn ,  means -- 

t h a t  we must i n t roduce  i n  t he  theory  some k i n d  o f  an a m p l i f y i n g  element due t o  :- 
muscular a c t i i v i  t y .  8. 1 

A f u r t h e r  i n t e r e s t i n g  r e s u l t  can be obta ined i f  we r e c o r d  pressure and f l o w  5-  
- ?  

s h o r t h l y  a f t e r  the  removal of the  clamp. I n  t h i s  case, t h e  impedance-curves show -- 
- c 2 t he  vehavior  of a  tube w i t h  an open end n o t  encountered no rma l l y  i n  t he  a r t e r i a l  

@ c i r c u l a t i o n .  Thismight  be a t t r i b u t e d  t o  r e a c t i v e  hyperemia o f  t h e  pe r i phe ra l  
- ! I  - vessels.  
e :  
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4 l Yardung,V, and L.  Lasz t  • , 1 - Versuche i n  v i t r o  uber den E i n f l u s s  d e r  Muske lkon t rak t ion  auf  d i e  Dynamik d e r  < I 

- Gefasswand n - a  ! 
k n g i o l o g i c a  9: 81 -88 (1972) 

E.- 

a  - -  
1 6 ;  

- k- 

a  Abst rac t :  The p resen t  paper deals, f i r s t l y ,  w i t h  an i n  v i t r o  de te rmina t ion  o f  y-  l 1 
- 

l impedance of l a r g e  sec t ions  o f  c a r o t i d e  a r t e r i e s .  These experiments were thought  O 

.. of as a  complement t o  o u r  e a r l i e r  experiments on t h e  l i v i n g  animal. T h e i r  r e s u l t s  . - can a l s o  be exp la ined  by a  d imin ished damping f a c t o r ,  when t h e  vascu la r  muscles - -< -i are  brought  i n t o  a  con t rac ted  s t a t e .  
- 

l 1 I n  some f u r t h e r  experiments, pressure a lone was recorded; t h e  vessel was -: 
0 

-: connected t o  a  pump w i t h  s inuso ida l  move ment o f  i t s  p i s t o n ,  as i n  t h e  f i r s t  a  
- 

l . s e r i e s  of experiments. I f  t h e  pump i s  s e t  i n  such a  p o s i t i o n  t h a t ,  a t  t h e  be- - :- - -  + - - i n n i n g  o f  i t s  movement, t h e  p i s t o n  i s  near the  ent rance f o r  the  a r t e r y  a t tached  : e . -<- i t ,  and when t h e  vessel i s  i n a c t i v e ,  t h e  pump w i l l  produce pressure waves whose<. 
i maxima w i l l  c o i n c i d e  w i t h  t h e  s t a t i c  pressure b e f o r e  t h e  onset o f  pumping. 

• -! - On t h e  o t h e r  hand, i f  t h e  vessel i s  brought  t o  an e x c i t e d  s t a t e  by  a p p l i c a t i ~  
c 

i 

l : of h is tamine,  t h e  pressure maxima exceed t h e  pressure a t  r e s t .  We conclude, there-- -- 
a - I  f o r e ,  t h a t  an e x c i t e d  vessel w i l l  produce a d d i t i o n a l  fo rces  o r  t e n s i o n  when i t  I a  i 

I - i s  q u i c k l y  s t r e t c h e d  and w i l l  fol$ow t h e  s t r e t c h ,  even when t h e  frequency of '2=. Q , 
these s t r e t c h e s  i s  as h i g h  as 1 t o  4 CpS. 
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l ? paf led  Over, e i  they because t h e i r  s i g n i f a n c e  i n  t e n s  of mechanical p r o p e r t i e s  i s  l 

, 

u n c l e a r - f o r  example, t h e  mo lecu la r  s i e v i n g  e f f e c t  o f  connec t i ve  t i s s u e s  components --• l 
o r  because t o o  l i t t l e  in fo rmat ion  was avai labe,  f o r  example on t h e  movement o f  c e l l s  

l < through connect ive t i ssues .  The reason f o r  t h i s  l a c k  o f  i n f o r n a t i o n  i s  p robab ly  l 
l * t h a t  the  na tu re  o f  the b a s i c  m a t e r i a l s  f rom which co-nec t i ve  t i s s u e s  a r e  made has * a  -- 
a  - - 
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- Mechanical Proper t ies  of  Collagenous Tissue 
- TREATISE ON COLLAGE,  Vo1.2, Pa r t  A. 247-310, 1968 - 
- 1  I: - 
. Conclusions continues : T- < 
- 2  

has only r ecen t ly  begun t o  be c l e a r l y  e s t ab l i shed .  I t  is t o  be hoped t h a t  i t  i 
wil l  now be poss ib le  t o  pay more a t t e n t i o n  t o  t h e  manner i n  which they work -- 

- mechanically, s ince  this i s  t h e  b io logical  bas i s  f o r  t h e i r  e x i s t i n g  a t  a l l ,  
I; - - I 

- 1  
d k. 
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"2 Iau:, Roger C, and L i t t l e ,  Rober t  y. 
- m e o l o 9 i c a l  i l r o p e r t i e ~  o f  Canine A n t e r i o r  C r u c i a t e  Ligaments 

l -I Journa l  o f  B o m c h a n i c s ,  Vol. 2, NO. 3, pp. 289-298, 1969 
l - 1  ---- 
l - 1 A b s t r a c t :  Tl:e mechanica l  P r o p e r t i e s  o f  can ine  a n t e r i o r  c r u c f a t e  l i g a m n t s  are 

- s t u d i e d  a t  d? f f e r e n t  S t r a i n  r a t e s  and i n  d i f f e r e n t  e n v i m n m n b .  A t i b i a -  * :  - 
- a n t e r i o r  c r u c i  a t e  1 i g a ~ n t - f e m u r  p r e p a r a t i o n  i s  t e s t e d  p r e v e n t i n g  r u p t u r e  at - 6 

2 -  0  -' p o i n b  o f  6 CtaCnWnt*  The data i s  comrared r i  t h  o t h e r  fnvestjgationl o f  1 i  ga- i - ? !  Gents and terldons and i s  p l o t t e d  by  use o f  t h e  c  ~ n s t i t u t i  ve e q u a t i o n  pmpoSed 
l - - DY Y -  r 1 1  Good a S R e W n t  i s  o b t a i n e d  u s i n g  Fungls e x p o n e n t i a l  r e l a t i o n s h i p  l * I  and two r&iEr ica i  p a r a m t e r s  are suggested f o r  e v a l u a t i o n  o f  f u t u r e  & s t  da ta ,  i l I -; -- 
0  - 1  
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0 -a:$ 2. 0 + Hawthorne ,F i r~ard  W. 4 I 

9 Symposiur on I?asuaements of L e f t  V e n t r i c u l a r  Voit.me. P a r t  I11 Dynamic Geometry i * 
l '',of t h e  '-e't. V e r , t r i c l e  1- : 

0 . - ' The Am. J r .  3 f  Card io logy ,  Vo1.18, 566-573,1966 !. e 
0 3 ,  0 ,  

- ' A b s t r a c t :  SOP? ins tan taneous  geomet r i c  changes o f  t h e  l e f t  v e n t r i c l e  d u r i n g  t h e  - e l  -- cardi;,r i y c l ?  have been d ~ s c u s s e d .  It  i s  suggested t h a t  changes o f  s i z e ,  shape 
-: and W G :  t n i  m e s s  p r o v i d e  s p e c i a l  mechanica l  advantages t o  t h e  v e n t r i c l e  - -  0 . 

2 '- d u r i n g  t~,? v 3 r i o u s  pnases o f  t h e  c a r d i a c  c y c l e .  : l 
1 e--1 It i s  p r i > o s e d  t h a t  t h e  e c u i v a l e n t  geomet r i c  i rodel o f  t h e  l e f t  v e n t r i c l e  c' 
. e  .. i s  a  t n i c  - . i , i l e d .  noq-o ro la fe  e l i i p s o l d .  Cnanges i n  w a l l  tn :ckness  a l t e r  t h e  l 

s t r e s s e s  o i s ~ r i b u t e d  across tne  v e n t r i c u l a r  w a l l  and adjusr :  t h e  w a l l  s t r e s s  1- e ' :- d u r i n g  tt-r c a r d i a c  c y c l e  w l  t h i n  c e r t a i n  l i m i t s  as y e t  u n d e f i n e d  and f o r  --- 
3 ..; reasons w r ~ i ~ i  a re  as y e t  n o t  understood.  ;. 1 - 

- .! - For  fir/ g:ven h e a r t  r a t e ,  myocard ia l  i n o t r o p i c  s t a t e  and v e n t r i c u l a r  p r e s s u r e  - 
f t h e  stre5:es and t e n s i o n  w i t h i n  t h e  v e n t r i c u l a r  w a l l  a r e  m a j o r  f u n c t i o n s  o f  n o t  5 l I - 0 ' o n l y  press: l te  b u t  v e n t r i c u l a r  s i z e ,  shape and w a l l  t h i c k n e s s .  
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- HAYES,  W . C .  and 'bckros ,  L . F .  
- \ ~ ~ s c o e l a s t i c  D r o ~ e r t l ~ s  of Human Articular Carti lage 
-1 J .Appl .Phy: iol , 31 ( 4 )  ,562-568.1971 

rac t :  Shear and bulk creep compliances of human a r t i c u l a r  ca r t i l age  are  
5 1 uated lrom independent creep t e s t s  in torsion and uniaxial s t r a i n .  Linearity 

be C O ~ F ~  iznce coeff ic ients  in the loading range tes ted  indicates t h a t  the - @ !  
; , I  I t s  a re  applicable to  v iscoelas t ic  analyse: of synovial j o i n t  mechanics. , The mear. ire! c o ~ r l i a n c e s  for  normal and degenerative t i s s u e  a re  compared and : - ' 

found to d i f f e r  s ign i f i can t ly .  Preliminary invsstigations a l so  suggest tha t  
7 -ti - floiu oLrs:es s r e  not ir1p;rtanat in the i n i t i t 1  stages of the  deformation of 
1 g , n o r ~ a l  t i s s u e .  e :  
t'i 
$ ,,I 

e las t i c :  t y ;  v iscoelas t ic i  t y ;  synovial j o in t  mechanics; shear  modulus; bulk - -- 
modulus ; crcep t e s t s ;  degenerative ca r t i l age  

-- --.--a -- -. - -  -..--LIwI..LwLI- - 
j ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ @ @ ~ ~ @ @ 0 0 C a Q 8 b @ Q ~ @ @ @ ~ @ Q 9 ~ ~ 8 * . 3 ~  - 
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Henderson, A.H., Brutsaert,D.L., Parmley,W.W. an! Sonnenblick,E.H. 
:. I 

I 

2 Myocarditi ':echanics in P a ~ i l l a r y  Muscles of the  Rat and Cat 5 - e ,  
@ - I  Am.J. ~ ? v s i o l .  2 1 7 ( 5 ) :  1273-1239, 1969. 

I : @ I  

.: .* - 
-- - 0 

Abstract: Species differences in myocardial riechanics were studied in  r a t  and c a t  
1 

p a p i l l ~ r ,  muscles. The i n t r i n s i c  velocity of contractile element shortening I : - ( I  ) w i C  3 t i r e s  h ic ler  i n  the r a t  a i  comparabie low frequencies. Resting 
- @ i 

- angag,\ .'me@ t t 2 s ' i ~  a t  t h e   to^ of the length-tension curves was s imi la r ,  but 1 Q 1 

r'-. time t 3  : ~ a k  tension i i a s  3 times shor ter  in the  r a t  while peak r a t e  of tension 
I 0 : deveycpvent i dT!dtl was correspcndingly higher.  Increased r a t e s  of contraction 

<- I 
0 

; 8 in tne r a t  : 2-e assc.c;:red \ i i ~ h  decreases in  1,- and dT/dt c i n t r a c t i l i t y  was 
not fur the .  :i:mented !I: pal red st imuiatioo ,vhef$as a t  higher frequencies t h i s  

I @  1 
0 I 

increased ; o n f r s c t i I ~ t y  but ,  in contras t  with the c a t ,  did not shorten time t o  - - - 
peak t e n d 9 s r  i n  b o t h  r r ec i e s  and increased c o n t r a c t i l i t y  but only s l i g h t l y  a t  

I 
.- 

; the cont: 11 5: i n t r ace l l  u lar  calcium movement o r  in  r a t e s  of the  con t rac t i l e  

@ '  I 
@--I low frer,uenries i n  the r a t .  These species differences imply basic differences in  r 6 ' , 

- : process. 
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I .  - 
CI . - rlefner, Lloyd L . ,  and Bowen, Earle T . ,  J r .  
• I 1 - Elas t ic  Conponents of Cat Papillary Muscle 

- Am. J. P~ iys io l . ,  Vo1. 212, Ho. 5 ,  pp. 1221 t o  1227, 1967 
7 @ ,  5 1 -  . I 
E- i -I ABSTRACT: The isotonic quick-release method was used t o  study the e l a s t i c  : 0 ,  1 components of ca t  papillary muscle. Ttle data were analyzed in t e r m  of w o  
r -  (P .: different  conceptual models. The resul ts  suggest tha t  paral le l  e l a s t i c  component 1 : .> - y  i s  paral le l  t o  both the contract i le  element and the s e r i e s  e l a s t i c  component 

8 -- (model I )  ra ther  than paral le l  only to  tile contract i le  elenent (model 11). Equa- 
* I  tions for  calculat ing the force and the velocity of shortening of the contrac- - ' j t i l e  element for  e i t h e r  model are presented. - - < . -: - ; 8 ,  . 1 

rl :- . , - cardiac muscle physiology; e l a s t i c i t y  of cardiac muscle; biological mdels .  -- -- - 5  
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-." tiein1 , Peter --- 
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;-[kchanical Activation and Deactivation of the Isolated Contract i le  Structure of - 

-. Frogs Sartorius by Rectangular and Sinusoidal Length Changes] (German) 
- -  I) 

.? Pflugers Arch. Vol. 333, pp. 213-226, 1972 9- ep I 
-- - -> ABSTRACT: Fibers of frogs sar tor ius  were extracted with glycerol and s tored  

*. - 1  

.; fo r  up to  2 ronths a t  -16OC without losing t h e i r  con t r ac t i l i t y ,  while the calcium 2 -  @ 

-,: sens i t i v i t y  was partly l o s t  during loi~ger  storage. Freshly glycerinafed ( f u l l y  
- calqium sens i t ive)  f ibers  were suspended in ATP-salt-solution with 10 7 - 1 0 - 6 ~  4 > -' - Ca and f ibers  with par t ia l ly  l o s t  calcium-senlitivit  Y+ (o lder  than 2 months) were ?"- 
I. suspended in calcium-free ATF-salt-solution (10 8 t4 Ca ) .  

- c, d5 
31. . 

• 1 - quick s t re tch  by 0.1 - 1% of the f i be r  length caused an immediate tension - 

- i  r i s e  followed by a small tension f a l l  and a secondary delayed tension r i s e .  The ' 
-- maximum of delatyed tension was obtained by s t retching 0.5-0.8% L . The delayed - I -  --- 9 

tension, b u t  not i t s  kinetics decreased with decreasing actin-rnyo!in-overlap * -  • 
(range 2.2-3um). After quick release tne immediate tension f a l l  was often 

- - 
- . 

followed by a small tension recovery passing in to  a delayed tension f a l l .  Calcium- 
. was not essent ial  fo r  the delayed tenqion production i f  the f ibers  were aged o r  - 

- suspended a t  pH 8. 
5 
A- 

During sinusoidal length changes ( 0 . 1 - I N o ;  4-45 c i s )  the sinusoidal tension - ' • 
changes l a g g e d ~ e n l n d , s o t n a t  t h e f i b e r s p r o d u c e d p o s i t i v e w o r k , w h i c h w a s  mxi -  1 . 0  I mum a t  tile frequency of 20 c/s .  

- 
I. - 8 
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' - Seat B e l t s  - L i m i t s  of Pro tec t ion :  A Study o f  Fa ta l  I n j u r i e s  Among B e l t  Weareh 

- 
€ 7 17 th  Stapp Car Crash Conference, SAE Paper No. 730964, pp. 35-66 . 

-: -:I- -- . .  ABSTRACT: Because the  use of seat b e l t s  when a v a i l a b l e  i s  mandatory i n  A u s t r a l i a  - e  
7 and now a t  a  h igh  l e v e l ,  a  h igh  p ropo r t i on  of those who crash are wear ing  s e a t  

c - b e l t s .  The f u r t h e r  p r o t e c t i o n  of these occupants i s  h igh  p r i o r i t y ,  
71: This paper repor ts  a  study o f  a  ser ies  of f a t - l l y  i n j u r e d  occupants o f  + : 0 23 recent-rmdel passenger cars, per for red i n  order  t o  i n v e s t i g a t e  the p o t e n t i a l  f o r  - 
- 1  ex tens ion of the l i m i t s  o f  seat  b e l t  performance i n  crashes t h a t  a re  c u r r e n t l y  

@ ; f a t a l .  
:- . -:- Improvements i n  seat  b e l t  design and i n s t a l l a t i o n  should reduce a  propor-  - t i o n  of c u r r e n t  losses from death and i n j u r y ,  b u t  f u r t h e r  reduct ions  i n  these 

losses w i l l  demand a t t e n t i o n  n o t  on ly  t o  the crashworth iness o f  the ca r  b u t  
:- 

also  t o  the c h a r a c t e r i s t i c s  of the o the r  veh ic les  and roadside s t r u c t u r e s  t h a t  i . : -4 are  c o m n i y  inpacted. 7 5 -  a , 
0 - -  5 0 '  

.$ 
+ 5 -  a I -- 

a -4 2 .  . : c I 
:- . -z ;i ' 2 . j  . 

• 5 , r 
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Hi ldebrandt,J.  
3% a 

a - Ex tens icn  o f  Smal l -S t ra in  Theory t o  F i n i t e  D e f o m t l o n  o f  C y l i n d r i c a l  Vessels by I 
' - I n t e r n a l  Over-Pressure 0 1  
- Ang io log ica  7: 257-272, 1970. 

-4 

b- , 
&-- 

-,: "- 
0 . I  Abs t rac t :  Ca lcu la t ions  o f  t h e  pressure d i s t e n t i o n  o f  c losed c y l i n d r i c a l  vesse ls  - a 

us ing  c l a s s i c a l  i n f i n i  t e s i m a l - s t r a i n  theory  p r e d i c t  t h a t ,  f o r  i s o t r o p i c  m a t e r i a l s .  e - 2 1  - t h e  l e n g t h  remains f i x e d  w h i l e  t he  diameter increases l i n e a r l y  w i t h  pressure.  : 
! !  These p red i c t i ons  can be v e r i f i e d  exper imenta l ly  o n l y  i f  t h e  r a d i a l  deformat ion 
1 - 1 i s  l e s s  than 2-3%. This paper develops formulae a p p l i c a b l e  t o  deformat ions  up - C 

e t o  approximately 10 t imes t h e  above , based on a  m o d i f i c a t i o n  o f  i n f i n i t e s i m a l  
7'  

- 5  -- theory.  The r e s u l t s  p r e a i c t  s i g n i f i c a n t  lengthen ing o f  i s o t r o p i c  vesse ls ,  and a 
ba l l oon ing  o r  'o low-out '  above a  c e r t a i n  pressure.  I t i s  shown t h a t  t h e  c l a s s i c a l  
s t resses con ta in  a  c o n o n  hyd ros ta t i c  component wnich must be s u b t r a c t e d  before . - 

. 
. the  stresses can be i n t e g r a t e d  across t h e  w a l l  t h i ckness  t o  y i e l d  w a l l  t e n ~ i 0 n S .  , , 

- When the  h y d r o s t a t i c  component i s  taken i n t o  account, Lap lace ' s  law i s  found t o  I - 
0 --: h o l d  f o r  t h i ck -wa l l ed  vessels as w e l l  as f o r  t h i n - w a l l e d  vesse ls ,  
0 key words: pressure d i s t e n t i o n ;  E l a s t i c  c y l i n d e r s ;  i n f i n i  t es ima l  t heo ry ;  --- lengthen ing i s o t r o p i c  vessels a -1- 

0 ;  . - 1  

- - - - - - - - 
6 @ i  j : I - a 

- - 
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HILDEBRANDT, J. - .  + 

I -1 Models of  Pressure-Volume Hysteresis 
(B 

P y  1 B u l l  Physio-path.resp., 8, 337-350, 1972 ,: - ; 
% - Abst rac t :  Current  models o f  l ung  hys te res i s  may be c l a s s i f i e d  as - equ iva len t  - - models, i n  t h a t  they seek t o  descr ibe data by a r b i t r a r y  mathematical fo rmula t ions 

o r  w i t h  i dea l  i zed  mechanical components w i t h o u t  p a r t i c u l a r  regard  t o  under l y ing  a - molecular processes o r  mechanisms. One such model c o n s i s t i n g  o f  p l a s t o e l a s t i c  - -: and l i n e a r  v i s c o e l a s t i c  elements i s  reviewed. I t  i s  a p p l i c a b l e  i n  the  l i n e a r  - C -7 

: p o r t i o n  of  the PV curve f o r  t i d a l  volumes (V t )  up t o  10-15% of TLC. For l a r g e r  g -7 amplitudes o the r  rmdels have t o  be developed. E f f o r t s  have been made t o  c l a r i f y  
- 

h y s t e r e t i c  mechanisms employing two preparat ions:  (a)  whole lung, e i t h e r  a i r  o r  - 
-- ' - l i q u i d  f i l l e d  and (b )  t i s s u e  s t r i p s  d issected from lung .  A comparison o f  a i r  - - -!, 8 

.T and s a l i n e  PV curves revea ls  tha t ,  a t  l e a s t  f o r  s low cyc les ,  75-80 % of  hys te res i s  

4 i s  a t t r i b u t a b l e  t o  the  l ung  l i n i n g .  However, severa l  s i m i l a r i t i e s  between t issue-  @ 
- and l i n i n g  hys teres is  do e x i s t  suggesting perhaps t h a t  some fundamental mechan- - j 

-- - i  isms are  shared. Deductions from s t ress  adapta t ion  o f  l u n g  l i n i n g  p o i n t  t o  t h e  1 

@ . : exis tence of many so l  i d -1  i k e  c h a r a c t e r i s t i c s  a t  t h e  a i r - t i s s u e  i n t e r f a c e ,  r a t h e r  ----- 
than l i q u i d - l i k e  i n  which o n l y  a s i n g l e  e q u i l i b r i u m  tens ion  m igh t  e x i s t .  The 6 ' -.. l i n i n g  may be regarded as a  l ossy  e l a s t i c  ma te r ia l ,  e x h i b i t i n g  s t a t i c  hys te res i s  @ 

--; and v i s c o e l a s t i c i t y .  It may undergo a  phase t r a n s i t i o n  toa  f l u i d - l i k e  s t a t e  
.? - 
2 * $ l  I>' B -- ----- - --- 7 .  1 0 -. , - . - , 3,119 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Q ~ ~ Q ~ L I ~ ~ U ~ ~ ~ ~ ~ ~ ~ O ~ : . ~ I L ' R ~ Z R ~ Z G ~ . : ~ ~ : G ~ ~ ~ ~ ~ L ~ ~  R . 0  k z s  ~ c m 8 c . ; , ~ 1 ~ ~ , \ ~ , ~ , ; ~ ~  ---- 
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H  ILDEBRANDT , J . r< a \  
Models o f  Pressure-Vol ume Hysteres is  M. ' 
B u l l  Physio-path-resp., 8, 337-350, 1972 p--- - 

l? l  a ; 
-@4 

Abstract :  Cont. near TLE. A t  lower volumes t h e  v iscous energy losses cou ld  i. I 
more c l o s e l y  resemble those seen i n  long-cha in  cross-1 i n k e d  polymers and elastomers. .. 

L 

Lung hysteres is ;  v i s c o e l a s t i c i t y ;  p l a s t o e l a s t i c i  ty; 1 ung surface 
2. . 
,z-. 
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0 - 1 Cc~parison of 

by Laplace 
Bulletin of Mathematical Biophysics, Vo1 .31, 651-667,1969 

% 0 

Abstract: The niechanical properties of bome hollow organs are  most conveniently I$- < 
described by a pressure-volume relationbhip. If the material exhibi ts  hysteresis ,  ::;. e 
the p-v  re lat ion must include provision for time-dependent or  path-dependent 

l;Z- i properties.  Provided the amplitude of deformation i s  f a i r l y  small and the I>'-- 1 
hysteresis i s  primarily of the viscoelastic type, a l inear  description i s  pos- , - e : 

s ib l e .  That th i s  may take the form of a simple t ransfer  function in  which El- c. 
material properties are implicit  i s  i l lus t ra ted  for  the case of a rubber balloon.jY:: e ! 
The transfer  function was derived from the pressure t ransients  which follow step 151.. 8 1 
chanqes in volume produced in a f l  uid-fi 1 led plett~ysmograph. The appl icab i l i ty  

. - of the t ransfer  function in predicting responses to  other forcing functions was . 1 tes ted by varying the balloon volume sinusoidally over a frequency range of 1000,L:- 1 

a t  4 different  amplitudes. The good agreement between the 1 inear model and a l l  1 
types of data j u s t i f i e s  the use of Laplace transform mehtods and the assumption El-@! 
that  superposition holds, klhen isolated cat  1 ung i s  tested in the same manner, i the t ransfer  function quant i ta t ively predicts the magnitude r a t i o  of sinusoidal 7; 0 1 
responses b u t  only about two-thirds of the phase angle. The additional energy I$., , 

9 .': ' , . <  I' Y 
. 8 - a - 

- . ! 8 ; . .? . .  r,? ____ -L-I~~;\?T> i ' , ~  q z z ~ j ~ :  FL[;: $ -  :fi ck~~Ecc> 2; :!> 1: i~~~~~s~~23cir~~jiF~7~ir~a~T7~~p~I~--~~~ - ;. ...A- o I 1 I -  -- 
L ! ,  ~ : . i t  . , " . , ,  \ , 
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; Q 0'0 B Q cw o o r i a  e c s s  o e  r e  a r t~ c o l a  e g o  o  r e a.  e o ' :er  

, . , . ,  ' 8 8 1  

L 

1 Abstract (Cont I d )  : 'c 
! 0 

10s: Fcr c : i c ! e  i s  interpreted as ar is ing from s t a t i c  hystfrrs i : .  
I 

? ' ,e  s*alysis 0 i 
i e 

1 6 . 

thus p r 0 v . i ~ ~ ~  a simple ineans of estimating the re la t ive  contri!  .!i:l:i o f  ' 

viscoelastic (dynamic) and s t a t i c  hysteret ic  processes t o  the to ta l  damping ,i  .. < 
, in a material. 

. ,. I 8 A 1 , '  I . i i i  . .I . o n  I , c I q T  J i i u  . . . 
i I . .  , 1 , , , . 1  
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--: HILDEBWNDT, J . ,  Fukaya, H. and Martin, C.J. 
S t r e s s - s t r a in  r e l a t ions  of t.issue sheets undergoing uniform two-dimensional 5 

O : s t r e t ch  I; 8 ,  
0 . - J r .  of Applied Physiology, 27:5, 758-762, 1969. 

-- -- m- @ I 
tup- - 1  

6 * -  - Abstract: Data from simple elongation experiments do not provid s u f f i c i e n t  I;]. @ 

f 0 
@ -- information to  predic t  the s t r e s s e s  occurring with l a rge  two-dimensional distent--  

ion of t i s s u e  shee t s .  Almost uniform biaxial  extension of neraly i so t rop ic  -. 8 

3 .  sheets was therefore  produced experimentally t o  obtain t h e  r e q u i s i t e  s t r e s s -  :- @ 
rz- - 

Q - s t r a i n  r e l a t ionsh ips .  The sheet  was mounted f l a t  i n  a holder with a c i r c u l a r  ;. < o r i f i c e  and then in f l a t ed  by posi t ive  pressure to  form a bubble shape. By '21- Q ' 
observation of both horizontal and ver t ica l  r e l a t i v e  separa t ion of small 

0 - - I  
k, @ I  - markers near the  center of the  sample the radius of  curvature  and the  s t r a i n  in  y , @ 1 t h i s  region *ere deter~nined .Tension was obtained by Laplace's  law and from ,+* - -- 

0 - : tension and s t e s s .  Complete s t r e s s - s t r a i n  curves of condom rubber ,dog pericardi  urn;;- 
8 7 and c a t  mesentery were compared. Equations which f i t  t he  l a t e x  data a r e  not ;- Q 

d i rec t ly  appl icable  t o  the description of t i s s u e  p roper t i e s ,  b u t  can be adapted j < 
- f o r  th i s  purpose by introducing simple mu1 t ip1  i c a t i v e  functions of  hyperbolic 5,- , 0 ---3 character.  One, two, o r  three material constants a r e  required t o  achieve an 

@ - A  approximate descr ip t ion of both uniaxial and biaxial  deformation i n  rubber, p- I I 
Q 51 pericardium, and mesentery, respectively.  The prediction from c l a s s i c a l  t ig. a 
$ -I:] e l a s t i c i t y  theory t h a t  biaxial  s t r e s s  i s  twice uniaxial  s t r e s s  holds only in the CJ ; 

.,.k -- .-.*.-c 
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s t r a c t  (Cont ' d )  : ;: . . .. s I 

@ , 

f i r s t  port ion o f  the  s t r e s s  s t r a i n  curve. A t  g rea te r  extens ions ,  the  r a t i o  @ ' 

erably nore o r  l e s s  than two. Q ;  
0 '  .; . 

'. . 0 
. . 

c i t y  ; two-dimensional s t r e s s - s t r a i n ;  b i ax ia l  deformation; , , . ,  ;. . c- 
nts nuum mechanics 5 .  e !  K-I i 

;iq :T i lTL - i7 i3 :T t? :  1 .  .. . 
: . I  i . , .  : 5 

C*.T--L.---"' v . . ---" 



. .-. . .. ., ,- .-iL.- --"-----I-* +------* . ---.-. - -rUY Y 

4 @ @ @ ~ @ ~ @ 0 @ @ 0 @ ~ @ 6 0 ~ @ @ 0 0 @ 0 0 0 @ @ 0 @ @ @ ~ ~ ~ 0 @ 0 0  
. , 1 . .  \ ,  . ? .  - -...-.- --- -- ----.-.-. . ;, ..--. -,--- ! - , , .  ! .  

0 - ,:; ! . . .  , ,  
. -.- ---- , '  . .,,:Q8.. -- : :, : 2 ,  :. 1 :A , , 3  ! 7 ~ 7 ~ , 5 ' 3 ! ~ ! 3 ; : 2 1 , ~ 1 ' ! , 1 ~  9 1  3 , -  1 ,, 1 5  1 4  1 3  1 ;  [ I  I.@.--* -- -- e -: I:/- ; 

-.? H i l d e b r a n d t ,  J ,  Fukaya H and Mar t in ,  C. J. @* ! 
- Comple t i r~g  t h e  Length-Tension Curve o f  Tissue e 

7 :  

-. Journal  o f  3iomecnanics, '!ol. 2 ,  Fio. 4, pp. 462-467, 1969 $" 

a , :  - -- @.! 1 - ,  $ 

- -_ A b s t r a c t :  General equations d e s c r i b i n g  the r e l a t i o n s h i p  between tens ion  and ;. ! 
;= - : l e n g t n o f t i s s u e n a v e t o d a t e b e e n b a s e d o n d a t a o b t a i n e ~ p r i m a r i l y b y s i m p l e  : ' - a f  

-: e l o n g a t i o n ,  i .e. p o s i t i v e  s t r a i n s .  Tile p o r t i o n  o f  t h e  .curve r e p r e s e n t i n g  negative:. 
,- s t r a i n s  shou ld  be descr ibed by the same equat ions.  I n  p y a c t i c e  t h i s  p o r t i o n  

:- - $-I can be found e i  t n e r  by one-d iwns iona l  compression, o r  m r e  conven ien t l y ,  by -- 
9 - :, -- u n i f o r r .  b . 3 - d i w n s i o n a l  extens ion o f  t i s s u e  sheets. T11e e n t i r e  curve cannot -- :. • 'L be p r e d i c t e d  by e x t r a p c i a t i o n  frm the r e s u l t s  o f  e i t h e r  .? longat ion o r  compression :A 7 
0 -,I a lon?,  2nd r u s t  be cofi;pleted exper imenta l l y .  Data F ~ O ~ I I  f ~ u r  types o f  t i s s u e  - Q 

. r are  pr.sented, and a s u i t a b l e  niatnelaatical form descr,ibin3 the complete leng th -  :- Q . . . . t e n s i o n  curve i j  g i v e r .  The li?i t a t i o n s  o f  data :r?m.one-dimensional and un i -  0 . :  :- 0 
a -; f o m  t t t o - d i m n s i ~ n a i  extension erper ine i i t s  w i t h  resp t i :  t o  the f u l l  d e s c r i p t i o n  

@ --.- o f  tne ~ x h a n i c a l  p r o i ~ e r t i e s  o f  t i s s u e  a r e  a l s o  discussed. 
@ .L & 1 $1.. ; 
0 -I , Z ' -  @ Fa-.- 
0 -i 1:. 
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0 - ,  HILDESRAPIDT, J .  
- I  Pressure-voiume !I, ;a o f  Cat Lung I n t e r p r e t e d  by a P ) a s t o e l a s t i c ,  L i n e a r  

-. 
l:w e ; 

- V i s c o e l a s t i c  Vodel. 9 , -  - -  e 
_!!!: J.App1 .Physio l  . 25 31, 365-372, 1970 -- 

1 a - 1  ' a 
Abst rac t :  Lung v l  uqe o f  i s o l a t e d  c a t  lungs was f o r c e - j  i n  a  plethysmograph :. 0 

.. 
b o t h  s i n u s o i d a l l j  no stepicise a t  a  s e r i e s  o f  a n ~ p ~ ~ t u d b s  and f requenc ies .  From . @ .-' t h e  p r e s r u r e ( s t r e r :  1 r e l a x a t i o n  f o l l o w i n g  t h e  ste;, a  l i n e a r  v i s c o e i a s t i c  model : 3 

- i n  the  form o f  a  t! s n i f e r  f ~ n c t j o n  was der i ved .  ~ , ; d i c t i v e  s i n u s o i d a l  P - i l  l oops  - --., 

- were c o ~ ~ u t e d  from t h i s  ' r a n s f ~ r  f u n c t i o n  and c o m p ~ r e d  w i t h  exper imenta l  data.  i ,- : ,; The frequercy-dependent comoliance o f  l ung  l o c r s  was y t a n t i t a t i v e l y  i n  agree- 
ment w i t h  t h a t  o f  t n e  : i X d ~ l ,  bult o n l v  about two-this.+; o f  t h e  I v n g ' s  h y s t e r e s i s  :. O 

1 cou ld  be  expla ined 2:/ ! i n e a r  v i s c o e i a s t i c  nechan is rs .  I t  i s  p o s t u l a t e d  t h a t  . - -  - 0 -. ' ' ' the  remain ing n y i : i r ~ s i s  a r i s e s  f rom r a t e - i n d ? p e n d ? t t  p l a s t i c  s t r a i n .  A model @ 
@ - f o r  p l a s t i c  s t r a i n  c o n s i s t i n g  o f  s e r i e s  Prand t l  b ~ u i e ,  w i t h  a  d i s t r i b u t i o n  o f  ;, a : . - :  y i e l d  p o i n t s  i s  shown t o  ha v e  severa l  e s s e n t i a l  c k r a c t e r i s t i c s  needed t o  - 
0 ..: descr ibe  t h e  d e ~ e n ~ s n c e  o f  both loop  area and compl !atice on amp1 i tude  of 

7 ,  < - 
:, deformat ion,  i .e., t i d a l  volume. :? I -  
4 s--; 
-.; b- 1 
.;;; l u n g  mechanics; h y s t e r e s i s ;  p l a s t i c i t y  ! 
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- I  H1LDiCR4:i3TJ !., Fukaya, h .  and Martin, C.J. 

9 .  ( $ Sinple Uniaxial and Uniform Biaxial Deformation of Nearly I so t rop ic  
a I 0 - Incompressible Tissues 

$ Biophys. J .  9 ,  781 -791, 1969 
1;;. c- 0 - Abstract: A method i s  developed f o r  analyzing in a un i f ied  manner both uni- 
7 - j  biaxial  s t r a i n  data obtained from near ly  i so t rop ic  t i s sues .  - . - The formolation i s  a d i r e c t  appl icat ion o i  nonlinear e l a s t i c i t y  theory per- 
i 1 ta ining t o  lprge deformations. 
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- HOFFMAN, Br:an F. , Basre t t ,  Arthur L .  and Bartelstone, Herbert J .  
:- 0 j 

0 I some flechanical Propert ies  of Isolated Mirrrl ian Cardiac Muscle 
3 01 

- ~ i ~ c ~ l a t i o n  ~ e s e ~ c h ,  23, 291-3129 1968 :, 0 5 
--7 - - -  a 

0 ,: 
. • --- - A  Abstract: I511ated areparations of mamnalia~. cardiac muscle have been employed -* 

- t o  study pos;i ble nechanlsr j  responsible chinges i n  d i a s t o l i c  compl icance. 1 - \uscles have been i rvdieC a t  r e s t  and du, :a> isometric and a f te r load ing  Con- 
- e \  

. : t r ac t ions ,  a :  f i x e d  i ~ i  t!)1 length and duritl: programed, c y c l i c  changes i n  
- 0 ;  

2 1  length and under the influence of paired stimu'ation, catechoiamines, and 
0 

/ : elevated e x t r a c e l l u l a r  caiciiim ccncentration:. The r e s u i t s  o b t a i n e l  i n d i c a t e  . 3 

- t h a t ,  a1 t h o ~ l ~ h  there .sa s e r i e s  viscous eleir?nt in  cardiac muscle, which accounts . fo r  s t r e s ~ - i e l a ~ a t i o n J  some changes in  comy:'ance aoparsnt ly r e s u l t  from . • 
t ~ t e r a t i ~ g ~ j , ~ ~ f ) ~  $ h t $ ~ $ 8 ) ! k ~ 6 ~ s 0 ~ h & h f n ~ 0 ~ ~ ~ ? \ ~ i \ ~  ftk'$/IBt I I i  b ~ ~ ~ ~ A ! j l i P ~ e n s i o n  . . 

- 1  i s  based --- - curve p r o d u ~ ? d  by act ion of inotropic agentr which a l t e r  d i a s t o l i c  compliance 
---- 

-.:+ and on exper.iments showing t h a t  the r a t e  and e:tent of re laxa t ion  of af ter loaded - 
.* 

., contractionr depend on the extent  04 shortenin2 during cont rac t ion*  . 2 
a : - .- . - ca t ,  dog, cardiac muscles c o n t r a c t i l i t y ,  
0 . :  1 . : 2'. ) 
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10 -. -- H i l 1 , A .  V. 
2 -  0 

' - 
The E f f e c t  o f  Load on the Heat o f  Shor ten ing o f  Muscle 

s; - Proc. R. Soc. London ( B i o l )  Yo1 159, pp. 297-312, 1964 @ ,  
- - 1 2 -  - -- I a - AaSTRAtT: During t o e  process o f  shor ten ing  aga ins t  a  l o a d  a muscle l i b e r a t e s  ! - 

e x t r a  energy as work and heat.  The nothods used i n  measuring t h e  e x t r a  h e a t  
i x  ' : .i due t o  shor ten ing  have been c r i t i c a l l y  examined and are descr ibed i n  s o m  
3' m ,  d e t a i l .  
t 2 -  2- The constant  a o f  the  heat  o f  shor ten ing  depends on P, t h e  l o a d  l i f t e d ,  -;-c - accord ing t o  an average l i n e a r  r e l a t i o n  fo r  f r o g  s a r t o r i i  a t  O ° C .  I - 

-- E. o/Po = 0.16(?0.015) + 0.l8(tO.OZ7)P/PQ j @ - I  + :- 
i; 

- 
Po i s  the  maximum fo rce  developed a t  constant  length.  r -- Ifl- -: Tne constant  o  o f  the heat  o f  shor ten ing  can no l o n g e r  be regarded as t h e  
same q u a n t i t y  as the constant  a  o f  the c h a r a c t e r i s t i c  equa t ion  ( P t a ) v  = b(P -P) L: 

@ i r e l a t i n g  v e l o c i t y  ( v )  o f  snor ten ing  t o  load;  b u t  e/P and a/P , b e i n g  alwayD '- -, o f  t h e  same order  o f  s i ze .  are almost c e r t a i n l y  conngcted i n  !?om way. The z - - i o r i g i n a l  ( H i l l  1936) conclus ion t h a t  a and a were the same was p robab ly  due t o  
? -  -- - . .. a p e r s i s t e n t  e r m r  i n  tne measurement of a ,  making i t  about 30% t o o  g r e a t  - .  

I n  the  o r i g i n a l  ( H i l l  1938) hypothesis  the r a t e  o f  e x t r a  enerqy l i b e r a t i o n  %. < 2 ( ~ + a ) v  d u r i n g  shor ten ing  war taken t o  be p r o p o r t i o n a l  t o  ( P  -P),i.e., t o  t h e  
gap between the  maximum fo rce  a muscle c o u l d  e x e r t  and t h e  i c t u s 1  l o a d  i t  had - 1 . .  I 1 --= L - - -  " :' 

. I j e  *- . ' .  ' 

~ . . ~ . ~ ~ ~ . . @ ~ . @ @ ~ @ . @ @ l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
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of Load on t h e  Heat o f  Shor ten ing o f  Muscle 
c. London ( B i o l )  Vol. 159, P P  297-3121 1954 

o t inued) :  t o  l ift. I n  i t s  s imple f o r m  t h i s  i d e a  must be abandoned; = -  i c a t i o n  is suggested which s t i l l  p m v i d e s  t h e  c h a r a c t e r i s t i c  ? . a \  
@ -7 equat ion  and suppl ies a coonexion between a and a. 

$ 

sumptions made i n  c a l c u l a t i n g  the  h e a t  o f  s h o r t e n i n g  a r e  examined; f- 

t s imply  as a cnange, produced by shor ten ing ,  i n  t h e  maintenance $-< 
flake l i t t l e  d i f f e r e n c e  F u r t h e r  advances i n  t h e  c h e m i s t w  o f  con- 

- 
y 2 1 1 0 ~  tne  f a c t s  t o  be e x p e s s e d  i n  "R concre te  t e r n  

1:1* , 
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- Hi l l ,  A .  V .  - @ I  

-- {he \fIiciency of llechanical Power Development ~ u r i n g  Muscular ~ h o r t e n j n g  and .- 
t s  e a t l o n t o L o a d  ; O - 

- 1  Proc. R. Soc. Lond. (Biol)  Vol. 159, pp. 319-324, 1964 E! * 1 
- b- 1 . -: -. r e  - ABSTRACT: Uhen shortening occurs during a maintained isotonic  contract ion,  as 
.t Rubert (1956) found during shortening a t  constant speed, the "eff ic iency" 
-L remains very constant throughout, even over a considerable range of length. The -1- 

e 
31 efficiency varies l a r t e ly  with the load P ,  being zero a t  P = 0 and P = PO - 0 

l 1 ( isometr ic) .  Hear i t s  maximum around PIPo = 0.5 the eff ic iency ( i n  from sar -  - < 
- t o r i i  a t  0' C )  i s  consistently about 0.45. :- 

The form of tne re1 ation between efficiency and load i s  duscussed, particu- - l a r l y  in view of recent findings on the heat of shortening of muscle. 
- 1 The mechanical power developed during shortening i s  g rea tes t  when PIPo = : 6b 

-.-- - 
I:, 0 . 

- V/V = about 0.3; b u t  the efficiency here i s  only 3 t o  5% less  than i t s  
- max?mum. r i -  e , 
+ .-- 1 ,i e -;, 
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-; Hil l ,  0, d .  and Condon, P. I .  5. QF 
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: 

, Measurement of the Tensile Strength of Corneal Tissues I >  -.- 8 
- 1  Exp. Eye Research, Vol. 11, pp. 143-144, 1971 
3 

;\ @ 
T; 1  a  - : 'I- ' 

- ' ABSTRACT: The technical features of a t ens iomter  t o  measure the s t rength of 'T- a  :: :- 
* - small excised corneal s t r i p s  were reported, and a film shown i l l u s t r a t i n g  i t s  use l and the techniques of experimental surgery were enployed in the study of the rabbit 

l -? cornea. A preliminary investigation of the healing of corneal wounds sutured with,: 
')) - - 2  6-0 plain and chromic collagen, 8-0 twisted virgin s i l k ,  and 8-0 monofilament - -  0 

-: nylon was reported. Virgin s i l k  and nylon gave the most sa t i s f ac to ry  wound stwngtl ls  C 
" througnout the healing period, b u t  virgin s i l k  excited more t i s s u e  reaction and 5 f was acconplished by ep i the l ia l  darngrowth. r.. 

l -; I?. l , 
I a  : 2 -  - - 4-- 1 . -, - b. i 

I:& l -; 
-L; /$ - a ;  

a = - -  !: - a  I - 
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HIRSCH, Ar thur  E. and Ommaya, Ayub K. :. g - P ro tec t i on  from Bra in  I n j u r y :  The Re la t i ve  Signf  f i c a n e  o f  T rans la t i ona l  z a1 d  R t a t i o  a1 y o t i  n  - 
fY(th Etapp ear .rasfi ?08J,Y87bea#paf44~1J~~a6ber SAE 700899 2 -  l 1 

*- -. - l I 
ABSTRACT: The r o t a t i o n a l  and t r a n s l a t i o n a l  r i g i d  body motions o f  t he  head a f t e r  
impact were evaluated by high-speed cinematography i n  Rhesus mnkeys w i t h  and : 
wi thou t  a  ce rv i ca l  c o l l a r .  When a  c o l l a r  was worn, animals d isp layed increased 
to le rance t o  o c c i p i t a l  impact f o r  the  onset  of cerebra l  concussion. A1 though Q 
head r o t a t i o n s  were reduced i n  t h i s  nonconcussed p ro tec ted  group, t r a n s l a t i o n a l  

A -c motion o f  the head exceeded t h a t  a t t a ined  by  concussed monkeys n o t  wearing c o l -  . -  
l a r s  bu t  s t ruck  a t  equivalent  impulse l e v e l s .  These data emphasize the  i n -  
adequacy of cu r ren t  head impact to le rance c r i t e r i a  which r e l a t e  t he  occurrence .': @ 

o f  b r a i n  i n j u r y  t o  t r a n s l a t i o n a l  head motions. • I 
; 

, z 

8 .  - - 
-: H i l l  , R . B . ,  Marantz, El izabeth, Bea t t i e ,  B.A. and Lockhart,J.M. g @ I  - 
4 - r Mechanical Propert ies o f  the Radula P ro t rac to r  o f  Busycon Canal l cu l  atum 

:- g 
/ C 

I 

Exper ien t i a  24:91-2, 15 Jan 1968 it. - 
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1 - !i - 0 .- 
Hi rsch,  Car l  and White, Augustus A. :- 

4 -I c h a r a c t e r i s t i c s  i n  t he  Thoracic Spine Motion. Studies on Autopsy Specimens 21. 6 .? - ,  C l i n i c a l  Orthopaedics & Related Research 75:156-63, Mar-Apr.1971. 
-- 5t- @ I 

-i 
Abstrac t :  (fm Sumnary) To descr ibe motion c h a r a c t e r i s t i c s  o f  t h o r a c i c  spine,  i - .  

-<: - 27 autopsy specimens were s tud ied by 2 experimental technics.  I n  t h e  f i r s t ,  -- 71. 0 -: the mot ion between segments of 2 vertebrae was observed under c o n t r o l  l e d  r @ 
k 3:; cond i t i ons .  I n  the second, the motion between l a r g e r  segments o f  t h e  spine,  2 -  8 
- - - i n c l u d i n g  three-dimensional movements, were analyzed. ,: - < - ,s 2 @ 
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a1 Designs i n  I nves t i ga t i ons  o f  Mechanical P rope r t i es  i n  B i o l o g i c a l  6 
E- < 

p U n f a l l - C h i r  71 :142-147, 1971 
+- 
I;!- 
F'- @ 

Abstract :  A combination o f  ma te r i a l s  t e s t i n g  machine w i t h  e l e c t r o n i c  s t e e r i n g  and - 0 record ing  sys tem t h a t  s a t i s f i e s  requ i  rernents from a rheo l  og i  c a l  and b i  01 og i  c a l  - 

iew i s  presented. The aim o f  improving equipment i n  t h i s  f i e l d  i s  t o  -2 
s t i n g  cond i t ions ,  both w i t h  regard t o  t e s t i n g  m i l i e u  and t h e  behav ior  + 
pendent ma te r i a l s ,  and a l so  t o  f a c i l i t a t e  mathematical and s t a t i s t i c a l  $ . c 

i n t e r p r e t a t i o n .  
T : J  8 

The system t o  be descr ibed s a t i s f i e s  t he  fo1  l ow ing  requirements:  
- 

1. Permits t e s t i n g  i n  a m i l i e u  w i t h  s u i t a b l e  temperature and humid i t y .  
1,- @ -- 

2. Giqes we l l - de f i ned  constant  speed o f  de format ion  w i t h  a wide range f o r  1 '7. - • 
se lec t i on .  - 

3. Performs the  e l e c t r o n i c  record ing o f  corresponding l o a d  and deformation 
- 

- values w i thou t  t ime delay and w i t h  s u f f i c i e n t  frequency response. - :- 
5 0 - 
3 - .  
7 

- - -  - - - -  - - - -  7- - - 
I I 1 - .  - 0 
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- - 
Hirsch, Carl T a 

- The Reaction o f  Intervertebral Discs t o  Compession Forces -: -4- 

The J r .  of Bone and Joint  Surgery, Vo1.37-A,No.6 pp.1188-1196, Dec.1955 ., 
-z 2. a ; -- 
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- -  

Histand, Michael B. and Anliker, Max 3 - -  
, Influence of Flow and Pressure on Wave Propagation in  the Canine Aorta - 

@ Circulation Research, Vol. 32, pp. 524-529 - '3 .. • 
!-  - -- 

a - AbSTRACT: Data on wave speed acquired from 20 anesthetized dogs showed t h a t  the A 

tnoracic aorta was essen t ia l ly  n~ndispers ive  f o r  small a r t i f i c i a l l y  generated - - t 
and having 'i 

- 

the distance traveled. The attenuation was independent of - 0 
-j -< 

i f  the distance was masured in wave1engt:ls. The log- 
tile downstream waves ranged between 0 .7  and 1.0, whereas : @ 
waves was between 1.3 and 1.5. The discrepancy in the - a 

directions appeared t o  be due to  the taper  of the - 
1 .  

Simultaneous ireasurements of the transmission t i m s  of waves ;-- 
i @ -21 travel i ng downstream and upstream indicated t h a t  small pressure perturbations 5. 

@ - were convected w i t h  a speed tiiat was approximately equal t o  the mean flow velocity. 
-? The speed of such perturnations depended strongly on tne a o r t i c  pressure level  c: 
--- a t  w h i c h  t h e y  were generated. For normal pressure pulses generated by the hea r t ,  

- - - +  the spefd o f  small perturoations a t  sys to le  might be 30:i higher than t h a t  a t  a 
@ ;: diastole .  T~leoretical r tudies have snown tha t  suc i~  changes in wave speed due -- 

-;. t o  variations in pressure and flow produce marked nonlinear e f fec t s  in hemodynamics. 
@ -: - C 
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1 0 - 1  - , $7. 
- Hoeve, C.A.J. and Flory, P . J .  3 0 - 1 - 1 The Elast ic  Properties of Elastin 

t- 
I '- J .  Am. Chem. Soc. 80: 6523-526, 1958. - .  
f :- 

w - 
-L Abstract:Force-temperature measurements have been carr ied o u t  on e l a s t i n  (ox liga&nto 
2 ligamentum nuchae) held a t  fixed elongation and immersed in  glyco-water ( 3 : 7 )  - : mixture. T h e e q u i l i a r i u m d e g r e e o f s w e l l i n g o f e l a s t i n i n t h i s m i x t u r e i s  in- i . 0  

- -  -7 dependent of teaperature, and the retract ive force i s  d i rec t ly  proportional t o  
i -  a 1 the absolute temperature. I t  follows tha t  ( a E / a L )  = 0 fo r  e l a s t i n  and hence - -  

a T tha t  the internal energy of the e l a s t i n  chain i s  i Alependent of i t s  conformation. - - ' 
t Contrary t o  previous s tcdies  on e l a s t i n ,  in which the influence of changes of - B 

1 -: swelling with temperature were overlooked, the t h e m e l a s t i c  behavior offers  no 
indication whatever f o r  crystal l izat ion on s t retching a t  any elongation. The . -  

a - I shape of the s t r e s s - s t r a in  curve i s  explained in terms of the morphology of native-: 0 1 - -:- 
• r e l a s t i n ;  the abruot r i s e  in s t ress  a t  high elongations i s  a t t r ibu ted  t o  - 

- A  
- straightening out of the i n i t i a l l y  curled f ibers  of collagen which a r e  associated 2 

with the native e l a s t i n .  .- . 
0: = - 3- . -; p * 

f 
I:- - 
I$, ' 
2 ' .  C - - - , 1 3 . r , ------- - . r -  - -- - 1 - b i . ~ :  i3,5ln J a , '  c a,? 0,r7ulliu,---i:rrs . a s  sozs . a~a:b'6ze'otal ire':rsl~r~ -r$':rg= 

r -  e 
~ @ . . . ~ . * * * b @ . . ~ ' . . . ~ l ~ ~ r ! . ' . . . ~ . . . . ' . ' . ' . . . @ . @ ~  

*- - 
~ e e o e e e e e a e 0 9 9 ~ . e a e ~ . . . . . e @ e . @ . @ . . ~ J . @ @ . ~  

- - - -  - - - -- ----- - I - ,  . 
1 1 ,  , > : -  - ," 4 , 7 1 > ~ I I . ' I ~ I . ! I I ~ I ~ ~ ~  ~ I J I U \ ~ . ~ I ~ ~ Z ~ ~  7 @ O  -. 

-- 

1 ;I. . - 3 
- HOLMAN, Mollie E . ,  Kasby, C . B . ,  Suthers, M.B. and Wilson, Jane A.F.  I 
- L=. 

I - Some Properties of the Smooth Muscle of Rabbit Portal Vein #z ! 
- J.Physio1 .l96:lll-132,1968 1 a - 1  @- - ,  • 1 -- 

a - Abstract: (Sumnary ) I .The morphology of the smooth muscle of the  rabbi t  portal vein? a 
- - and i t s  innervation were studied with flucrescence and electron microscopy. Two i- 

- layers of smooth muscle were observed in  the tunica media: an inner 1 ayer of : 9 '  > -5 c i rcu la r ly  a r r a~ged  muscle ce l l s  and an outer layer consisting of bundles of 'Z ' -  < 
smooth musc:e cei 1s arranged in a near longitudinal direct ion.  The membranes of -=-.- - neignbouring srnootn muscle ce l l s  were occasionally fused t o  form ' t i g h t  junctions '5 ' I- 2.Bundles of non-rnyelinated nerve f ib res  were observed in  the advent i t l a ,  and :- 
betweerl bundles and layers of smooth muscle ce l l s  in  the media. Studies on I, 
longitudinal sections with fluorescence microscopy revealed a network of varicose - - - 

- noradrenergic axons. . -i : < 
@ f 3 ,Electr ical  and mechanical ac t iv i ty  was recorded from longitudinal s t r i p s  of -r 
- smooth muscle from the media of the vein with a sucrose-gap apparatus. - 

= ' - 4.The preparation was spontaneously act ive under minimal rest ing tension ( l e s s  r 
I * '  than 150 mg) and a t  temperatures above 28OC. Slow depolarizations led t o  a - .  

0 - - burst o f  s ~ i  kes ( m u :  t i - so i  ke complexes), which correspond to  rhythmic contractions. - 
In 102 of preparations, the interval between multi-spike complexes showed a :- 

- slower depolarization, suggesting the record was from a pace-maker region. 
- 

- 

- - - -- - . - . - - - - . - - - - - I-. 
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@ Holman,Mollie,E., Kasby,C.B., Suthers,M.B. .and Wilson,Jane A.F. 

- 0 I - Some P r o p e r t i e s  of t h e  Smooth Muscle o f  Rabb i t  P o r t a l  Vein i -: 
- 3 .  Physiol .196:111-132, 1968 0 

@ - :  

AND Chason, M.D. 
Advances i n Understanding o f  Exper imenta l  Concussion Mechan ism 
1 3 t h  Stapp Car Crash Conf. 1969, SAE Paper 690796. 

A b s t r a c t :  Th is  paper i s  an in -dep th  s t u d y  o f  t h e  mechanism of concussion.  P r i o r  
t o  1967, concussion experiments were conducted e x c l u s i v e l y  on  dogs, b u t  a f t e r  
r e s u l t s  o f  t r i a l s  on dogs, ca ts ,  and s t u m p t a i l  m n k e y s ,  t h e  a u t h o r s  c o n c e n t r a t e d  

4 

on t h e  l a t t e r .  
Vary ing numbers o f  blows, f r o m  d i f f e r e n t  ang l  es were d e l i v e r e d  t o  1 2  

monkeys. Resu l t s ,  b o t h  o r g a n i c  and b e h a v i o r a l ,  a r e  d iscussed.  

-- - :- -- A A b s t r a c t  con t .  8 
- : 5.The f requency  of spontaneous a c t i v i t y  (3-27 beats/min)  was v e r y  s e n s i t i v e  t o  0 -2 changes i n  temperature and tens ion .  : e i  

6.Noradrenal ine i n  ?ow doses caused an inc rease  i n  f requency o f  t h e  mu1 t i - s p i k e  i - complexes. H igher  doses caused ma in ta ined  d e p o l a r i z a t i o n .  
- 7,Responses t o  repe t?  t i v e  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  v e i n  were qua? i t a t i v e l y  8 
, s i m i l a r  t o  those i n  response t o  exogenous n o r a d r e n a l i n e .  The r e l a t i o n  between Q 

t h e  mechanical response and t h e  v a r i o u s  parameters of s t i m u l a t i o n  was c o n s i s t e n t  6 

@--I w i t h  t h e  s t i m u l a t i o n  o f  sympathet ic  nerve  f i b r e s  i n  t h e  w a l l  o f  t h e  v e i n .  0 
8.The a c t i o n s  o f  i soprena l  ine,  phento lamine and p r o p r a n o l o l  i n d i c a t e d  t h e  presence - -' o f  o ' e x c i t a t o r y '  and B ' i n h i b i t o r y '  a f r e n o t r o p i c  r e c e p t o r s  on t h e  smooth muscle.  : -- - -& - 0 ,  

:I 
-4 - e l  -- 
a -B :. @ ; -- 
I 
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I -- H O O C ,  William B . ,  J r . ,  Murray, Raymond H . ,  Urschel, Charles W., Bowers, John A . ,  - A  , 
Clark, James G .  

f Cardiopulmonary Effects of Whole Body Vibration i n  Man , 

I J .  Appl. Physio ' .  21(6) ,  1725-1731, 1966 
-_i 

-= 
Abstract: Supi ?e who1 e-body x-axis sinusoidal vibration in four human v01unteers"- - ~ 3 s  found to  n-oduce increases I n  mean a r t e r i a l  blood pressure, heart  r a t e ,  

-: ;. 1 
cardiac outpur, oxygen consumption, and minute volume of vent i la t ion .  These 

-> 

3 1 physiologic ef fec ts  nere more marked a t  1.2 4 peak acceleration than a t  0.6 g 2 
I 0 and a: e rrii :: c!cles/sec t h a l  a t  freguencies to ? i the r  s ide  of t h i s  range. The * ' 

changc: j b s e r ~ ; j  ~wera  shown to be similar  to those produced e i t h e r  by passive -. mcvement i' th? relaxed extremities or  by mild mus:ular exert ion.  I t  i s  postu- 
l6ted tha t  whoi2-body vibration e l i c i t s  these cnanyes by ref lex  st imulation of :- , 

"- me~cular  contra;i,on, and tha t  such a mechanism m i y  play a ro le  in producing ;--, 
@ t h e  ~hys io iog ic  e;fects of ac t ive  muscular exercise. rl p a ; 
@ :  . - 

-2 
v ib~a t ' on  p L j ~ ~ ~ ~ o g y ;  acceleration physiology, iioinechanics; vibration and : a3 1 

exercise, :"ss'v? llmb movement L- (, +-- - I  

e - ?  1:. 4) ! 
L - ?'. 4; : 
1 C ! .  ' ? .  $ 9  

-i 9 - .,... : - 8 :- - - - - --- -- - --- - - 
-,'- - -  ---: A G,  I E ~ ,  .L,S!~~~F T - - ~ l s z a  - a '  -r 

e '  -5  l c ~ ~ i c ~ e ~ f :  jyF- 
[ €4 -- I 

0 

~ ~ ~ ~ ~ @ @ @ 0 ~ ~ 0 0 0 4 0 0 8 0 8 @ 0 8 @ 8 4 9 c ) O @ O @ @ @ @ @ ~ @ ~ ~ @ ~  
-- -.--. - . -.-- _- _ " _ _  .-- .- - 

T--- -. - - -  C - - -  - 
.---I ---_.kl . )I"I;.c' A - *  rl.UYI 

~ ~ ~ ~ @ ~ ~ @ ~ ~ ~ 8 ~ 8 9 0 @ @ w r ) e , ~ e @ ~ ) ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  --- -- A "  . I  r - .  7 - 
- - -- - _ ____ - 22 e l !  201 ,9  118-  1 7 ,  I *  : 1% n. I:, 1 1 ,  

' 

, , ! , , , , , , , - @ f J  .7-- 

Tiit t? : 
- ' i ' i i c l  ? Jr .  9 Thornon, Valter J . ,  Rackley, Charles E., and ~ ~ l ~ t t ,  E , ~ ~ ~  i;- , - C o w a r i s ~ n  C'lculatlons of  eft ventricular ~ a l ,  s t r e s s  i n  Man fro,,, Thin- - - 

@ -; dalled an4 :hi:,, Wal-led Ell io to idal  Models - ( 3 ;  

*- - Circu la t~n , ,  Ccss~~arch, Y O I .  X X I V ,  pp, 575-582, 196J 
-- 1 
1:- 0 I 

0 - ;-.- I 
XI. r1 

.El - . -: A3STRACT: l 's ing angiocardiograohic data from 50 hman subjects ,  a comparison was !' 
.-: nade o f  ca!;ila:ions of c i rcu~i?erent ia l  wall s t r e s s  in the l e f t  vent r ic le  based ; 0 : - on t h e  +!:'11-,sl i l d  i l 1 i ~ i o i c ; l  nods1 of Sandler ancl Dodpe and the thick-walled . 0 . - -  ellipsoifla: m c i l  of .long and fiautanarju. The Sandier and Dodge formula con- . -. 

0 .  / j s i s t en t ly  ovc-"tireted wan s t r e s s  as determined from the iiong and Rautaharju -, , 
6 - " r ? i l .  The rli:-ee o f  overes t inction in terms of ptrcent e r r o r  usually varied ... 0 
Q - between 5,; arl. ii a~d oilercil averaged about 10: i t  end-systole as well as 0 - 

. a: end-diasL'ii?. Analysis of me various factors influencing the discrepency : .  . .-- - betiiren ;a1 u l l t i o n i  indicateu that  the expected increase in e r r o r  associated with ;.. Q 
an increas. in ,iall thickness during sys to le  tended to be mitigated by a con- ,-' :. 9 i ,; comitant co.oge in charrber geometry, spec i f i ca l ly ,  an increase in the r a t i o  of -. 

,- 3 e - 5 ,  major to minor semiaxis. T n i s  study, then, of fers  an est imate of the e r r o r  i n t m -  :; 
-; duced by ernplei ing the iandler  and Dodge o r  s imi lar  thin-walled e l l ip so ida l  

--.-- . 

- :, mdels for ccm~;ltation of nean circumferential s t r e s s .  

1:- ( . ' .--..-r---.---.-. . /  . , I , . .  
----,--- '--- , ,  , ., . ; .  , ( .  ,... . , ,,, , , ,, ,,a!, > I ,  ., , .,;( L5!:5:li; ~ ~ + ; ~ ~ ~ ~ ~ ~ ~ : f i !  rv15!.!~r2!! :!LGZ~~K-=, - 1 . . . .  . -. _ . _ _ C . - _ _  . a ;  
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8 2  

b. 1 
o f  E l a s t i c  Tubes j f i -  e i &?La-< 
a n i c s ,  VOI. 3, NO. 6, pp. 593-600, ig70 1::. A I I 

5:- a , 
paper  a  s tudy  i s  made o f  t h e  l a r g e  d e f o r m a t i o n  of e l a s t i c  Y, , --. @ \ 

S con f ined  t o  t h e  case o f  s t a t i c a l  deformat ion.  The energy Xi , 
: '- cons idered  t o  be a  fun 'c t ion o f  t h e  t h r e e  s t r a i n  i n v a r i a n t s  o n l y .  . 

i n e  i t s  form f o r  a c t u a l  m a t e r i a l s ,  i t  i s  expanded i n  i t s  T a y l o r ' s  :.. 
-1- s e r i e s .  Fror: t h e  t i l e o r e t i c a l  a n a l y s i s  o f  t h e  i n f l a t i o n  and e x t e n s i o n  o f  tubes,  .: . C" 

l i n e a r  a i c e b r i l i c  equat ions  i n  t t le e l a s t i c  c o n s t a ' l t s  are developed. U s i n g  these  i B, 
a s u r e w n t s  o f  d iarnet ra l  change and l o n g i  t u d i n a l  s t r e t c h ,  o b t a i n e d '  - 
e l a s t i c  constants  f o r  t h e  n o n - l i n e a r  . theory o f  e l a s t i c i t y  a re  . -- . 

a i d  o f  a  conrputer program. The h i g h l y  n o n - l i n e a r  .. 8 
n ' o f  tubes computed on t h e  b a s i s  o f  t h e  t h e o r y ' a r e  compared - -  a a 

f o r  a  l a t e x  rubber  t u b i n g  and f o r  some b i o - p h y s i c a l  ' . e . . 

- --.-,-. T., -..-..7.- -- - . - ., , , c  :,<, <,:; : , L  ;, . ,c , , , : ;  p , f l , ,  ,, - < ,::.,,:,.I ,-:> : G ' ~ ? ~ ' : : s ' ~ ; E [ I C ~ , : : ~ ?  .,.:' E , ,  . .  . . 
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" IE 5. pnd H i t d e b r a n f t  

u!!ume ~..ory, r a ~ i c  q l i  i b r i u m ,  and Dynamic Compl ieance  o f  Exc ised  Cat  Lung . 8 
a - J. Appl.  v n y s i o l .  33(1) ,  105-112, 1972 .- 2 .  . . 

:- @ i 
- - 

A b s t r i c t  . S t r e s s  a d a ~ t a t i o n  and dynamic compl (Cdyn) were compared i n  0 
exc ised  c a t  l u n g  a t  t h r e e  s e l e c t e d  volume l e v e l s  f o l l o w i n g  t h r e e  volume h i s t o r i e s *  
A t  t h e  r?cte voluf le l e v e i  b u t  w i t h  d i f f e r e n t  h i s t o r i e s ,  t ranspu lmonary  p ressures  i 
(P tp )  r e ~ c i n e d  d i s c r e t e  d u r i n g  a i r  f i l l  i n g ,  b u t  were v e r y  s i m i l a r  w i t h  s a l i n e .  

. 8  Durinr l  ; 20-r;:in p e r i o d  o f . s t r e s s  a d a p t a t i o n  P tp  changed abou t  0.5 cm H20 w i t h  , 

a i r  and i ~ ) o u t  0.1 cm HiO w i t h  s a l i n e .  S ince  a t  t h e  same gas volume t h e  t h r e e  -. 0 
Ptp  l e v e l s  l i d  n o t  converge t o  a  common p ressure ,  i t  was u n l i k e l y  t h a t  s u r f a c e  :-. e , 

t ens ions  (. , :converged tcr .~ard t h e  saiie e q u i l i b r i u i n  Y .  Dynamic s t u d i e s  w i t h  a i r  G 
a l s o  dernot~s . r a t e d  d i s c r e t e  ti t d a l  l oops  f o r  d i f f e r e n t  h i s t o r i e s  w i t h  t h e  same - 

end-expi r a t o r y  volume l e v e l  (Ve) . Compl ieance  a l s o  v a r i e d  f o r  each h i s  t o r y ,  and : - 0 

on11 7 3 r t 1 a l l y  converged w i t h  t i n e .  Comparable PV l o o p s  i n  s a l i n e - f i l l e d  l u n g  -: 
. Q 

were a l ~ . ; s t  ~ n d i s t i n g u i s h a b l e  f rom each o t h e r ;  changes i n  compl iance were o n l y  ; 

about  1 /12 as l a r g e .  S t a b l e  e n d - e x p i r a t o r y  y o b t a i n e d  f r o m  a  ~y vs. i n i t i a l  y : .  a 
diagram a t  :,y = 0 was a lmos t  independent  o f  s i z e  o f  t i d a l  volume ( V t ) ,  b u t  

3 I 

z -  a I .- . 
s t a b l e  e n d - ' r s p i r a t o r y  inc reased  a p p r o x i m a t e l y  l i n e a r l y  w i t h  Vt. -- 

s t r e s s  z d a p t 3 t i o n  ,; i n  s f  t u  sur face  t e n s i o n ;  ai;-- and 1  i q u i d - f i l  l e d  l u n g  - 
. t -  i 
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, T Q u a n t i t a t i v e  Eiorphology and S t r u c t u r a l  Dynamics o f  the  Myocardium - 
I - Methods Achievm exp. Path. Vo1.5, pp 3-21, 1971 
-- :- -- 

5 
-1. ABSTRACT: (SUMMARY) I n  t h i s  paper, some methods of q u a n t i t a t i v e  morphology o f  r t t h e  hear t  are described. The most s i g n i f i c a n t  f ind ings  concern the  q u a n t i t a t i v e  - ' 

0 - morphology of normal and ~ a t h 0 1 0 g i ~ a l  growth o f  t he  heart ,  t he  s t r u c t u r a l  : < - 3 -5 dynamics of the myocardium dur ing  sys to le  and d ias to le ,  and the  s t r u c t u r a l  a1 t- 1 e 
7 era t i ons  i n  the myocardium i n  acute d i l a t i o n  and chron ic  card iac  i nsu f f i c i ency .  

- , -: - The in f luence of the per icardium on the  hear t  i s  a l so  discussed. - 
f - < 
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A mathematical model o f  t he  s t r e t c h  r e f l e x  i n  human muscle systems. :- *+, M.S. t hes i s ,  Marrachusetts I n s t i t u t e  o f  Technology, Cambridge, 1966 
-- 

C i ted  by M i  1 horn, H .T. (1966) The App l i ca t i on  o f  Cont ro l  Theory t o  
I -- 

- Phys io log ica l  Sys terns. Saunders, Ph i l ade lph ia  
3. . 
ff 

-7 I: e : 
5 -3 :. 
-& z---c 
e -: G 

'7 :, :- 
f 

-: - 
c- :- I, 

@ - :  -- 5 -  I, 8 

-.; - :- .A C : --; - 
ex : -- 
0 - 1  : - 
: : - 

0 :  
- 

- 
- 0  --- - - --- 7 - -  - - - - - - - -- C' 

1 ,  ! a- • 



. Hugenhol t z ,  Paul G .  , El 1 i son, R .  Curtis , Urschel , Char1 es W . ,  Mi rsky , Israel 
and Sonnenbl ick,  Edmund H .  

? c - Myocardial Force-Veloclt~ Relationships in C l  infcal Heart d t f c a r e  1: @ ,  . 7 Circulation, 41 :191-202, 1970 Tr; @ 
l $ L -  I • -& 2 e 

Abstract: Myocardial force-velocity relationships were studied i n  33 children and : e 
: young people w i t h  varying heart lesions. From analysis of l e f t  ventr icular  pres- : e -' sures and consideration of l e f t  ventricular geometry, measured from biplane ?-. 

- 
- 0 -: angiocardiograms, maximal contract i le  element velocity ( V  ) was determined by - 

- extrapolation o f  a stress-velocity plot  to  zero s t ress .  ~ A 8 ~ v a l u e  of V in each - C- 
- - patient was compared with the assessment of cardiac function by usual If$hodynamic : -: c r i t e r i a  ( l e f t  ventricular end-diastolic pressure (LVEDP],  volume [ L V E D V ] ,  and : e 
. - ejection fract ion [EF]). 

- - 
:- 

' 

P 

• -2 In general, patients w i t h  n o m l  LVEDP,  L V E D V ,  and EF had values fo r  V, , above %--* 
3 circunferenceslsec. Patients with elevated LVEDP o r  LVEDV or  w i t h  EF be?ow 0.5 1 

J: had lower values for  Vm . Three patients whose usual catheterization data - 
- (b suggested normal ventriefllar function were found t o  have low V . In a l l  three, ,_ . . :1 other evidence for  myocardial abnormality was found. Several p!#!fents with ex- :- -- e . - I  cessive afterloads had impaired function by conventional c r i t e r i a ,  ye t  had normal 9 
5 ' 8  3 Vmax* Evaluation of myocardial mechanics in many w i t h  measurement of Vmaxappears 5 . -Q * e 
t- . . 55  $ 3 ,  8 -- 121. 
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- Hugo, N. E., Epstein, L . ,  Cone, A .  and Bennett, J .E .  - .  

- The E f f e c t  of Primary Wounding on the  Tens i l e  St rength  o f  Secondary Wounds ; . a  : 
3 

Surg. Gynec O b s t e t .  131: 516-8, Sept.1970 ,:,- 
L.. 
5. 

-? ABSTRACT: ( S u m a r ~ )  Secondary wounds were created i n  t he  middorsal area of  wh i te  i -  -: male New Zealand r a b b i t s  f i ve ,  n ine,  and 12 days a f t e r  pr imary wounds were made -= 

- i n  t he  midventra l  area. The t e n s i l e  s t reng th  of  these wounds was measured a t  
- f i v e ,  n ine9 and 12 days and compared t o  con t ro l  wounds. Those secondary :- a - 
@ -: wounds created nine and 12 days a f t e r  pr imary wounding and tes ted  a t  12 days - C -- a -: e x h i b i t e d  a s t a t i s t i c a l l y  s i g n i f i c a n t  increase i n  t h e i r  t e n s i l e  s t reng th ,  These I .  
-: data suggest a secondary wound phenomenon which i s  e f f e c t i v e  when the  secondary - 
- 

~ 0 u n d s  are Created dur ing  the co l lagen phase of t he  pr imary wound and a r e  --- I then t e s t e d  dur ing  the peak of  the co l lagen phase. Previous repo r t s  i n  which no I * -' 
secondary wound phenomenon was e l i c i t e d  may be exp la ined by too e a r l y  c r e a t i o n  o f$  
o r  t e s t i n g  of, the  secondary wound. 
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I I HUXLEY, A.F. and S i m n ,  R.M. A 

Mechanical Propert ies of the Cross-bridges o f  f r o g  s t r i a t e d  muscle 
@ - :  J. Physiol (Lond) 218: 59-60, Oct.71. -- 

- -  
J Abstract :  This a r t i c l e  i s  a study of the mechanical p roper t ies  o f  the  cross- . -3 br idges o f  f rog s t r i a t e d  muscle. 
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The Mechanism of Muscular Cont rac t ion  - 1 3  , .: 

-- Science, 164:1356-1366, 1969 
1:- 1 

-: r:: , 
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6 WSTRACT: A t ransducer  sys tern enp loy ing  a  pressure-sensi  t i v e  t r a n s i s t o r  i s  - • 
@ -- descr ibed f o r  a p p l i c a t i o n  t o  i s o m e t r i c  c o n t r a c t i o n s  o f  v e n t r i c u l a r  muscle s t r i p s .  -- T -  

- A v a r i a b l e  a n ~ l i f i c a t i o n  i n t e r f a c e  i s  shown. S e n s i t i v i t y  o f  t h e  system was 6 - -  ; 
t- adequate n o t  on ly  f o r  h i g n  (ca. l g )  tens ion  p roduc t ion  b u t  a l s o  f o r  low (ca. ? @ 

% 25 mg) tension development. The o u t p u t  was l i n e a r  and d r i f t  problems were over- -:-- . - 5 -  come by c i r c u i t  mod1 f l c a t i o n s  and mounting methods. 7 -  . 1 - * 
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JAMES, D. W. and TAYLOR, J.F. 
@ 

- The Stress Developed by Sheets of  Chick F ib rob las ts  i n  Y i t r o  @ - 7 Exper. C e l l .  Res. 54: 107-10, Jan. 1969 - L- - -  g . - 2  @ 
d -7 SUMMARY:l. When confronted exp lants  o f  ch i ck  f r o n t a l  bone a re  c u l t u r e d  on glass,  - 

- L;- f i b r o b l a s t s  grow ou t  from a l l  s ides o f  each exp lant ,  and form a c o n f l u e n t  c e l l  -3' , 
G sheet i n  the  reg ion between them. I f  the  c e l l s  on the  non-confronted aspects o f  I - 

- -  --- one exp lant  are detached, then the  explants a re  drawn towards each o t h e r  by t h e  
I -; f i b r o b l a s t  sheet connecting them. &- < 
3 - 1 2. Tension thus developed has been measure d i r e c t l y  us ing a c a l i b r a t e d  micro-  - 0 d - i  sp r ing  balance, and found t o  be about 3.4X10 dynes/cm2 o f  c ross-sect iona l  area e , .'- of the  c e l l  sheet between the cu l tu res .  - :. - -A 

- -  
3 .  Heating the  cu l tu res  above 40°C caused a decrease i n  tens ion  w i t h i n  t h e  c e l l  -; -. 

: sheets ( t o  1 .7~104 dyneslcm*) which may i n d i c a t e  t h a t  c o n t r a c t i o n  o f  an extended 2' 
ji f i b r o b l a s t  depends upon more than a s i n g l e  mechanism. 
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6 - - JEWELL, B.R. and W i l k i e ,  D.R. 2 -  I 

l -; An Ana lys is  of t h e  Mechanical Components i n  Frog 's  S t r i a t e d  Muscle i;~. 
J. Phys io l  . 143, 515-540, 1958 

. / 
: 

-+ 
q- ; - -  I i ABSTRACT: (fm sunmary) An a t tempt  has been made t o  t e s t  t h e  t h e o r y  t h a t  t h e  i .  I 

f o r m  o f  t h e  i s o m e t r i c  myogram i s  governed by t h e  i s o t o n i c  f o r c e - v e l o c i t y  cu rve  ! - l ' 
- and t h e  s t r e s s - s t r a i n  cu rve  o f  t h e  s e r i e s  e l a s t i c  elements. I n  o r d e r  t o  do t h i s ,  -- 

- a l l  t h r e e  curves have been a c c u r a t e l y  measured on t h e  same muscle a t  t h e  same r a - -  t ime,  a t  2 O C .  - -  ' a - -  
The anatomical  s i t e s  of t h e  s e r i e s  and p a r a l l e l  e l a s t i c  components a r e  

1 discussed.  D i r e c t  m ic roscop ic  o b s e r v a t i o n  o f  t h e  c o n t r a c t i n g  muscle shows t h a t  • 
1 -2 about h a l f  t h e  s e r i e s  compliance i s  i n  t h e  p e l v i c  tendon. The remainder  i s  - 

- 1  p r o b a b l y d i s t r i b u t e d  a l o n g  t h e  muscle f i b r e s .  5- i 
< 
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JEWELL, B.R. and WILKIE, D.R. & @ I  The Mechanical P r o p e r t i e s  o f  Re1 ax ing  Muscle t @ I  

J. P h y s i o l .  152, pp. 30-47, 1960 -- pi* I 
- -  e I Abs t rac t :  (sumnary) A  s imp le  i n d i r e c t  method has been used t o  r e c o r d  s i m u l t -  . - 

aneous changes i n  l e n g t h  and t e n s i o n  i n  a  f r o g ' s  s a r t o r i u s  muscle d u r i n g  v a r i o u s  0 -2 types o f  muscle t w i t c h .  - Q l -.f 
I n  a l l  cases t h e  f a l l  i n  t e n s i o n  e v e n t u a l l y  becomes exponen t ia l  and Q 

t h e  decay c o n s t a n t  was found t o  be independent o f  t h e  sequence o f  changes i n  - < l e n g t h  and t e n s i o n  t h a t  t h e  muscle had undergone. 
L. Q l 5 An i s o t o n i c  qu ick - re lease  technique has been used t o  f o l l o w  t h e  de- 

Q f c l i n e  i n  a c t i v i t y  i n  t h e m u s c l e .  - -- 2 -  6 ' The use o f  va r ious  measurements f o r  assess ing a c t i v i t y  i s  d iscussed.  :- " Accord ing t o  some c r i t e r i a ,  a c t i v i t y  p e r s i s t s  a t  O°C f o r  as l o n g  as 0-9 sec 0 
l 3 a f t e r  a  shack. 1;. a 
l - -  k-. 

3 The q u e s t i o n  o f  t h e  heat  p r o d u c t i o n  a t  l a t e  t imes  i s  d iscussed.  e 
l : 
-7 $1- @ * . -: k- 
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.q Jones, Don F. - 8 :  
- Back I n j u r y  Research: A Comnon Thread 

-I 0 

Am. Ind .  Hyg. Ass0c.J. 33:596-602, Sept. 1972 

Abs t rac t :  At tempts t o  reduce back i n j u r i e s  assoc ia ted  w i t h  manual l i f t i n g  and : - 
h a n d l i n g  have r e s u l t e d  i n  t h e  development o f  severa l  l i f t i n g  techniques wh ich  .- k. 

ill might  be descr ibed  as mechanical , h i p - f l e x ,  k i n e t i c ,  dynamic and n a t u r a l  . Exam- - O 

l - 5  i n a t i o n  o f  t h e  1  i t e r a t u r e  i n d i c a t e s  t h a t  each has m e r i t s  and no s i n g l e  method i s  i 0 
s u i t a b l e  f o r  a l l  persons i n  a l l  s i t u a t i o n s .  T h i s  paper takes an o b j e c t i v e  l o o k  - a t  t h e  p r i n c i p l e s  i n v o l v e d  i n  an a t tempt  t o  expose some c o m n  th reads ,  t h e r e b y  - . 
p e r m i t t i n g  a  more r e a l i s t i c  e v a l u a t i o n  o f  t h e  a p p l i c a b i l i t y  o f  each method. 
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- Am. J. Phys lo l . ,  Val .  199, 140. 1, pp. 157-162, 1960 
a 1 -- /q- &.-- l , 

- ABSTRACT: I somet r i c  con t rac t i ons  of  i s o l a t e d  r a t  p a p i l l a r y  muscles d r i ven  a t  i- l 
7 -- a  constant  r a t e  have been recorded f rom p a i r e d  muscles f rom hea r t s  o f  r a t s  2-6 l 
-L 

months o f  age. A t  37' C and a r a t e  o f  30/min. tens ion reaches maximum i n  30-60 7 l . = minutes and then dec l ines  s low ly  du r i ng  the  succeeding 4-12 hours. The - 
f a  --= maximum tens ion and the ra te  o f  dec l i ne  w i t h  t ime a re  r e l a t e d  t o  t h e  diameter F- L o f  the muscle; however, i t  has n o t  been p o s s i b l e  t o  demonstrate a  d e f i n i t e  l i m l t  - C 

l 2 t o  d i a m t e r  b e l w  whicn the c o n t r a c t i o n  o f  the  muscle i s  independent o f  var ia -  i -  @ 

I -- t i ons  i n  s i ze .  Most factors which increase the  fo rce  o f  c o n t r a c t i o n  do n o t  pre-  l 1 • - vent the  slow decrease i n  tens ion w i t h  t ime. Two except ions  are low temperature 1- l 
i:. (27'C) and n ign  r a t e  (180/min); under e i t h e r  o f  these cond i t i ons  a  steady l e v e l  

o f  tens ion i s  maintained f o r  severa l  hours o r  more. The response o f  t he  i s o l a t e d  ; l , 
r a t  p a p i l l a r y  muscle t o  var ious p h y s i o l o g i c a l  a l t e r a t i o n s  i s  c o n s i s t e n t  and re- = . produc ib le  if v a r i a t i o n s  i n  s i z e  are considered. 
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' - JONES, E .  Chang, I-Dee and An l iker ,  M. 
;- a  
C 

- E f fec t s  o f  V i scos i t y  and ex terna l  cohs t ra in t s  on wave t ransmiss ion  i n  b lood 
• 

1 vessels.  
:- l - - 

- 
- - SUDAAR Rep. No . 3 4 4 .  Dept . o f  Aeronautics and As tmnau t i cs ,  S tanford  Univ., k- • . ; Stanford,  Ca l i f . ,  1968 .- ;- e 

' 

A ,?I .  l ( 
l -2 This r e p r i n t  i s  n o t  a v a i l a b l e  from authors o r  S tanford  U n i v e r s i t y .  Univ. of ,? 
a !  Mich. L i  b rarys  do n o t  have copies o f  t he  SUDAAR Rept. 
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0 - ' e - - Kelman, G. Richard ti'o a 
1:. - A New L u n g  Model: An Investigation With the Aid of a Digital Computer -i : @ ,  
$- 

- 
-: Computers and Biomedical Research, Vol. 3 ,  241-248, 1970 itl- o 1 

_i_ 
+ -- ' 
?I. @ 

ABSTRACT: The properties of a new lung model, based on the assumption tha t  !3 

1. e I 
3 ventilation and perfusion in the pulmonary alveoli  a re  log-normally d i s t r ibu ted ,  8 

, 

- 1 have been investigated with the aid of an ICL 4/50 d ig i ta l  computer. The be- ,-. .: haviour of th i s  rode1 agrees well with established ideas in respiratory phys io logy~-  @ 
- -4 and predicted values of the oxygerl, carbon dioxide and nitrogen a1 veol ar-to- 
@ - I  - 0 - a r t e r i a l  tension differences accord with experimentally determined values in the '1- < 

l i t e r a tu r e .  I t  i s  suggested tha t  this  model may prove valuable in c l in ica l  and - 
) -jj physiological research; i t  permits the quant if icat ion of abnorrnali t i e s  of pul- <- -: monary function in terms of the parameters of the pa t i en t ' s  hypothetical log- - -  -- - 

: f 3  -:' normal alveolar  frequency d is t r ibu t ion ,  rather as they are  a t  present quant if ied L 
d in t e r n  of such hypothetical parameters as "physiological dead space' and t -  O 
4 "percentage pulmonary venous admixture." - 
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j KELSALL, Margaret A. and Visci , Marguerite ti 

Aortic Cartilage in  the Heart of Syrian Hamsters L: 

Anat. Rec., 166: pp. 627-634 ' -  8 1 
- 51- * , 

p--- . 
ABSTRACT: A C-shaped bar of hyalin car t i l age  was present i n  the fibrous t i s sue  ,: @ 

around the aor t ic  o r i f i c e  in the heart  of a l l  70 male and 10 female Syrian ham- I -  @ , 
s t e r s ,  103 to 843 days old. This car t i l age  has the same ce l l u l a r  and in te rce l lu -  : d, 
l a r  charac te r i s t ics  as the tracheal car t i l ages .  Fibers from four of the s i x  I; - < 
lunulae of the semilunar ao r t i c  valves, the a o r t i c  sinuses and vest ibule ,  and , 
cardiac muscle adjacent t o  the poster ior  semilunar valve i n s e r t  onto the fibrous 
capsule and the protuberances of the a o r t i c  car t i l age .  A few f ibers  from -.. ' 

-111 the ventricular and i n t e r a t r i a l  septa and the a o r t i c  cusp of the mi t r a l  valves ; 0 
-7 are also attached to the fibrous capsule. Cartilage did not occur around the -- - 

@ - ! I  P ulmnary o r i f i c e  o r  in other  regions of the heart  with the exception of a chon- -. @ 
--.I droma in the ao r t i c  valve. The C-shaped a o r t i c  c a r t i l age  in t h i s  hibernating -, 

species i s  discussed in relat ion t o  i t s  possible s ignif icance in preventing - 
' A  collapse of the ao r t i c  o r i f i c e  and the poss ib i l i ty  of increasing coronary blood - 
@-5 flow, <. . , 

-2 ii a ;  
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Kempson, G. E., Muir,  Helen, Swanson, S. A .  V. and Freeman, M. A. R. : 
! l =- C o r r e l a t i o n s  Bebueen S t i f f n e s s  and the Chemical C o n s t i t u e n t s  o f  C a r t i l a g e  on t h e  - a  - 1  - Hurlan Fenorai Head 5 

@ -- ' b ioch im Biophys Acta, Vo1. 215:70-77, 1970 . :,- -. 
- --.. 

5 0 ,  
: i 

0 - ,  ABSTRACT: A m t h o d  i s  described, i n  o u t l i n e ,  f o r  measuring the  compressive s t i f f - :  
l -7 ness o f  a r t i c u l a r  c a r t i l a g e  on the  human femoral head, i n  v i t r o .  I n d e n t a t i o n s  - 

were m a s u r e d  normal t o  the  a r t i c u l a r  surface, and from these  nrzasurements creep ;. 
modui i  \!ere c a l c u l a t e d  a t  2 sec a f t e r  a p p l i c a t i o n  o f  t h e  load .  C o r r e l a t i o n s  be- --TO 

l -2 tween t h e  s t i f f n e s s  and the  f o l l o w i n g  q u a n t i t i e s  were determined: ( 1 )  T o t a l  / l , glycosaminoglycan content ,  ( 2 )  chondroi t i n  r u l p h a t e  con ten t ,  ( 3 )  ' k e r a t i n  s u l -  c- 
-; phate '  content ,  and ( 4 )  co l lagen  content.  These q u a n t i t i e s  were determined f r o m  - 

l - chemical analyses o f  the  indented areas o f  c a r t i l a g e  and expressed as a percen- : 
.- -- - tage o f  the  d ry  weight.  - -- 
-: T o  The f o l l o w i n g  observat ions were made: t h e r e  was a s t a t i s t i c a l l y  significant-.: c 
; c o r r e l a t i o n  between the  s t i f f n e s s ,  expressed as t h e  creep m d u l u s ,  and the t o t a l  -- 

- 1  glycosamlnoglycan content .  Aoproxirnately equal c o r r e l a t i o n  c o e f f i c i e n t s  were r e -  C. 
', - 1  corded beween the s t i f f n e s s  and c h o n d r o i t i n  su lpha te  and I k e r a t a n  s u l p h a t e l  0 

coh ten t  r e s p e c t i v e l y ;  however, a t  a g iven concen t ra t ion ,  t h e  i n f l u e n c e  of ' k e r a t i n  O 
_' su lpha te '  on the  s t i f f n e s s ,  was g r e a t e r  than  t h a t  o f  c h o n d r o i t i n  su lphate.  I n  - I .  - 

c o n t r a s t ,  t h e  c o r r e l a t i o n  between s t i f f n e s s  and c o l l a g e n  c o n t e n t  was cons iderab ly  - c 
1. less s i g n i f i c a n t .  

- -  - - -------- - a 
1 - -  - - ---- - -  . - - -  -- - - - -- - -- - a  
l e @ ~ a o O e a e . e e . a a a a @ a a o o a o o a a o * e o o o o ~ o a * o  
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0 1 - KEMPSON , G . E . , SWANSON, S  .A .V . , & Freeman, M  .A. R. 
>: 1 --  S t i f fness  Va r ia t i ons  i n  Femoral Head A r t i c u l a r  C a r t i l a g e  

e ,  - 7 t h  I n t .  Conf. on medical and B i o l o g i c a l  Engng, Stockholm, 38-5, 1967 
L: -: 

7 1 1 -  1 
r- - 2 Abst rac t :  Osteoar t  h r i t i s  i s  known t o  d i s t u r b  t h e  s t r u c t u r e  o f  a r t i c u l a r  c a r t i l a g e  ' * 

.- - 8 - and disease commonly invo lves  t h e  h i p  j o i n t .  The present study i s  concerned 
- - -: w i t h  the  mechanical p rope r t i es  of t he  c a r t i l a g e  cover ing  the  normal femoral head. i -. 

\ . This cove r i ng  has been shown t o  vary s y s t e m a t i c a l l y  i n  s t i f f n e s s .  The present  
-1 ,, . --A 

- 1  r e s u l t s  show no systemat ic v a r i a t i o n  o f  s t i f f n e s s  w i t h  age. An understanding 
I-- 

@ 7 o f  t he  p r o p e r t i e s  of the  cover ing  on the  femoral  head i s  essen t i a l  t o  understand-; '- 
i n g  o s t e o a r t h r i t i s .  

,: -. --i- 

-:' KEMPSON, G. E. 
- Mechanical P rope r t i es  o f  A r t i c u l a r  C a r t i l a g e  
. -  J. Phys io l  (Lond) 223: 23P, May 1972. LC. 

--: - 1:- 0 1 

- Abs t rac t :  (The a r t i c 1 e ) A r t i c u l a r  c a r t i l a g e  experiences bo th  compressive s t resses . 1 - normal t o  t he  a r t i c u l a r  sur face and t e n s i l e  s t resses pa ra l  l e l  t o  t he  sur face.  ;- : 
The mechanical p rope r t i es  o f  t he  t i s s u e  bo th  i n  compression and t e n s i o n  are  - -1 there fore  impor tant  f a c t o r s  i n  de termin ing  t h e  l o a d  c a r r i a g e  c h a r a c t e r i s t i c s  o f  .: @.'  

c a r t i l a g e .  Two se r i es  o f  t e s t s  which were performed t o  i n v e s t i g a t e  t h e  above ;- C 
-7 

- - 1  p rope r t i es  were descr ibed.  z -C 
51 F i r s t ,  an i n d e n t a t i o n  s tudy  o f  t h e  v a r i a t i o n  i n  compressive s t i f f n e s s  o f  y >  

- 
c a r t i l a g e  on the  human femoral head was performed. I t  was found t h a t  t he  s t i f f -  ' a 
ness va r i ed  i n  a  systemat ic manner and the  observed s t i f f n e s s  p a t t e r n  suggested - 

I 

-- f t h a t  i t  was r e l a t e d  t o  t he  l o a d  d i s t r i b u t i o n  on t h e  femoral head. Chemical - @ -  . -- 
@ - :  - analyses were performed on the  specimens a f t e r  mechanical t e s t i n g  t h e  compressive . 

11 -- s t i f f n e s s  was r e l a t e d  t o  t he  chemical c o n s t i t u e n t s  o f  c a r t i l a g e .  The p r e l i m i n a r y  - @ 
@ -:I r e s u l t s  o f  a  c u r r e n t  i n v e s t i g a t i o n  i n t o  t h e  i n t e r r e l a t i o n s h i p  between the com- e 

I press ive  s t i f f n e s s  o f  c a r t i l a g e  and the  f i x e d  charge d e n s i t y  were presented.. . - 
The second i n v e s t i g a t i o n  which was presented i s  t h a t  t o  determine t h e  

--. t e n s i l e  c h a r a c t e r i s t i c s  o f  c a r t i l a g e  i n  planes para l  1  e l  t o  t h e  a r t i c u l a r  surface.  
e 

Specimens were t e s t e d  f rom f o u r  areas on t h e  femoral condyles o f  human knee j o i n t s  
@ 

and a t  i nc reas ing  depth below t h e  a r t i c u l a r  sur face.  Each specimen was o r i e n t e d  C 
1 - - - - - - - - - . - -- -- - - - . -. - --. 7 -  - C 
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~ 0 0 o . @ . . @ . . @ @ . . @ . @ . @ e @ * @ o . ~ e * @ @ . @ . . @ O O @ ~  . * - - -  - - - - ,  -- - -.--- ._ - " --  - _- ,*̂ - ---. - -_-_ _ - _ _  ___. .___.__ _ -_- 



---L. .--&I *-- I 

- - - - . 
- 1 . .  - . I - J , ~ ~ I - I ! - -  ~ . J I ~ ~ ~ ~ ~ ~ I ~ ~ - ~ S ~ I ~ ! I ~ , I Z ! I ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~  5 i 4 , ; I ; i 1  1 e-; 

! < 
e 

Kempson, G.E. 2 0  

- Mechanical Proper t ies  of A r t i c u l a r  Ca r t i l age  ; 0 1  '-@.> J. Physio l (Lond) 223: 23P, May 1972 .? - .- ,:I- ' 
f-- -- 

7 Abst rac t -cont inue o f  a r t i c l e  - - :- 
e i t h e r  p a r a l l e l  t o  o r  perpendicular  t o  t h e  predominant co l lagen f i b r e  d i r e c t i o n  s - I n  the s u p e r f i c i a l  zone o f  ca r t i l age .  It was shown t h a t  t he  t e n s i l e  p rope r t i es  - f -: -- vary  w i t h  dep th  below the surface and t h a t  the  s u p e r f i c i a l  zone i s  a  h i g h l y  - - 8. 

an iso t rop i c  l a y e r  which possesses super io r  t e n s i l e  p rope r t i es  t o  t he  remaining i_ 
c a r t i l a g e .  I t  was shown t h a t  the  t e n s i l e  p rope r t i es  o f  v i s i b l y  normal areas o f  

3 f c a r t i l a g e  which were s i t u a t e d  near t o  patho log ica l  l es ions  were i n f e r i o r  t o  
- those of corresponding areas on normal j o i n t  sur faces.  The r e s u l t s  of  t h e  ten-  - 0 

1 --3 s i o n  t e s t s  were a l so  r e l a t e d  t o  t he  chemical cons t i t uen ts  o f  c a r t i l a g e .  1 0  - 
0 .  :I s. . , 
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l y ,  C.H. and Gibson, T. 
n, S i g n i f i c a n c e  and S p p l i c a t i o n  o f  t h e  B ionechan ica l  

C h a r a c t e r i s t i c s  o f  Human Skin.  
D i g e s t  of t h e  6 t h  I n t e r n a t i o n a l  Conf.  on Medica l  E l e c t r o n i c s  & B i o l o g i c a l  
Eng ineer ing ,  1965, T0kyo~pp.531-534. 
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- KLEIN , M. , Nejad, N. S. ,  Lown, 0 .  , Hagemei j e r ,  F. and Barr, I ,  
2 Correlation of the Electrical and Mechanical Changes in the Dog Heart during 

@ - Progressive Digital ization 
Circulation Research, 29, 635- 645 ,1971 

Abstract: Changes in the mechanical and e lec t r ica l  properties of the i n t ac t  dog 0 
heart  were studied during progressive d ig i ta l iza t ion  with acetyl strophanthidi n ,  - 8 ' -; ouabain, and digoriti. Heart ra te  was held constant a t  180 beatslmin t o  eleimin- -:. Q 
a te  s h i f t s  along the interval-strength curve. Inotropic e f fec t s  produced by the -:--< 

0 :' d i g i t a l i s  drugs were assessed from increments in peak l e f t  ventricular inso- - - 
; @  7 voluniic (dP/dt)/P. Alterations in impulse formation and conduction were measured - 3 . i i  by the  presence of repe t i t ive  ventricular extrasystol i c  responses e l i c i t ed  with !$ tB 

- I  low energy d ias to l ic  endocardia1 stimuli.  The repe t i t ive  ventr icular  responses :- 0 ..-- 

- 
could be detected both before ventricular tachycardia supervened and again a f t e r  : . 0 

@ 1 i t  subsided. The inotropic response t o  acetyl strophanthidin, ouabain, and digoxin- 
I @ '7 was s imilar ,  though i t  developed over d i f fe ren t  time in te rva ls .  Peak (dP/dt)/P ' 

Q -; increased 1 inearly until  ventricular tachycardia occurred. Time r a t i o  of onset of 
Q --ij repe t i t ive  ventricular responses to  the onset of ventr icular  tachycardia was -' 

comparable for  a l l  three drugs: 62'5 (SE)% for  acetyl strophanthidin, 6825% fo r  P 0 1  
- 1  ouabain, and 682276 fo r  digoxin. ~ h T s  corresponded t o  60-70% of the to ta l  in- :z& @ 

f 2' crement in peak ( d P / d t ) / P .  Repetitive ventricular responses may r e f l e c t  increased? 
I .  

1 6 ? '  cardiac automatici ty,possibly associated withloss of i n t r ace l l u l a r  potassium~ , , k  ,-;i.- >_r:iYCL< 9- 
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KNIVITY, Y e  AND COLLINS, R.  g @ 

Non l inear  Wave Propagat ion i n  V i s c o e l a s t i c  Tubes: A p p l i c a t i o n  t o  A o r t i c  Rupture !- 
J.Biomechanics, 7:1 ,pp.67-76, 1974 - ;. 
Abstract:Recent s t a t i s t i c a l  surveys i n t o  t h e  causes o f  automobi le  f a t a l i t i e s  7- e 

I have shown t h a t  t raumat i c  rup tu re  o f  t h e  a o r t a  f o l l o w e d  by immediate exsangu ina t ion  e 
-7 i s  respons ib le  f o r  a s i g n i f i c a n t  percentage o f  t r a f f i c  deaths i n  t h e  U n i t e d  S ta tes .  

The o b j e c t  o f  t h i s  i n v e s t i g a t i o n  i s  t o  understand a p o s s i b l e  mechanism f o r  t h i s  
- f a i l u r e .  A mathematical ana lys is  i s  presented o f  t h e  mot ion  o f  b l o o d  i n  a d i s -  - t e n s i b l e  v i s c o e l a s t i c  segment o f  a o r t a  subjected t o  a d e c e l e r a t i v e  f o r c e  f i e l d .  = c. 
-? k- Ca lcu la t ions  o f  a x i a l  w a l l  s t r a i n  and s t r a i n - r a t e  i n d i c a t e  t h a t  wave p ropaga t ion  0 
- - I  r e s u l t i n g  i n  abrup t  shock- l i ke  t r a n s i t i o n s  along t h e  a o r t i c  w a l l  may w e l l  account :- 0 _ - f o r  t h e  t ransverse  rup tu res  observed, when compared w i t h  t h e  l i m i t e d  amount of :-. -2 

r u p t u r e  data p r e s e n t l y  a v a i l a b l e .  The a n a l y t i c  method and numer ica l  s o l u t i o n  by  c) 
.: a two-step Lax-Wendroff d i f f e r e n c i n g  scheme a r e  s u f f i c i e n t l y  genera l  t o  d e s c r i b e  - "' 

a wide v a r i e t y  o f  i n i t i a l  and boundary c o n d i t i o n s  r e l a t e d  t o  b l u n t  impact  t o  t h e  
% thorax.  :- @ 
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-' KOBAYASHI, A.S. ,  Staberg,  L.G. and Schlegel  , W.A. - • 

~ i s c o e l  a s t i  c  P r o p e r t i e s  o f  Human Cornea 
Exper imenta l  Mechanics , pp. 497-503, Dec ,1973 $2 

-f A b s t r a c t : V i s c o e l  a s t i c  response o f  i n t a c t  human cornea s u b j e c t e d  t o  p h y s i o l o g i c a l  
4 

i n t r a o c u l  a r  p r e s s i s r e  was determined f rom l o c a l  de fonna t ions  measured by  a  f l y i n g  2- @ 

- 2 1  s p o t  micrometer .  One eye o f  a  p a i r e d  specimen was p r e p r e s s u r i z e d  a t  1 5  mdig for  8 
.i a t  l e a s t  8 h r  w h i l e  t h e  o t h e r  eye was l e f t  unpressur i zed  b e f o r e  t e s t i n g .  T e s t  : 0 

-7 r e s t i l  t s  o f  f i v e  p a i r e d  eyes shcued t h a t  i n  p r e p r e s s u r i z e d  enuc lea ted  eyes, t h e  . c- 
-4 v i s c o e l  a s t i c  response was i n s i s n i f i c a r , t  w h i l e  s i g n i f i c a n t  v i c c o e l  a s t i c  response 

. 

@ 2 e x i s t e d  i n  t h e  nonpressur i zed  eyes. The l a t t e r  v i s c o e l a s t i c  p r o p e r t i e s  were 
- Q 

- , c h a r a c t e r i z e d  by a  f i ve-el  ement 1  i near  v i  scoel  as t i c  model and a  n o n l i n e a r  - -- 
a .?, - h e r e d i t a r y  i n t e g r a l  by  Fung . 
e - E l  . -g 
a -4 . -11 ;q . 3 

-\:I 
-q" I 
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KOENEMAN, J.B., Lindan,O., Resyick,J.B. and Scanlan, R.H. I:. -F Viscoe l  a s t i c  P r o p e r t i e s  o f  B r a i n  TI ssue ti- . .P 7 t h  I n t .  Conf. on  Medica l  and B i o l o g i c a l  Engng, Stockholm 38-8, 1967 G - a ,  
:- 
.'i . 

A b s t r a c t :  Ouant i  t a t i v e  d a t a  on t h e  mechanical p r o p e r t i e s  o f  b r a i n  t i s s u e  a r e  I"' ' 
r e q u i r e d  t o  s t u d y  b r a i n  damage caused by e x t e r n a l  f o r c e s  and p a t h o l o g i c a l  !I& I - c o n d i t i o n s .  B r a i n  t i s s u e  can be c h a r a c t e r i z e d  as c o n s i s t i n g  o f  c l o s e l y - p a c k e d  i t .  0 . . 5  e l a s t i c  c e l l s  h e l d  t o g e t h e r  p r i m a r i l y  by  c o l l o i d a l  o r  secondary f o r c e s .  . Very ;:,. 0 .32 I f t t l e  o f  t h e  s t r u c t u r a l  p r o p e r t i e s  o f  t h e  t i s s u e  i s  due t o  mechanica l  i n t e r -  >'- 

t w i n i n g  o f  t h e  g l i a l  c e l l  f e e t  w i t h  b l o o d  v e s s e l s  o r  o t h e r  entanglements.  €* 4 Permanent de fo rmat ion  i s  caused by  t h e  r e l a t i v e  m o t i o n  o f  who le  c e l l s .  Thus !- C. 
- permanent s e t  i s  v e r y  sma l l  if t h e  c e l l s  a r e  s t r o n g  enough t o  p r e v e n t  who le  0 - -,,, c e l l  m o t i o n .  L-. I c q  
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i l - KONDO, Atsuo and Susset, Jacques G .  - -  0 ,  

s 

:- a Physical Properties of the Urinary Detrusor Muscle, A Mechanical Model Based 
- -  Upon the Analysis of Stress Relaxation Curve : . a ;  

J .  Biomechanics 6:2, 141-152, 1973 - -. ?- * , 
1 

- :. l 
l . Abstract: The viscoelastic properties of dog urinary bladder have been quanti- + - ta t ively studied in viva and in vi t ro.  The thickness of the bladder wall was 5- @ e-2 

- taken into consideration when the s t ress  in the detrusor muscle was calculated. 2 a a * -  - Thirty ml of sa l ine  were rapidly injected three times successively with an :- a  
- -  

a  I interval of three minutes. The force-deformation diagram was found t o  be a I < 
l - non-linear relationship. The relaxation curve could be analyzed into three ex- <- < > -? ponential components. Subsequently, a mechanical model was formed, and i t s  -. 

- mathematical formulae were composed based upon the correlation between the 
2 e - 

length change of the Hooke elements and the volume increment. Four e l a s t i c  con- :I C 
s tan ts ,  three time constants, and three viscous coeff icients  were measured re- - O 

L spectively. The urinary bladder does n o t  obey Hooke's law because of the specif icy-  
- -  a configuration of collagen f ibers .  The quantitative evaluation of the physical . 
- 1  properties of detrusor muscle can be ut i l ized as a c l in ica l  diagnostic tool t o  ;- I --- a  supplement conventional cystometry . V - 

2 -  a  .? 9 1 -- a  I 
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KRESCH, Edward and Noordergraaf, Abraham - @ 
- Cross-sectional Shaoe of Collaosible Tubes - 
T Biophysical Journal, Vo1.12, 274-94, Mar.1972 I; ~ , ~ t r a c t ;  In order to  quantify the collapse phenomenon in veins, th i s  paper pre- 

' 
: @ I  

; sents a mathematical analysis of the cross-sectional shape of a f lex ib le  tube as 0 

-: i t s  internal pressure varies. Quantitative resul ts  are presented in terms of 2 a " 
. the physical parameters of the tube, such as wall thickness and Young's modulus. 6 

- - I t  i s  assumed that the tube i s  thin walled, that  no stretching occurs, that  a 
- the cross-sectional shape i s  e l l ip t ica l  when the transmural pressure i s  zero, 

and that the longitudinal prestress i s  zero, The equations were solved on a C 
- 1  digital computer wh'ch displayed the cross-sectional shapes on an  oscilloscope, 0 

which were then photographed. A selection of these photographs i s  presented. Q 

- Curves are shown which give the cross-sectional area and compliance as functions O 

-: of transmural pressure. Other curves are shown which are useful f o r  interpolation, (B 
-+ and for use in the experimental determination of the physical parameters which 

--I- may otherwise be d i f f i cu l t  or  impossible to  measure accurately. - @ 
5 -  I - :. 8 
:- @ 
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heral Arterial Pressure - e ,- 8 -- I 

- -  0 
a1 and femoral pressure 

subjects during conditions o f  @ 

neral systol ic  pressure a t  0 
sure generated by tne same - -  e 

146, 146 and 765 percent of cen- 6 
t while radial mean pressures 0 
res respectively. S m a t i o n  of 

om the periphery and resonance 
produce these changes in pressure _ -- 
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- ,  Kuchar, rl. R. and Ostrach, S .  3.. . ; - A Thi  ck-wal led V i s c o e l a ~ t i c  Model f o r  the Mechanics o f  A r te r i es  - ~ o u r n a l  o f  Biomchanics,  VOI 2 ,  NO, 4 ,  pp. 443-454, ,969 

- :- =I - * I 
A Abst rac t :  A knowledge o f  the mechanics o f  a r t e r i e s  i s  o f  importance i n  the i -  a I 

I. determinat ion  o f  vessel rheo log ica l  p roper t ies  and i n  the s tud ies  o f  b lood  f l o w  and" @ - - c e r t a i n  a r t e r i a l  diseases, Most e x i s t i n g  a r t e r i a l  models t r e a t  on ly  wave motions; : 0 
= however, o the r  types of  r a t i o n ,  i n  p a r t i c u l a r  those associated w i t h  flow develop- - C  ." m n t  and o the r  end e f fec ts ,  occur in tne vascular  system, Thus, a  m d e l  i s  needed + 

? which can be app l ied  t o  a  va r i e t y  o f  poss ib le  types o f  rmtion. - < 
0 1 0  A n a r t e r i a i m d e l i s d e s c r i b e d w h i c l l i n c l u d e s t h e e f f e c t s o f t h i c k w a l l s ,  - 

3 : l i n e a r  v i s c o e l a s t i c i t y  and wa l l  te ther ing .  The f o m  of the  d i sp lacemnts  and - - 0 - - - - st resses are found independently o f  the' exact form o f  the app l ied  f l u i d  s t resses:  . Q - thus, the r e s u l t s  are app l icab le  t o  a  range of poss ib le  dynamical cond i t ions .  @ - -  
- 
: 8 - Displacements and s t ress  s ta tes  can then be found from experimental o r  t h e o r e t i c a l  - 

.- knowledge o f  the b lood pressure and flow. The r e s u l t s  are app l i ed  to f low 3 0 ,  
-,development and wave propagation regions i n  the a r t e r i e s .  6- 9 , 
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-- KUCHAR, N. R. and Ostrach, S. PC 

  lows i n  t he  Entrance Regions o f  C i r c u l a r  E l a s t i c  Tubes 
Q- a 1 

- I n  Biomedical F l u i d  Mechanics Symposium, pp.45-69, ASME, N e w  York 1966 3 

-: - -  I- *i a / : -5 Abst rac t :  This paper deals w i t h  entrance e f f e c t s  associated w i t h  t h e  l am ina r  @ 1 
f lows of viscous f l u i d s  i n  c i r c u l a r  e l a s t i c  tubes. I n  general, entrance : e t  - 

- e f f e c t s  occur i n  both the  dynamics o f  the  f l u i d  ( f l o w  development) and i n  t h e  5 1 
mot ion o f  the  tube w a l l s .  The mathematical model chosen f o r  t h i s  study cor res-  7 

- --- ponds c l o s e l y  t o  the physical  s i t u a t i o n  found i n  many o f  t h e  impor tant  vesse ls  
;,, • o f  t he  mammalian c i r c u l a t o r y  system. 

- D i f f e r e n t i a l  equations descr ib ing  the motions o f  the  f l u i d  and the  tube - t 7  
-: wal ls  are  s e t  up and discussed fo r  the  case o f  unsteady ( b u t  p u l s a t i n g )  flow. - 

A 

- Then, f o r  the  subcase of steady flow, the equations a re  so lved a n a l y t i c a l l y  t o  :- e 
- - determine the  pressure d i s t r i b u t i o n ,  the f l u i d  v e l o c i t y  d i s t r i b u t i o n s ,  and t h e  -.--- 

- displacement of t h e  tube w a l l .  Based on these so lu t i ons ,  the  hydrodynamic 
- 0 - 1 - entrance l eng th  and the  entrance l eng th  associated w f t h  the  e l a s t i c i t y  of t he  : * 
- . tube are  determined.The physical  and mathematical s i g n i f i c a n c e  o f  the  ent rance - " -. e f f e c t s  i s  discussed. = 

1 I t  i s  found t h a t  t he  entrance ef fects associated w i t h  the e l a s t i c  tube have a -: 
• "boundary l a y e r "  behavior  and can l ead  t o  a  narrow reg ion o f  h igh  bending 

- 
stresses i n  t he  tube.  
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- -  - 8 1 Kuk~lareva,  L. V.,  F renke l ,  5. Ya., Ginzburg, 8. M., and Yombtev,  V. L. . - ,-. 
I n f l u e n c e  o f  Load on Order-Di s o r d e r  T r a n s i t i o n  i n  N a t i v e  Col lagen F ib res  m 

B io rneo loay ,  Vol. 7, pp. 37-53, 1970 121 . 1 . -?- I - ?- -- 
- ABSTRACT: Tne i n f l  ~ e n c e  o f  e x t e r n a l  s t r e s s  on the  hydrothermal and chemical ; • 
-7 ( induced  by w a t e r  S O ~ U ~ ~ O ~ S  o f  KCriS and HCI) c o n t r a c t i o n  o f  n a t i v e  c o l l a g e n  fibeE?. e 
-j nas been i n v e s t i g a t e d .  The experiments were made i n  t h e  i s o m e t r i c  and i s o t o n i c  - - masurements modes. The co inc idence o f  i s o m t r j c  and i s o t o n i c  d a t a  p e r m i t s  t h e  ;- . -: - -- c o n s i d e r a t i o n  o f  a c e r t a i n  p o r t i o n  o f  t f le  i s o m t r i c  curve as a phase e q u i l i b r i u m  - 
-I curve s i m i l a r  t o  tile pressure- temperature curves o f  phase e q u i l i b r i u m  f o r  t h e  low C 

' mo lecu la r  wei g i l t  substances. Tne e x i s t e n c e  o f  a c e r t a i n  c r j  t i c a l  t e n s i o n  and : O 
3 -2 o f  a corresponding c r i t i c a l  temperature i n  t h e  case o f  hydrothermal  c o n t r a c t i o n  

-f 0 
! - - and o f  a c r i t i c a l  c o m ~ o s i  t i o n  o f  env i  r 0 t l R n t  i n  the  case o f  chemical c o n t r a c t i o n  - -- I was s u g g e s t e d ~  and t l l e i  r v a l ~ e s  Were c a l c u l a t e d  f o r  t h e  s y s t e m  under cons idera -  IT. - =  t i o n .  Thermodynamic c a l c u l a t i o n  g ives us an e s t i m a t e  o f  the  en thd lpy  o f  - 

:A m e l t i n g  CHU = 2*1250.3 kca l /mo le  o f  p e p t i d e  u n i t s  i n  the  case of h y d m a e m a ,  
vi Cont rac t ion  and cor respond ing ly  o f  a c e r t a i n  "enr ichment  o f  s a l t "  A E  = 4.6 10-2 -- • 
- i  w l e s  KCliS/mle o f  arninoacid u n i t s  i n  the case o f  KCPS-contraction. The coopera- - -  0 -- -- 

• -: t i v i t l  Parameters f o r  bob1 Processes were est imated,  and t h e i r  o r d e r  was found t o  - .  6 
? be 10 '- Tne n a t u r e  o f  the t r a n s i t i o n  o c c u r r i n g  i s  d iscussed i n  t e r n  of t h e  ; a genera l  theory o f  o r d e r - d i s o r d e r  t r a n s i t i o n s  i n  u n i d i m n s j o n a l  o r d e r e d  systems, . - The conclus ions drawn a re  conf i  md by x-ray evidence, 

- . 
L '. F 
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KUCHAR, Norman R. and Ostrach,  Simon : e 

, unsteady Entrance Flows i n  E l a s t i c  Tubes w i t h  A p p l i c a t i o n  to t h e  Vascu la r  2 . 0  

j System 7-  - A I M  J r .  Vo1.9N0.8, 1520-26, Aug.1971 . - -  
ei, y y  ; ;/ A b s t r a c t :  Flow development e f f e c t s  i n  t h e  l a r g e  a r t e r i e s  a r e  i n v e s t i g a t e d  -- 

a n a l y t i c a l l y  u s i n g  a mathemat ica l  model of p u l s a t i l e ,  v i scous  f l o w  i n  a semi- ; • 
i n f i n i t e ,  t h i c k - w a l l e d  e l a s t i c  tube.  A coupled Se t  of d i f f e r e n t i a l  equa t ions  r-  

1 

and boundary condi t i o n s  f o r  t h e  f l u i d  and tube  mot ions , c o n t a i n i n g  approxi- f 
mations v a l i d  f o r  t h e  l a r g e  a r t e r i e s ,  i s  s o l v e d  u s i n g  F o u r i e r  s e r i e s  an* Lap lace  

• ;I transform techniques.  Resu l t s  i n c l u d e  f l u i d  v e l o c i t y  and Pressure  d i s t r i b u t i o n s  ;- < 
$ -; and tube  w a l l  d isp lacements and s t r e s s e s .  It i s  found t h a t  f l ow 2 0 

fLj- depends p r i m a r i l y  on t h e  Reynolds number and t h e  unsteadiness parameter  w i t h  - .- 
! I  e l a s t i c i t y  of secondary impor tance.  The development l e n g t h  i s  comparable to - @ 

t h e  leng ths  o f  many a r t e r i e s ,  and w i t h i n  t h e  develop nlent r e g i o n  w a l l  shear :. • 
-- s t resses  a re  h igh .  Thus, f l o w  development e f fec ts  Can be i m p o r t a n t  i n  the - : e i  
L l a r g e  a r t e r i e s .  - 
1. 

3 
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- Lab, Max J ,  and Morr is ,  G.A. 
- A c a l l i p e r  f o r  sampl i n e  r e l a t i v e  movement o f  t i s s u e  surfaces 

. :  -- - 
l - .- J. Phys io l .  ( l o n )  224: 55-56, 1972 
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0 -7 C-1 1 agen Tissue: Imp1 i c a t i o n s  o f  I t s  Respcnse t o  Stress i n  Vi trO - 
. : Arch. phys. Med . Rehabi 1 . 43: 461 -466,1952 - 
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+ - ,  
i Abst rac t :  During i n v e s t i g a t i o n s  on the  v e n t r i c l e s  o f  i n t a c t  f r o g  hear ts  i t  was - l 

I -11 necessary t o  record  qua1 i t a t i v e l y  the r e l a t i v e  movement o f  two po in ts  on e i t h e r  I ? \ >  

-7 s ide  o f  an e lec t rode on the  endocardium. Th is  was done us ing a c a l l i p e r .  
+ 
( 3 .  i - 21 - 

a -: -- 
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- LAIRD, J .  0. andMADRAS, P.N. 1 -  - -7 - 1 - 
:- @ 0 Acornparison of Aortic Distensibllity in vivo and i n  vi t ro in the same animal. 

-..I 1 5 Proc. 8th ICMBE, Chicago, 111. 1969 I :-j 
1: - - 
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Lambossy ,P . - (I 

L'anisotropie des arteres - 8 
Angiologica (Base1 ) 4: 129-146,1967 3 -  + -- 

; e 
ABSTRACT: Some experiments on the relation of internal pressure w i t h  diameter arid -' 

length on samples of ar ter ies  showed a very marked increase in length, which can 
no t  be explained by theory i f  the a r te r ia l  tube i s  supposed t o  behave as an i so-  e 
tropic material .Indeed the theory gives no change of length, when the internal - -  - ?@ 
pressure i s  raised.We are therfore lead to  assume anisotropic behavior t o  be the o 
cause of i t .  5 < 

In a theoretical part some formulas are  established fo r  the case tha t  only t he  
behavior in the direction of the vessel axis i s  distinguished from the other ones 
with a particular Young's and a particular Poisson's modulus. The other principal - 
directions, the radial and the tangential ones are considered t o  be equivalent - 8 
with a common pair of Young's and Poissons moduli. • 

Based on a ser ies  of measurements which have been made by Schonenberger a t  the  a 
department of Physiology a t  Fribourg one a sample of cow's aorta we undertook a 
determination of these four rnoduli.But having only two equations a t  our disposal,  - 
we had  to  make the additional hypothesis of constant volume fo r  the wall material 
in order to obtain a third one. In rea l i ty  the problem remains undetermined, but @ 

nevertheless we were able to draw with a high probability the following useful 
-- - - - - - -  - - - - -  - -  . 
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_ i ' a n i s o t r o p i e  des a r t e r e s  
2 

Ang io log ica  (Basel) 4 :  129-146,1967 

r -- 
Abs t rac t :  cont inued c o n c ~ u s i o ~ s :  

. - 
--- 1  ,The t ransversa l  modulus o f  e l a s t i c i t y  IS about t h r e e  t imes g r e a t e r  than the 

? -  a 3 I 

l o n g i t u d i n a l  one. 

- @ !  

L 2 inodul i j ncrease simul taneously  w i t h  i n c r e a s i n g  i n t e r n a l  p ressure*  

*- 

- -  

ad-- 3 , ~ ~ i ~ ~ ~ ~ ' ~  modulus r e l s t e d  t o  l o n g i t u d i n a l  s t r e t c h  i s  f a i r l y  constant  and i t s  - - @ 
va lue  i s  approximate1 v 113. 

- 4s a  f i n a l  c o ~ ~ l ~ ~ i o n  ~e  have t o  p o i n t  o u t  t h a t  t h e  e x ~ e r i m e n t s ~ b a s e d  on i n t e r n a l '  C I ' -- pressure r i s e  on ly  a re  n o t  s u f f i c i e n t  f o r  a  complete d e t e ~ i n a t r o n  of fou r  
0 

i 1- co,,tants. They have indeed t o  be completed by o t h e r  expenments based on a  
1 

2-'- d i f f e r e n t  p r i n c i  p l  e. 
e0 
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- 0 Landowne , M i  1 ton 
:- . Cnaracter is  t i c s  o f  Impact and Pulse Wave Propagat ion i n  B r a c h i a l  and Radial  

A r t e r i e s  ; .  
J. Appl. Pnys io l . ,  Vol. 12, No. I . ,  pp. 91-97, 1958 

' 5 .  
'_ I S T R A C T :  E x t e r n a l l y  induced impact waves may be propagated a long t h e  l i v i n g  - a r t e r y .  Sucn t r a n s i e n t s  are o f ten  fo l lowed by a  " f ree  v i b r a t i o n , "  which, w i t h  

adequate r r c o r d l n g ,  e x n i b i  t s  a  n a t u r a l  frequency o f  the o r d e r  o f  30-45 cyc les  
p e r  second and o f ten  appears underdarnped. These t r a n s i e n t s  a re  m d i f i e d  i n  - 
transmission over  the b r a c n i o r a d i a i  a r t e r i a l  segment. The v e l o c i t y  o f  c 
i r p a c t  waves, 1 i k e  the v e l o c i t y  o f  c a r d i a c  pu lse  waves, i s  p ressure  dependent. 

l -  * 
This relation fias been analyzed i n  d e t a i l  f o r  a  group o f  males. I n  genera l ,  t h e  - coange i n  v e l o c i t y  w i t h  pressure i s  l a r g e  i n  comparlson t o  d i f f e r e n c e s  b e b e e n  

- a - - i n d l v i d u a i s  a t  the Sam pressure. An averaged r e l a t i o n  between pressure ( p )  mn 
rig, and v e i o c i  t y  j v )  m/sec., f o r  94 sub jec ts  i s  g iven  as v2 = - 3 2 7  i 19) + 
(4.9 i . 4 ) p - (  .so83 i .0018)p2. From t h i s  d e s c r i p t i o n ,  t o g e t h e r  w i t h  s t a t e d  assump- 0 
t i o n s  about the i n t e r p r e t a t i o n  o f  wave v e l o c i t y  , the pressure-volume r e l a t i o n  o f  ; 
t h i s  a r t e r y  i s  developea. From t h l s ,  and s t a t e d  d imensional  assumptions, a s t r e s s -  
s t r a l n  curve i s  presented. The e q u i v a l e n t  modulus o f  e l a s t i c i t y  i s  c a l c u l a t e d  0 to  be 0.1 - 3 . 4  x 1 0 :  dynes/cm2, f o r  the type o f  s t r e s s  used i n  these s t u d i e s .  

e The v e l o c i t y  o 4  impact waver a t  d i a s t o l i c  p ressure  i s  snown t o  be greater than 

t11e v e l o c \ t ~  o f  ca rd iac  pu lse  waves. - .  - - 
8 
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; 0 -- Q _ LANDOWNE, Mi 1 ton 2 .  

-; A Method Using Induced Waves to  Study Pressure Propagation In Human Arteries I 

. Ci rcul a t i  on Research 5 ,  594-601 , 1957 - 
2 -  

- I - --- 
F Abstract: This report describes a method for  u t i l i z ing  external ly induced impacts 0 

- as a means of studying the propagation of pressure waves in i n t ac t  human a r t e r i s .  - -  
-: - Because i t  is  a new method i t s  description i s  prefaced by a brief presentation of 0 

- s  several factors relevant to wave propagation in living vessels;  the description 
-- 

, a i s  followed by a c r i t i ca l  evaluation. - c 
1 -  @ - 
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Lan i r ,  Y .  and Fung. Y . c .  1 3 ~  --- l / 
• - -  

Two-DimenSiona1 Mechani Propert ies o f  Rabbi t  Sk in- - I .  Experimental system, ; 

l 
J.Biomechanics, V01.7~pp.29-34, 1974 
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l LAWTON, R . W .  
l - The thermoelast ic  behavior o f  i s o l a t e d  a o r t i c  s t r i p s  o f  t h e  dog. 

-@A 
C i rc .  Res. 2 :  344-53, 1954 

l -1.. 
ABSTRACT: A de ta i l ed  thermodynamic study o f  i s o l a t e d  s t r i p s  o f  dog ao r ta  i s  '=- 

-2 , I  e ' basic t o  the  i n t e r p r e t a t i o n  o f  the non l inear  and apparent ly  r u b b e r - l i k e  e l a s t i c  5 , 
@ - ?  behavior o f  such specimens. Experimental data i n d i c a t e  t h a t  the  r e t r a c t i l e  force .- 
@ i n  i s o l a t e d  a o r t i c  s t r i p s  o f  the  dog i s  en t rop i c .  Volume changes w i t h  e longat ion  . --  ' 
l - 1  i n  such s t r i p s  are n e g l i g i b l e .  However, a  l a r g e  nega t i ve  i n t e r n a l  energy contt- i-  -- c- 
l 7 bu t i on  t o  the  t o t a l  f o r ce  i s  present a t  smal l  e longat ions .  Studies o f  a o r t i c  2 . .  g 

'-- s t r i p s  ex t rac ted w i t h  a1 k a l i  suggest t h a t  the l a t t e r  f o r c e  a r i ses  from the  r: 

.& 
: 

- -  e l a s t i c  t i s sue  i t s e l f .  i 

-- 
5 -  . I 

l : 
': "0 - 

: @ 1. C = -  , 

l -2 C. j. 

l -:, I:. e r- i :.-+ - :- • - l 
r 

1. - ,: . -. 
, . - - - - . - - -. - - - - ,T ,. -,-- - --.- - -- , : 0 

' e  1 I /. 0 

0 0 ~ e 0 0 e . . ~ . e . o e e e e e ~ O e e e e e a . e e e e e ~ ~ ~ ~ ~ ~  
-. -- - -- --- - -  -- - .. - ----.- -- . -7 "'---.-- - . .  .---... 



I 
I 

-----+-- - -*a. -.-- ..- --- -*---.*-A 

f ( @ @ @ a a @ 0 ~ 0 @ @ ~ 0 u @ ~ @ @ a @ @ ~ @ ~ a ~ @ a e a @ ~ O r ) U 8 ~ ~ O  
' 0  . - - - - - - - - - - - -  --- - , Li-- --...-_-- . - - a  @ 

1 -L, Lawton, R ichard  W., M.D. 
9 

0 - - ~ a r i a b i l i  t y  of t he  V i scoe las t i c  Constants Along the  A o r t i c  Axis o f  the Dog --- I a 1  
@ - A  C i r c u l a t i o n  Research, Volume V I I I ,  pp. 381-389, 1960 
a -:I 

- @ \  fi- 
A. 

- - 
ABSTRACT: This r e p o r t  presents a s tudy  o f  47 a o r t i c  s t r i p s  f rom 34 mongrel - • 

- dogs, us ing  a p o l y w r i c  model. A s t a t i s t i c a l  ana l ys i s  o f  the v a r i a t i o n s  E 1 a f l  - e ;  - i n  dynamic e l a s t i c i t y  and damping which occur  w i t h  l o c a t i o n  a long the a r t e r i a l  
- ax i s  and dur ing  s t r e t c h  and r e t r a c t i o n  o f  a o r t i c  s t r i p s  i s  presented. - .  • 

C-2. The a p p l i c a t i o n  o f  e las tomer ic  theory  t o  the s tudy  o f  t he  v i s c o e l a s t i c  - a 
1 ' p r o p e r t i e s  o f  the dog's aor ta  shows t h a t  t h e  same value o f  the e l a s t o m r i c  para- C 

-' meter 6 nay be used t o  descr ibe the  e l a s t i c  behav ior  o f  ao r ta  s t r i p s  under bo th  
& s t a t i c  and dynamic cond i t ions .  The v a r i a t i o n s  i n  t he  parameter 6 and the  1 -3 damping f r a c t i o n  y WI t h  the s t r i p s  l o c a t i o n  may be d i s t i n g u i s h e d  o n l y  t o r  the  -- 

a 
- 9 

I extremes o f  the cen t ra l  a r t e r i a l  ax i s  because o f  t he  wide v a r i  a b i l i  t y  o f  mechani- .- 
I c a l  p rope r t i es  among dogs. The v i s c o e l a s t i c  p r o p e r t i e s  apparent ly  do not cor re-  1 @ 

--+ 

l a t e  w i t h  the measured geometric p r o p e r t i e s  o f  the  unstressed a o r t i c  s t r i p .  - = 0 
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Lung E l a s t i c i t y  t? z 8 '  
I n :  Biomechanics: I t s  Foundations and Ob jec t i ves ,  Fung, Perrone, An1 i ker,eds. I:- --- a ; 

Prent ice-Ha l l  ,ioglewood C l i f f s ,  N . J . ,  Chapter 14, pp.317-335, ,972 - - :- * - : Abstrac t :  (sumnary) There i s  nerd  f o r  development o f  techniques and theopy, : < - 
for  measurement and d e s c r i p t i o n  i n  every aspect  mentioned above, and f o r  : 0 

-?% c o r r e l a t i o n  o f  s o l i d  and s t r u c t u r a l  mechanics w i t h  o t h e r  biomechanical, - -  a - phys io log i ca l ,  and pa tho log i ca l  aspects o f  t h e  lung,  We hope t h a t  t h e  . - : *  a .n m a t e r i a l  contained i n  t h i s  chapter  may serve t o  c l a r i f y  and t o  emphasize such -:, a need. ? 
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j e n - ~ h j  h ,  r r a s h e r ,   all ace G. , and Fung, 'fuan-Cheng k3 • ' 

- ho-[limnsi ona ~i ,,i t e  &formati on Exper imrnts  
on Dog's Arteries and veins e : 21. a 1 k4 

.-I AFSOR s c i e n t i f i c  Report 67-1980 29 P b  EL* \ 
-:I ,?I. I 

Y , ABSTWIO: vast 
data on the  b l o o d  vessel  were obtained 

, either in e19ngat.on 
or i n  s imp le  i n f l a t i o n ,  b u t  n o t  simultaneous1Y 'Y I - 

-- finite defomt,ons, 
data are i n s u f f i c i e n t  t o  fo rmu la te  a three-dimnsiona1 -- 

StTeSS-stTain law even ,f was presented 'jth- ' t h e  mate r ia l  i s  i s o t r o p i c  and i n c o m ~ r e s s ~ ~ ' ~ .  They are ' ' ' e -:I 

also subject to tne b a s i c  Cr i t j t j~. t h a t  t h e  Young's m d u l u s  -, c 4  
-, reference to 

t h e  s t r e s s  l e v e l s  a t  which t h e  mOdulus was Since - 

, the blood 
a re  h i g h l y  n o n l i n e a r ,  t h e  Young's m d u l u s  for a specimen A <  

i varies c o n t ~ n u o u s ~ v  from a l m s t  zero a t  t h e  undefomed state a large 'Ina1 • 
and a statewnt the w i t h o u t  t h e  level is --- a 

prupose of t h e  e x p e r i m n t s  "por ted  i n  the preen' paper --- @ I  

i . - - these d i f f i c u l t i e s .  The tests consist Of  scheme 
( I '  a .r 

@ 1' 
,ongi tudinal stRtc.,ing w h i l e  

t h e  d iameter  of the v e s s e l  was maintained* 

; a diStenllOn the  l e n g t h  o f  t h e  vessel  f i x e d ,  ( 3 )  re'axation ' 
• a t  fixed ( 4 )  

d e f o r m a t i o n  Two Lagrangian (stresses - 

based on the vessells undefo rmd 
s t a t e )  and two extension ratios are used to . 

8 - 
the s t a t e  

o f  t h e  vessel under a symetric loading' The 
I in the and the  dependence of t h e  stress On the strain-his- 

8 tow i s  demonstrated. 
- - - - - 

0 . - - - - -  0 



: 
i 
I 

I 

I 
- - - A -  - -- - - -  - - - - -  -. - " ---.------- 

~ @ ~ ~ O ~ . ~ @ W ~ ~ @ J @ @ ~ @ ~ @ ~ O @ ~ ~ O ~ ~ ~ O ~ ~ ~ ~ ' . ~ ~ @  1. - -:A--- - - - -- - - - - - --L- ---- 1 _ _ _ _- 
- _ __ - - - - --  - _ _A - _ - 

1 e e  ----- 
I - a 

LEE, J.S., Frasher, W .G. and Fung, Y.  C .  

.: comparison o f  E l a s t i c i t y  of an A r t e r y  i n  v i v o  and i n  Exc i s i on  
- . 

J .  Appl . Phys io l  . 2 5 ( 6 ) ,  799-801, 1968 
1 * 

8.1 -- 
:- a 1 - -- 

--, Abst rac t :  A simple method o f  measuring t h e  e l a s t i c i t y  o f  an a r t e r y  i s  presented. o 
2 

A segment o f  an a r t e r y  was anchored a t  two ends and plucked a t  t h e  midd le  i n  t h e  : 

- 1 manner o f  a s l i ngsho t .  The fo rce  o f  p luck ing  and the  d e f l e c t i o n  of t h e  m idpo in t  
- were measured. The r e s u l t s  show t h a t  t he  e f f e c t  o f  c u t t i n g  an a r t e r y  on i t s  - 

,. - -- - e l a s t i c i t y  i s  small.  2 -  -- 
I a - -  :. c. 

.r 

e f f e c t  o f  c u t t i n g ;  s l i ngsho t ;  p l u c k i n g  :- r; 

• -:- :r a .-- 
3:;- 1:- w- 9 ; 

1 5 -  l : 
b 
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k. a 
1:- . 
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- Fedr.Proc. 24:6,  1432-37, 1965 . -: 
..Z Abstract :  
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.I Lehmann ,Justus F .  ,blarren, C .Gerald ,Pemberton ,Donald R . ,  Simons ,Bernard C. and , , ' i DeUateur ,Barbara J . hb @ I 

earing Function o f  Patel lar  Tendon Bearing Braces of Various Designs 
hys .Med.Rehabil . 52:366-70, Aug. 1971. 

CT: lit! I T E ~ ~ u T ~ : ~ . : c : ~  discussed in th i s  paper have shown tha t  the shell  
which re1 ieves skeletal weight bearing incorporates a r ig id  closure. The long 
even though i t  does not contribute to the weight-bearing function of the brace, may::. @ 

de maintenance o f  a1 ignment of the skel eta1 s t ructures .  The greatest  increase 
e wieht-bearing function of the brace was obtained by raising the shell  so ;:-, < 
the heel ci eared the shoe by 1 inch. A fixed ankle design combined with a is!> o 
sole plate extending to the metatarsal heads provided greater weight 1; ... 8 I i 

ng  than free ankle desings, including the cable ankle jo in t .  Maximal weight giJ- ; n g  was obtained with a fixed ankle design, 1-inch heel clearance and addition -:j.---- 
ining to use the weight-bearing areas of the brace optimally and avoid the L- @ ! 

active pushoff .Even though rocker-bottom designs combined with a fixed ankle pro- 0 
vided the best weight-bearing function of the brace throughout the stance phase, @. o : 
these desicjns had the severe drawback of being basically unstable and produced an 
abnormal ga i t  pattern. 
Even though this  paper has provided quant i ta t ive information on the weight-bearing - 
function of various designs and adjustments of PTB braces, no information was ob- @ : 

d regarding the amount of weightbearing tha t  nay be optimal in c l in ica l  use. 1g.2 @ , 

- ; > " I . :  $ e , -  1 -  63 I 

'.-.--.--7..-. 7.- .  r.*-. . .. -- v..--zw- .,.7a*r;r*.l,, - , . . ,. , . .., , *ryr-z------ . -.. 

. . . ' .... .-1->u. .- .. ., * r r i r & . , * P u u ~ - -  - 
~ ~ Q ~ ~ Q c ) @ o ~ c o o ~ Q o ~ o ~ o @ @ I ~ ~ @ @ ~ o ~ ~ o ; o ~ Y o ~ ~ @ L ~ ' @ " .  

I ? 

@ ., .:: :---' : : - ',- , , - - - . . .. ,. fl ,J-.7--- ' &:--.>- ' 
3 2  , 1 ,  : . , : : -j% ~ ~ ~ ~ . & ~ I ~ ~ { ~ i ~ ~ ~ T r ? : T l ~ ~ ~ L ~ ~ L ~ ~ - ~ - L - ? ~ ~ ~ l  A 1 7 ! z r-r 1 e.- ' - ... - . .. . . . - L - - A : - L  -.-. 

c :  Abstract (Cont'd): i:j. 0- ' 
L-4 i 
;:;!+ @ 1 , :,, 

I t  i s  conceivable t h a t  in some of these cases the brace which maximally relieves .! Q I 
8 !1 the skeletal w e i g h t  bearing may not lead t o  optimal c l in ica l  resul ts .  ,:. - a . . . .- . . . 
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Compliance o f  the Left Ventricle 
Circulation 46: 423-6, Sept. 1972 
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14W, Hyok Sang 1:- - 
' tlectw-Tension and Torque i n  Biological Membines Modeled as a Dipole Sheet in  ' L Fluid Conductors. ? -  

5 Y ,  Biomechanics, 5:4, 399-408, 1972 *a ! 
@ '  

0 - Abstract: The act ive transport process produces an unequal ion concentration .- 
-3 across the biological membranes and thus creates a difference in  the electro- 1 0  

s t a t i c  potential across t h e  membrane. The e l ec t r i c  f i e l d  i n  the membrane re- . .  0 
' sul t ing from the membrane ootential should create e l ec t r i c  charge polarizations - 
-F in molecules const i tut ing the  membrane. The e lec t ros ta t ic  force on these - c- 
: po1arizat:on charges buried in the membrane s t ructure can r e su l t  in a tension - . 

@ - and torque in a curved membrane. In t h i s  study, a thin membrane bearing a I 
ser ies  of parallel l i ne  dipoles,  which separates two fluid conductors 0.: - 

'--! :+i:'irent e lec t ros ta t ic  potent ial ,  i s  analyzed as a two-dimensional model of - 0 

' biological membranes. The resul ts  of the analysis show tha t  such a membrane @ ' possesses a tension and torque resulting from the  coulombic interact ion between 
- -  e l ec t r i c  charges in  the membrane as well as w i t h  charges outside the membrane. 

This indicates tha t  biological membranes can have a tangential strength which - 
6- can support a compressive tangential force, and a bending s t i f fne s s  which can a 

- stipoort bn  externally imposed bending moment. The expresslon of the electro-  
b e n d i n g s t i f f n e s s o ~ t a i n e d i n t h i s s t u d y i r a p p l i e d t o t h e b i c o n c a v e g e o m e t r , Y ~ f  0 - 
red blood ce l l s  and t he i r  sphering process. 

- .  . - _ - - _ - . - . I- - . 
I 
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- L E V I N  ,A .  and Wyman, J .  

. / 
. .  The Viscous Elastic Properties of Muscle 

- Proc.R.Soc. 8101,  218-243, 1927 .? 
- Abstract: -: - I -  
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iewartowskj ,Bohdan, Sedek , Grzegorz and Okol  Anna p .i 
Direct measurement of  tension within l e f t  ventricular wall the hear 

-- - -  e 1 

cardiovascular Research 6: 28-35, 1972 . - 2  
L2- 

J- 

! 
• -: Abstract:  method of  direct  measurement of tension within the lef t  'en'ri- 

- cular  wal l  of the open-chest dog i s  described. Stress i s  calculated from the re- - -  ' 
7 . 

cords and the wall thickness; the resul ts  are w i t h  those - 
- \ obtained by using the formulas published in  the literature' 

2 < 
:- . 
C :J . - ' z -  1 

L- 
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LEYTOfi, R. A .  and Sonnenblick, E, H. 6. i 

5i 1 3 The as the of Star l ing 's  Law of the Heart in  the Left and ~ i ~ h ~  + j Ventricles. ;I- • t 
4 Methods Achiev. Exp. Pathol. 5:22-5g, 1971 LC- . :I &. . 
i 

;> < ' -' Abstract: ( fm  Introductfon) Recently, important advances in eva lua t ing  cardiac 3 
-03 funct ion have been derived 'from the realization that  the perfonance of t h e  heart  , 

- : as a pump upon the contract i le  ac t iv i ty  of the heart as a muscle, s ince . the en t i re  organ ref lects  the s u m t e d  and integrated func t i on  - 
- of i t s  individual contract i le  elements, investigations of cardiac muscle tra- - ' -: structure i n  conjunction with quantitative stlldies of cardiac muscle physiology - 3 - have been conducted. This a r t i c l e  will review certain aspects of th i s  

-: - , 1 l a )  the  ul t rastructural  basis o f  the Frank-Starl i ng  mechanism, where increased f iber  length engenders an increased force of contraction; ( b )  t h e  
ultrastructural basis of such aspects of ventricular function as the rel a t j  ve a 

between stoke volume and end d i r s t o l i c  volume in  a range - '- of species ; and ( c )  the u l t ras  tructural correl a t e ~  of ventricular d j l  atation and cardiac fa i lu re .  . - . . :- . , * 

a :. . 1 
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- Lieberman, David A., Faul  kner ,  John A,, Cra ig,  A l b e r t  B, J r . ,  and f laxwel l ,  Leo C. !. ' 
-r Performance and h is tochemi  c a l  composi t ion o f  gu inea p i g  and human diaphragm i . 0  I , 

J. Appl. P h y s i o l . ,  Vol.  34, 140. 2 ,  pp. 233-237, 1973 -=I : .  I 

- - +- 1 I!' . 
-2 RBSTRACT: Our purpose was t o  r e l a t e  t h e  f i b e r  conposi t i o n  o f  t h e  diaphragm t o  T a .: - t h e  d e c l i n e  i n  maximum t e n s i o n  and i t 1  maximum v o l u n t a r y  v e n t i l a t i o n  (MVV) o v e r  
- t ime. I n  i s o l a t e d  guinea p i g  d iap~i ragm, t r i ree  f i b e r  types were c l a s s i f i e d  and - - t n r e e  types o f  f a t i g u e  observed. An i n i t i a l  r a p i d  d e c l i n e  i n  t e n s i o n  cor res -  

- 
i 

ponds t o  t n e  area o f  t i l e  diaphragm composed o f  l o w  o x i d a t i v e  f a s t - t w i  t c h  (LFT) 
-$  f i o e r s  and a subsequent s l o w e r  r a t e  w i t h  t i le  percentage o f  n i g h  o x i d a t i v e  f a s t -  - C 

I A t w i t c h  (HFT) f i o e r s .  Tne percentage o f  maximum t e n s i o n  m a i n t a i n e d  a f t e r  20-30 -- 
a 

- f  min o f  s t ~ m u l a t i o n  c o r r e l a t e s  w i t h  t h e  percentage o f  n i g h  o x i d a t i v e  s l o w - t w i t c h  I 

HST) f i b e r s .  Seven rneri per formed MVV t e s t s  o f  f r o m  15 sec t o  5 n i n  d u r a t i o n .  
+-- 

i n  t e s t s  conducted f o r  1 min, MVV i s  82% o f  t n e  MVV a f t e r  15 sec. 140 f u r t h e r  i 
-I decrease occurs i n  t e s t s  a d m i n i s t e r e d  f o r  5 minutes. I n  human diaphragm, 76% : . . i o f  t n e  f i o e r s  a r e  HFT and HST. Our d a t a  a re  c o n s i s t e n t  w i t h  t i l e  hypo thes is  t h a t  - 
--:- a r e l a t i o n s n i p  e x i s t s  between muscle performance and h i s  tochemica l  c h a r a c t e r i s  t i c s  

@ i n  gu inea p i g  and numan diaphragm. 
• -; r 

-: 
muscle f a t i g u e ,  maximum v o l u n t a r y  v e n t i l a t i o n ,  s k e l e t a l  muscle f i b e r s ,  s u c c i n i c  '- 
a c i d  dehydrogenase a c t i v i t y  , m y o f i b r i l l a r  ATPase a c t i v i t y  g. 3 rjJ 

4 a. . ,,4 <. 

-- --- - --- - - ----,-Ad --- - "-.- 
j m m . . m e * . . d ~ m o ~ ~ m m m m m o m m o o m a ~ ~ a e e ~ J ~ ~ ~ a  

- -- --- - - - - -  - - - --- 
- -  -------- . L I  >, 7-<7:- - ~ e ~  , 

- - ,  4 , 7 V F T ; )  ; ; ,  3 @-a 
@ - 1  -- 

: - a ,  ; L i f e ,  J e f f r y  S .  and P ince ,  Bruce W .  .-. , 
'I. _ ; Response o f  t h e  Canine H e a r t  t o  T h o r a c i c  Impact D u r i n g  V e n t r i c u l a r  D i a s t o l e  e 

- and S y s t o l e  .': J r .  o f  Biomechanics, Vol .l No.3, 169-174, 1968. b- I 
0 -: k? I 

-- ,:,. a i 
* - .  

- 1 A b s t r a c t :  T h i s  exper iment  was performed t o  de te tm ine  i f  c a r d i a c  i n j u r y ,  as a r~ , 
-: consequence of t h o r a c i c  impact ,  i s  r e l a t e d  t o  t h e  c o n t r a c t i l e  s t a t e  o f  t h e  myo- '< , j cardium a t  t h e  t ime o f  impac t .  A 

- -  
Twenty-s ix  male dogs (20-25 kg)  were a n e s t h e t i z e d  and impacted a t  v a r i o u s  2 0  

@ - t imes i n  t h e i r  c a r d i a c  c y c l e s  u s i n g  a v e r t i c a l  impac t  e n e r a t o r .  The r e s u l t s  ' f  
1 i n d i c a t e  t h a t  v e n t r i c u l a r  i n j u r y  i s  dependent ( i n  p a r t y  on  t h e  c o n t r a c t i l e  s t a t e  - 

@ - E o f  t h e  v e n t r i c u l a r  myocardium a t  impact .  I n  a l l  cases o f  v e n t r i c u l a r  r u p t u r e ,  : 
t h e  myocardium was i n  t h e  h i g h  p ressure  phase o f  t h e  c a r d i a c  c y c l e  ( i . e .  s y s t o l e ) .  
N e i t h e r  r i g h t  n o r  l e f t  v e n t r i c l e  showed gross p a t h o l o g y  i f  impac t  o c c u r r e d  d u r i n g  . - . - t h e  l o w  p ressure  phase o f  t h e  c a r d i a c  c y c l e  ( i . e .  d i a s t o l e ) .  -. 
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1 -A- - - -  - - -  - _- ' ' - Lit t le ,  Robert C. ' - Dynamics of Stress Relaxation in Skeletal Muscle 
! Am. J r .  of Physiology, Vo1 ,217, No.6, 1665-1671, Dee. 1969 

-.- :- 
1;- i 
I I-@-d Abstract: The frog gastrocnemius was subjected to a quick sustained stretch to - -  . 

. various lengths. Muscle tension was followed for 5 min, In some experiments, 'f 
7 periodic isometric contractions were produced during the period of stress re- - @ 
- laxation. Analys~s of the data permitted construction of an average stress-strain 

-@ -; curve that represented the elastic elements of the auscle before and af ter  stress ' . relaxation. This plot also suggested t h a t  shortening of the elastic element of :+ 

e the muscle occurred because of movement of two different viscous units. The con- . - 
1 - -  traction response followed a characteristic course a t  a l l  levels of stretch. :- 
- I t  increased during early stress relaxation, reached a peak,and then fel l  during --. 
,' - the terminal poststretch period. The gastrocnemius muscle showed a postcontraction - 
i " s l i p "  i n  tensign during the early poststretch period. This was related to amount . 

'@ 

' -.of stretch and time af ter  stretch. This data permitted deduction of changes i n  -: > ,sarcomere length during stress relaxation. A muscle model was suggested that :- W 
:contained two viscous elements with different time constants. One of these I elements may be associated with the tendon. 

E'- (E - " r . 1 -  - - 
r, , .qi-e --a ; r i : ~ ' b - 0  1 6 ~ z c z  1 r f E . z i e d ~  ' 
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4 

nk:  Their Implications in ' 

:,. e - .  - Abstract: In order to implement a new generation of mathematical mdels and . 
1 a 1 - manikins being developed to study the response of the human body to acceleration , or impact, the inertial properties of the body need to be known to the degree 

-- - of detail required by these models. As of now, the inertial properties of the - 
@ 2 body are knohn only in meager detail ,  and then only for the limbs and the torso - C - as a whole. Since each o f  these recent models requires a knowledge of the dis- !- -" @ - tribution of these properties, a program to acquire this data was initiated. 

3 1- An unembalfied male cadaver of medium height and build was obtained and . - 
quick-frozen. Tne intervertebral discs were located by means of X-ray and 4 @- .r :- - - 0 

i : *  transverse cuts were made through the cadaver a t  each disc. The mass, center - 
of mass, and  rass moments of inertia about the three principal axes were then 

J. 0 @ - detemined fcr each segnent. ? a  
' @  - - These inertisl properties were then used as the input for a previously 

- developed mathematical model of spinal response to impact. The specific . - 
.. i . situation studied :s t h a t  of seat ejection in high speed aircraft .  The results -:. 

provide a n  exolan2tion for the h ~ g h  incidence of fracture sustained by the 
lower-thoracic vertebrae during this maneuver. : a '  1e - 

I @  -- - - -  - - . -- - . - . . - -- - -. 

- 8 '  
] . 0 ~ 0 0 ~ @ @ 8 8 8 9 0 . ~ 4 8 ~ @ @ @ * @ 0 @ @ ~ 0 0 @ @ @ @ @ @ @ @ r ) B  - 

2-? 



- . - - - -  - -  d - - -  - -  - -- + .-.- -.- -.--.. 

~ a a a a a ~ a e ~ a e e . ~ e a a a a e a e e ~ a a e ~ a ~ a a ~ ~ o a ~ , a  
I -  . - --  I ' - 1 I 

- 0  - - I .  - .  - -1_---Ut7 ' , ,  - a e  
; e  : 0 

Lowenhiel ,Peter 31. Q I : .: On t h e  Mechanism o f  C o r t i c a l  B r i d g i n g  Yeln Rupture :. 
a -;. Proc. I n t e r n a t i o n a l  Conf.  on the  B i o k i n e t i c s  o f  Impacts, Amsterdam,Jun 26-27,1973 

C,--- 

\ @ + Abstract :  A common head i n j u r y  i n  c a r  crash v i c t i m s  i s  r u p t u r e  o f  t h e  parasagi  t t a l  @ 

l 1- b r i d g i n g  ve ins .  These r u p t u r e s  a re  n o t  o n l y  seen a t  t h e  su r face  o f  t h e  b r a i n ,  b u t  @ 

a . also  i n  the  depth o f  t h e  convo lu t ions  i n  the  gray and t h e  w h i t e  mat te r .  The cause : c - 
l - of these deeper r u p t u r e s  has been obscure and has been described as g l i d i n g  con- 0 
- -- a . tus ions.  I n  o r d e r  t o  e x p l a i n  t h i s  t ype  of i n j u r y  t h e  dynamic p r o p e r t i e s  of the  -i--t) 

b r i d g i n g  ve ins were i n v e s t i g a t e d .  The r e s u l t s  i n d i c a t e  t h a t  the  e longa t ion  -. 
2 -  8 

A. capac i t y  o f  t h e  vessels  i s  s t r o n g l y  dependent on the  e l o n g a t i o n  r a t e .  Thus, a t  
l , s t a t i c  l o a d i n g  t h e  e l o n g a t i o n  may be more than 100% w h i l e  a t  e l o n g a t i o n  r a t e s  a t  1 @ 

about 500 sec-' t h e  e l o n g a t i o n  c a p a c i t y  i s  reduced t o  20%. The de fo rmat ion  of t h e  - -  O 
I l - I  b r a i n  c lose  t o  t h e  b r a i n  s u r f a c e  i s  cgnsiderable,  when t h e  head i s  sub jec ted  t o  . @  

*- angular a c c e l e r a t i o n  and w i l l  e longa te  t h e  b r i d g i n g  ve ins  more than  20%, thus - t -  Clr : -i causing rup tu re .  - 
4 
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L szczarz,  Jerzy 
~ ! i ~ s i c a l  P r o p e r t i e s  o f  t h e  Lungs and T h e i r  C o n t r i b u t l o n  t o  t h e  Regu la t ion  o f  t h e  

- Resp i ra to ry  Cycle 

Acta Phys io i  19:441-46,Jul-Aug.1968 ( P o l ) .  

- Abstract :  Th is  paper i s  a d i s c u s s i o n  o f  t h e  p r i n c i p l e s  govern ing  t h e  mechanism :- i 

- r e g u l a t i n g  t h e  r e s ~ i r a t o r y  f u n c t i o n  u s i n g  t h e  knowledge o f  r e s ~ i r a t i o n  mechanics. 7.- . , 
The dz ta  o b t a ~ n e d  on the  r o l e  o f  economic f a c t o r s  i n  t h e  r e g u l a t i o n  o f  t h e  

- - 

- - r e s p i r a t o r y  c y c l e  seem t o  i n d i c a t e  t h a t ,  1  i ke many o t h e r  r e g u l a t o r y  processes 
- . 

occur ing  i n  l i v i n g  organisms, t h e  v e n t i l a t i o n  process i s  a l s o  s u b j e c t e d  t o  -. < 
economic requi rements.  Never the less many f a c t s  s t i l l  remain u n c l e a r  and do n o t  

- 

3 - a l l o w  t~ view t h i s  problem i n  a w ider  aspect  t h e  l a c k  o f  knowledge o f  t h e  energy -= 
expendi ture f o r  t h e  r e s ~ i r a t o r y  a c t i v i t y  i s  a  se r ious  gap i n  t h i s  respec t .  Data T -. 
are a1 so l a c k i n g  as regards r e g u l a t i o n  i n  v a r i o u s  p a t h o l o g i c a l  condi  t i o n r  , n e i t h e r  

@ are the  pathways known by which t h i s  r e g u l a t i o n  i s  e f f e c t e d .  
:- 

-* 

C .  : e l  
- 

;- i i - -  - 
- .  :. I 

e - a ' 
1 .  . . - - . - - - - 
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Lyszczarz,  Jerzy z • / - Mechanical P r o c e r t i e s  o f  the  Lungs :- 4 

F 

- Acta Phys io log ica  Polonica,  Vol . X X I I  ,No.3, Suppl,2,469-480,1971 (POL) ,; • j 
'i- - :- J 

--4 - A b s t r a c t :  Th is  paper con ta ins  a d iscuss ion  o f  t h e  mechanics o f  r e s p i r a t i o n  and - - - 6 
a rev iew of the 1 i t e r a t u r e  on t h e  s u b j e c t .  The mechanical p r o p e r t i e s  o f  t h e  lungs '5 - . 

- + i n  man and rnzmmalr a re  assessed on t h e  b a s i s  of knowledge o f  t h e  V / P  r a t i o n  
- which expresses t h e  ac tua l  compl lance o f  the  lungs.  Th is  r a t i o  may $Adergo -- . 
- va r ious  changes i n  r e l a t i o n  t o  t h e  fac to rs  causing these changes. When the  r e -  :--@ 

s p i r a t o r y  movements increase cons jderab ly  t h e i r  ampl i tude t h e  curve o f  V / P  < I forms a l o o p  c a l l e d - - t h e  l o o o  of s t a t i c  h y s t e r e s i s  which r e y l e c t s  t h e  i n f l t l n c e  C. 
i , o f  sur face forces on the  mechanical p r o p e r t i e s  o f  the  lungs.  The a c t i o n  o f  these 

- f o r c e s  p lays  a l s o  an impor tan t  r o l e  i n  changes of compliance produced by c e r t a i n  -- 
- o t h e r  f a c t o r s ,  such as pulmonary edema and anesthesia. S i m i l a r l y ,  t h e  mechanical -- 

- . obstac les  i n  a p a r t  of the b r o n c h i a l  t r e e  have a cons iderab le  i n f l u e n c e  on t h e  - 
0 c o m ~ l i a n c e  which decreases then ~ a r a l l e l l y  w i t h  i n c r e a s i n g  r e s p i r a t o r y  r a t e  r e -  -' 

- t u r n i n g  t o  noma7 l e v e l  a f t e r  severa l  seconds o f  b r e a t h - h o l d i n g  i n  i n s p i r a t i o n .  
' < 

I 

Of a l l  s t r u c t u r a l  elements af t h e  lungs t h e  f i b r i l l a r y  elements have t h e  ' . '---.greatest r o l e  i n  t h e  compl iance- -espec ia l l y  t h e  e l a s t i c  f i b e r s - - w h i l e  t h e  co l lagen  i ~ .  
- f i b e r s  and mucopolysaccharldes inc rease  p robab ly  t h e  compactness o f  t h e  stroma 

2 , coun te rac t ing  mechani ca l  i n j u r i e s  . Other s t r u c t u r a l  elements are, probably ,  - 
- w i t h o u t  g r e a t e r  importance. I ?  @ , 

k 
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- 
- MacCanon, D . M . ,  Bruce, D . W . ,  Balfus, J ,  and Argano, 8.3. r .. 8 
_ -  An In t r ape r i ca rd ia l  Ventricular Mural Tension Gauge -:, 

J .  Appl. Physiol .  2 5 ( 3 ) ,  322-323, 1968 ; 6 
7 

-- :I- ( 
i 

-.- Abstract: A t h in  f l a t  f l e x i b l e  myocardial wall tension gauge has been devised :-- e 
by seal ing a f o i l  gauge in  a p l a s t i c  envelope. The device responds 1 inear ly  :- 0 

-: -. t o  longitudinal  s t r e s s  and permits closure of the  pericardium over the gauge. f j 
f . q- @ i 

Cardiodynarni c s ;  wall tension 

--- - - -- 
@ @ @ @ @ @ @ @ 0 @ @ @ @ d @ @ @ @ @ O O ~ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @  

- .  - - - - - - - - ----- - - - ---- 1 - 2 2  I r -  
I - --- , - - - 5  2 , , : 3 ,  - , - -7-+77-h-T5, I 1  ;,, 9 ,  9 ,  7 ,  D l  5 4 , 3 . 2 3 a @  

-i 0 
a - 

- MacWilliarn, J.A. 
B- ,) 

* -, On the  Propert1 es of  t he  Arter ia l  and Venous Walls 
9.: - Proc. Roy. Soc. (London) Ser.B. 70: 109, 1902 
-: 
-; 
-: - This volume i s  not avai lable  anywhere in  the  United S t a t e s  o r  Canada. Apr.1974 5- , -: -- 
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2 @ :  f - - Malindzak, George S. and Meredith, Jesse H. 
,% 

- Conpar i t i ve  Study o f  A r t e r i a l  Transmission V e l o c i t y  3- I 
7 ~ d u r n a l  o f  Biomechanics, Vol. 3, do. 3, pp. 337-350, 1970 l i d .  / 8- . 

-- - Abst rac t :  For  the purpose of determining the  a r t e r i a l  t r ansmiss ion ,ve loc i t y  a .. : a 
-a - e x p e r i m n t s  were performed on anesthet ized mongrel dogs by reco rd ing  a r t e r i a l  = t -  I i pressure measured s imul taneously a t  two posi  t l o n s  along the  a x i s  o f  the  ab- -- : - dorninal aor ta .  Four independent methods ; pu lse  wave v e l o c i t y  (PWV) , apparent 

. phase v e l o c i t y  ( A P Y ) ,  " t r u e "  phase v e l o c i t y  (TPV) and c o r r e l a t i o n  propagat ion -. 
v e l o c i t y  (CPV) were used fo r  comparison and f o r  t he  fu tu re  purpose o f  p r o v i d i n g  

- -c 
1 a r e l i a b l e  index w i t h  which t o  r e l a t e  and t o  compare changes o f e l a s t i c  constants C o f  the  a r t e r i a l  w a l l  w i t h  a r t e r i a l  disease. O f  these f o u r  v e l o c i t y  de tem ina -  @ . t i o n s ,  the PWV proved t o  be t i le  l e a s t  r e l i a b l e .  The r e l a t i o n s h i p  between the APV -:- 

- and TPV suggests the experimental d i f ferences may be r e l a t e d  t o  a r t e r i a l  r e f l e c t i o n  
3:) On the o t h e r  hand, the CPV, as masu red  by the cross c o r r e l a t i o n  technique, - 

- was less  sub jec t  t o  beat - to -beat  va r i a t i ons  than was the PWV, i n  ac tua l  de ter -  :- @ 
minat ion,  a1 though the CPV i s  a much eas ie r  nethod and a m r e  cons i s ten t  : < - -masure  o f  the a r t e r i a l  pressure pu l se  t ransmiss ion  v e l o c i t y .  I n  these s tud ies ,  :- - -- @-' tne apparent terminal  vascular  impedance of the a r t e r i a l  t r ansmiss ion  l i n e  

2 .  1 +appears t o  match the apparent  cha rac te r i s  t i c  impedance o f  t h e  l a r g e  a r t e r i e s .  
I .-.. : 

- MALLOS, Alexander,J. 

fl- I 

An E l e c t r i c a l  C a l i  per  f o r  Continuous Measurement o f  Re1 a t i v e  D i  s p l a c m n t  

I:\$ 1 

J. Appl. Phys io l .  17(1), 131-134, 1962. 

5. < 
Abstrac t :  An e l e c t r i c a l  record ing  c a l i p e r  f o r  t h e  cont inuous measurement o f  

, 

re1 a t i  ve displacement has been developed. The d e t a i  1 s o f  design,  opera t ion ,  

--+ i 

-2 and performance are descr ibed.  The frequency response was u n i f o r m  ('5%) th rough i. z -  i I 
25 cyc l  e lsec .  An approximate1 y 0.5% e r r o r  re1  a ted  t o  t h e  mechani cal-impedance 

-- 

- : o f  the  device was est imated t o  occur.  The system i s  1 i n e a r  and f r e e  o f  
- '  Base l i n e  and ga in  s t a b i l i t y  a re  acceptable. 

!- 

j. I 
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MARKOLF, K e i t h  L. I:,. e 
- Deformat ion o f  t h e  Thoracolumbar I n t e r v e r t e b r a l  J o i n t s  i n  Response t o  E x t e r n a l  9 

. Loads, A biomechanical s tudy  u s i n g  autopsy m a t e r i a l  a- @ 1 5311 J .  Bone J o i n t  Surg.(Am) 54:511-33, Apr 72 Ei. 8 1 ;i 
-. A b s t r a c t :  The r o l e  o f  mechanical f o r c e s  i n  t h e  p r o d u c t i o n  o f  s p i n a l  i n j u r y  and @ 

- d i s c  degenerat ion has been a t o p i c  of widespread i n t e r e s t .  Knowledge o f  t h e  de- - 
7 fo rmat ions  o f  t h e  i n t e r v e r t e b r a l  j o i n t s  i n  response t o  e x t e r n a l  l o a d s  i s  i m p o r t a n t  - 

-1: 
- -- i f  t h e  f o r c e s  and moments developed i n  t h e  s p i n e  a r e  t o  b e  l i n k e d  i n  a q u a n t i t a t - =  - 
-i i v e  f a s h i o n  t o  p o s s i b l e  modes o f  i n j u r y  o r  abnormal mot ions  o f  t h e  i n t e r v e r t e b r a l  .- c-. 
: j o i n t .  The o b j e c t i v e  o f  t h e  p resen t  s t u d y  was tomeasure e x p e r i m e n t a l l y  t h e  
-: mechanical response o f  t h e  t h o r a c i c  and lumbar i n t e r v e r t e b r a l  j o i n t s  t o  e x t e r n a l  - 
.I f o r c e s  and moments and t o  q u a n t i f y  these load-de fo rmat ion  c h a r a c t e r i s t i c s  by . -  @ 

- 
examiqing s t i f f n e s s  va lues f o r  tens ion ,  compression, bend ing  i n  two p lanes ,shear -. 

-% i n  two planes, and t o r s i o n .  -- 

I *  I S t a t i c  l o a d i n g  t e s t s  on f r e s h  human s p i n a l  segments o b t a i n e d  a t  autopsy were - -  
performed t o  measure t h e  de fo rmat ion  o f  t h o r a c i c  and lumbar i n t e r v e r t e b r a l  j o i n t s  a 

> i n  response t o  l a t e r a l  bending moment, f l e x i o n  moment, e x t e n s i o n  moment, t o r s i o n a l  8 

- moment, a n t e r o p o s t e r i o r  and mediol a t e r a l  shear  f o r c e ,  a x i a l  t e n s i o n  f o r c e ,  and - C 
a x i a l  compression fo rce .  The f i n d i n g s  i n  these t e s t s  a r e  as f o l l o w s :  c: 
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Marshal l ,  R .  and Widdicombe, J.G. 
Stress r e l a x a t i o n  o f  the  Human Lung 
Cl in .Sc i .  20: 19-31, 1961 
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-1 The Viscous Resistance of Lung T issue i n  P a t i e n t s  with Pul lmnary Disease 
@ -A - : Cl in .Sc i  . 15: 473-483, 1956 
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- /;I. - MASHIMA, Hidenobu and Matsumura, Moto ? * 1  -: The E f f e c t  o f  Temperature on  t h e  Mechanica l  P r o p e r t i e s  and A c t i o n  P o t e n t i a l  o f  .-. 
I - -- . I s o l a t e d  Frog V e n t r i c l e  +--, • i 

-- _ The Japanese J r .  o f  Phys io logy ,  14, pp 422-438, 1964 &, 1 
l * o r  

- : Abst rac t :  T h i s  s t u d y  was done w i t h  t h e  purpose o f  d e t e r m i n i n g  t h e  a c l i v e  s t a t e  
- cu rve  and t h e  f a c t o r s  f o r  t h e  f r o g  muscle t o  per form work, and t o  examine t h e  

01 

e f f e c t  o f  c o o l i n g  on  t h e  mechanica l  p r o p e r t i e s  i n  r e l a t i o n  t o  t h e  a c t i o n  
- . 

- p o t e n t i a l  and i n  comparison w i t h  t h o s e  o f  s k e l e t a l ,  muscle.  . c 
1 .  The e f f e c t  o f  tempera tu re  on t h e  mechanica l  p r o p e r t i e s  and t h e  a c t i o n  p o t e n t i a l -  0 
o f  i s o l a t e d  f r o g  v e n t r i c l e  were s t u d i e d .  2 .  On c o o l i n g  t h e  maximum t e n s i o n  and I 

i c o n t r a c t i o n  t imes inc reased  w h i l e  t h e  maximal r a t e  o f  r i s e  o f  t e n s i o n  decreased.  
3 .  The f o r c e - v e l o c i t y  c u r v e  was b o t h  h y o e r b o l i c  and l i n e a r  a t  d i f f e r e n t  tempera- -> t u r e s .  4.The d u r a t i o n  and i n t e n s i t y  o f  t h e  a c t i v e  s t a t e  i n c r e a s e d  on c o o l i n g .  

, 5.  Work per formed depended on t h e  i n i t i a l  l e n g t h  o f  t h e  muscle, t h e  l o a d  and ..$ 

' temp. 6 .  The r e l a t i o n  b e h e e n  a c t i v e  s t a t e  and c a l c i u m  movement and energy . 
I m o b i l i z i n g  mechanism i n  c a r d i a c  muscle was d iscussed.  0 ,  

19 .- 
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' -  aso on, P. ': a - .  
i - V ,  elaS t i c i  t~ and s t r u c t u r e  o f  Ke ra t i n  and Col lagen 5 

i,,elola-n. 202: 139-147, 1965 I @  - !:!- i 
-- - 

Abst rac t :  V i scoe las t i c  p r o p e r t i e s  o f  k e r a t i n  and co l l agen  f i b r e s  imnersed i n  
aqueous media have been measured a t  f requencies between 1  kc/s and 20 kc/s and : 

a t  temperatures between 0" and 100°C. E l a s t i c  and v iscous modul i  were d e r i v e d  @ 
- f rom wave-propagation measurements which enabled f i b r e s  t o  be t e j t e d  w h i l e  t hey  • 

1 - -  
were he ld  a t  d i f f e r e n t  ex tens ions .  Wave v e l o c i t i e s ,  gene ra l l y  o f  t h e  o rde r  of 
1,000 m/s, were r e a d i l y  ob ta ined w i t h  an accuracy o f  about + 2%; the  a t t enua t i on ,  

0 

and thus the viscous modulus component, cou ld  be determined o n l y  approximately.  €9 
@ - :  a -- I.: 
>-TI 
a 5 " a '  

- i+ 
a - 1  ,; - - a 
a : a t 
.-. -- 

a - 1  : e -- C- 

• - it. 
a -: z .  - 
a - -- -- - - - -- - -. -- ----- ---- - Z -  a 
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{ a- --- : a  
- Matsumura, Moto and Nagai, Torao : a  

- Dynamic Visco-el  as t i c  P rope r t i es  o f  G lycero l  - ex t rac ted  Muscle F ibers  = • 
- Jap.J. Phy r i o l  . 17, 246-259, 1963 - .  1e 1 2 -  - -- - - - - --- 

@ A Abstract:The purpose o f  t he  work i n  t h i s  a r t i c l e  i s  t o  o b t a i n  d e t a i l e d  i n f o r m a t i o n  
L on the  v iscoe l  a s t i  c  p r o p e r t i e s  o f  f l y c e r o l  - ex t rac ted  muscle f i b e r s  du r i ng  - .  • 

0 ; con t rac t i on  and re laxa t i on ,  and thereby t o  f i n d  o u t  some c l u e  t o  t he  mode of - : a ,  
1 c o n t r a c t i l e  system. i 

- ... - -  a .. 1  . The dynamic s t i f f n e s s  increased du r i ng  c o n t r a c t i o n  and decreases d u r i n g  --- 
-: - r e l a x a t i o n .  2. When s inuso ida l  changes i n  l e n g t h  a r e  l e s s  than  1.5% o f  muscle 1 c -  
. length ,  the  f i b e r  obeys Hooke's law. 3. Complex modulus v a r i e s  a t  d i f f e r e n t  - -  0 

frequencies. 4 . E l a s t i c  modulus and v i s c o s i t y  a re  c a l c u l a t e d  based on t h e  rheo lo -  
g i c a l  ana lys is .5 .  When muscle i s  t re tched,  t h e  s t i f f n e s s  i s  always increased. . > 6. V i sco -e las t i c  p rope r t i es  and t h e i r  changes i n  c o n t r a c t i o n  process o f  g l y c e r o l - '  

1 :: ex t rac ted  muscle are  s i m i l a r  t o  those of  l i v i n g  muscle. -- 
* I  a a - 
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, 0 ~ ~ t t h w ~ ,  Frank L .  and West, John B. 

- Deformation o f  the lung  by i t s  own Weight 
I 18 ' ' - J .  Physio, .(London) 215: 53P, May 1971 

ABSTWLCT: This  a r t i c l e  analyses the d i s t r i b u t i o n  o f  g rav i  t y - i  nduced s t ress  1 1 and sur face pressure i n  a theore t i ca l  model o f  the lung  us ing t h e  f i n i t e  
] 8 - element technique. 
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I 0 Matthews, F.I.. and West, J.B. @ 
! 0 F i n i t e  Element Displacement Analysis o f  a Lung :- - 

0 J. Biomechanics, 5:6, 591-600, 1972 i • I 
f '  I e -: 

- -  Abstract:  There i s  considerable phys io log ica l  evidence t h a t  the  reg iona l  variation - 
- i n  p leura l  pressure and expansion of the lung i s  l a r g e l y  determined by g r a v i t y .  

0 @ 
I n  t h i s  paper a method i s  given based on the technique o f  f i n i t e  elements which 

a -: determiner t h e o r e t i c a l l y  the  mechanical behaviour o f  a lung-shaped body loaded 
- 1  by i t s  own weight.  The r e s u l t s  of t h i s  theore t i ca l  analys is  have been compared -- ;-17 w i t h  actual  measurements o f  a l v e o l a i  s i z e  and p l e u r a l  pressures i n  animal lungs. 
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MAXWELL, James A.  and A n l i  ker ,  Max . • 
i @  
1 0 f The Di s g p a t i o n  and Dispers ion of Small Waves i n  A r t e r i e s  and veins w i t h  Visco- - - .- 

7- ' e l a s t i c  Wall Proper t ies .: 
a \  1 L J. Biophy.8:920-950, 1968 , 

- 
--: Abst rac t :  Theore t i ca l  and experimental evidence Suggests t h a t  the dissipation 

h i g h  f r e ~ u e n c y  pressure waves i n  b lood veSSe1~ i s  caused p r i m a r i l y  by the visco- - -  
e l a s t i c  behavior of the vessel w a l l .  I n  t h i s  t h e o r e t i c a l  ana lys is  the 1 - 

-. a r e  cons jdered as fl u j d - f i  1 l e d  c i r c u l a r  c y l i n d r i c a l  she1 1s whose w a l l s  have 
1 5 i s o t r o p i c  and homogeneous v i s c o e i a s t i c  p roper t ies  and a re  subjected t o  an : c 

i n i t i a l  a x i a l  s t r e t c h  and a  transmural pressure. If t h e  w a l l  m a t e r i a l  1s in- - a 
c O m p r e i ~ l b l e  and behaves as a  Vo ig t  s o l i d  i n  shear, the r e s u l t s  p r e d i c t  a  de- 8 

Crease i n  Wave ampli tude per  wavelength which i s  e s s e n t i a l l y  independent of - 
- 

- 
i frequency over a  a i d e  range. Th is  f i n d i n g  i s  i n  qua1 i t a t i v e  agreement with * -  

i -- recen t  experiments on anesthet ized dogs. A ~ a r a m e t r i c  study a lso  shows a  great , of the d i s s i p a t i o n  t o  changes i n  transmural pressure and -- 
4-• -; Axisymnetr ic waves are on ly  m i l d l y  d ispers ive,  wh i le  a11 n0naxisymnetric ' 

waves are h i g h l y  d ispers ive  and e x h i b i t  much S tmnger  damping Per wavelength at - - 
1 - low frequencies than do axisynnnetric waves. :- a c 8 

- a f -  
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2 ' b s t r ~ c t : ~ h i s  a r t i c l e  reviews j u s t  one aspect of r e s p i r a t o r y  pechanics and even : 0 

@ within the i ' m i t s  implied by t h e  t i t l e  does n o t  a t tempt  t o  be comprehensive, 
- c -$ Instead, s p e c i f i c  top ics  are taken up i n  d e t a i l .  Rohreras method of  analysjs i s  , a .!+ the bas is  f o r  most measurements o f  r e s ~ i r a t o r y  mechanics, A l a r g e  share of t h e  - -  - -- 

a - 1 2 1  remainder deals ~ 7 t h  the e l a s t i c  behavior of lungs and t h e  c o n t r i b u t i o n  of - - 
- 5 surface phenomena t o  i t .  Major advances have been made i n  t h i s  area over the - 4 pas t  10 years and i t  seems p a r t i c u l a r l y  impor tan t  t o  discuss them in ,-jetail, :- • -: 
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B I 
1 

P : e ;  a - I Abstract :  I n  e i g h t  p a t i e n t s  w i t h o u t  major  l e f t  v e n t r i c ~ l i a r  (LV) d y s f u n c t i o n  I. O I - e n d - d i a s t o l i c  pressure (EDP) was r a i s e d  by methozamine f rom 13 t o  20 mm Hg 
i @ ' 

- - f o l l o w i n g  p roprano lo l  and a t r o p i n e .  The v e l o c i t y  o f  c o n t r a c t i l e  elements (Vce) 
- 1  - and the e x t e n t  of CE s h o r t e n i n g  (TS) d u r i n g  i sovo lumic  c o n t r a c t i o n  were c a l -  

r- j cu la ted  accord ing t o  a two-component model ( I )  u s i n g  t o t a l  pressure ( T P )  and a - e - - : three-component model ( 11 = Maxwell model ) us ing  developed pressure (DPO. Vce 
L. - -  equals (dP/dt)/ZB.TP o r  (do/dt)/28.DP. L inear  e x t r a p o l a t i o n  o f  Vce vs . TP 

- 8 y i e l d e d  Vma,(I). y (11) was determined cons ider ing  t h e  cu rve  Vce vs .DP as a 
8 - hyperbola. I n  c o n ? ? ~ s t  t o  model 11, peak measured Vce(1) was a f i n i t e  va lue  - I and occurred 37 msec a f t e r  onset  o f  c o n t r a c t i o n .  A f t e r  p roprano lo l  and a t r o p i n e  > TS (1 )  was 6 . 7 ?  and TS(I1)  13.5% o f  circumference; V (I) was 1.59 c i r c / s e c ,  - V (11) 5.16 c i r c i s e c .  U D  t o  an inc rease  o f  EDP o f  !!xmm Hg V (I) d i d  n o t  va ry  O 1 m8BI than 9'4 i n  e i t h e r  d i r e c t i o n ,  whereas V (11) showed rath@QXlarge b u t  i n -  8 

I cons is ten t  changes. Thus, t h e  t ime course o lagce  and t h e  abso lu te  va lues o f  TS 

t e  
favor the use o f  model I. 

: 8 . . \ v e l o c i t y  o f  c o n t r a c t i l e  elements; myocard ia l  c o n t r a c t i l i t y ;  t ime  t o  peak 8 
- measured v e l o c i t y ;  t o t a l  i sovo lumic  shor ten ing  o f  t h e  c o n t r a c t i l e  elements, e 

' p re load dependency o f  Vmax e 
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- S t ress 3 1 s t r l b u t i o n  i n  Lungs: a  "ode1 o f  Pulmonary E l a s t i c i t y  @ I  ' - - J .  Rppl . P h y s i o l  . 28(5):596-608,1970 I 
- @ ._ 

j @  - - -  .. a 
1 

Abst rac t :  A1 though lungs a re  exposed t o  transpulmonary pressure, the  a i r  spaces . -6 
- w i t h i n  are d is tended  s o l e l y  by fo rces  a o p l i e d  from surrounding t i s s u e s .  By re -  

@ - - l a t i n 9  these forces t o  t h e  areas on which tney operate,  we d e r i v e  t h e  e f f e c t i v e  
@ 

pressure d i s t e n d i n g  a i r  spaces. I n  u n i f o r m l y  expanded l u n g  t h i s  pressue prob-  
8 

ab ly  approximates transpulmonary pressure.  I n  nonuni formly expanded lungs t h e  . e 
e f f e c t i v e  d i s t e n d i n g  pressure d i f f e r s  f rom transpulmonary oressure, and i n  tne  d 
appropr ia te  s i g n  t o  reduce t h e  nonuni formi  t y .  Th is  i n t e r d e p e ~ d e n c e  o f  a i r - space  
d i s t e n t i o n  bears on a number o f  aspects o f  pulmonary f u n c t i o n ,  i n c l u d i n g  t h e  

- 
- s i z e  o f  a i r  spaces which may be expanded f rom t h e  gas- f ree s t a t e ,  t h e  s t a t i c  

Q 

and dynamic s t a b i l i t y  o f  a i r  spaces, t h e  dryness of a i r  spaces, the f o r c e s  d i s -  
6 

> tending a i rways and b lood  v e r s e l s  w i t h i n  lungs, and t h e  d i s t r i b u t i o n  o f  pulmon- e, 

-- I ary  edema. The p r i n c i p a l  f u n c t i o n  o f  t h e  mechanical interdependence would appear a 

a 

7 1- t o  be t o  suppor t  u n i f o r m  expansion o f  a i r  spaces. The p r i n c i p a l  f u n c t i o n a l  r i s h  - - 
t h a t  i t  e n t a i l s  i s  inc rease  i n  c a p i l l a r y  transmural pressure i n  reg ions  whlcn 

- 

- 
become sub jec ted  t o  abnormal ly  h i g h  outward-act ing s t r e s s .  
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Melvin, J ,  ii., Sta lnake r ,  R .  L . ,  Roberts, V .  L .  and Trollope,  M.  L .  - a 
Impact In jury Flechanisrns in Abdominal Organs 0 
17th Stapp Car Crash Conference, SAE Paper No. 730968, pp. 115-126 .: • --- 

ABSTRACT: Blunt abdominal trauma i s  a major cause of death in  the  United S t a t e s .  
0 

However, l i t t l e  experimental work has been done to c l a r i f y  the mechanism of  b lun t  
abdominal in ju ry  and to  quant i fy  to lerance  parameters f o r  the  abdominal organs.  1D 

This paper describes a j o i n t  study by the  Highway Safety Research I n s t i t u t e  g 
and the  Section of General Surgery of The University of Michigan i n  which d i r e c t  
impacts were appl ied  to l i v e r s  and kidneys. The t e s t s  were performed in  a high- 
speed t e s t i n g  machine a t  a control led  ram veloci ty  and s t roke  l i m i t .  The organ e, 

was s u r g i c a l l y  mobilized in anesthesized Rhesus monkeys and then placed on 0 

a load c e l l  while s t i l l  being perfused in  the l i v i n g  animal. Tes ts  wew performed O 

a t  ram spees of 120, 6000, and 12000 in/min ( 5 ,  250, and 500 c n / s ) .  The re- 4a 
sul  t i n g  load-def lec t ion data  were normalized and average s t r e s s - s t r a i n  curves 
p l o t t e d  f o r  each t e s t .  In add i t ion ,  t he  r e su l t ing  in ju ry  s e v e r i t y  was es t imated 

9 

i m d i a t e l y  a f t e r  impact using an in ju ry  s c a l e  of 1 t o  5. 
Q 

A d iscuss ion of the in ju ry  mchanisms observed in  the t e s t s  i s  given,  and - 

c o r r e l a t i o n  between in jury  s e v e r i t y  and the mechanical parameters of  s t r e s s ,  8 

s t r a i n ,  and s t r a i n  energy produced in  the  t i s s u e  of the organ i s  presented.  - - -  @ 

- c- - 
0 

I • --. Melvin, J .  W . ,  Snyder, R. G . ,  T rav i s ,  L .  W . ,  and Olson, PI. R. 4 
i -5 Response of Human Larynx t o  Blunt Loading - e 

-: 17th Stapp Car Crash Conference, SAE Paper No. 730967, pp. 101-114 
L... 

: e --. 
0 3  1. - 4 ABSTRACT: Direct  impact t o  the  larynx i s  usually prevented i n  acc iden t s  by t h e  '--Q 

pro tec t ive  nature  of t h e  chin.  In some s i t u a t i o n s ,  the occupant motions l eave  i the  larynx unprotected and suscep t ib le  t o  impact by the s t e e r i n g  wheel rim o r  0 

-1, i n s t r u m n t  panel. As one of the  unpaired v i t a l  organs of the  body, the re  i s  no Q 

- 3 easy way t o  provide an a l t e r n a t i v e  f o r  i t s  functions when the  larynx i s  l o s t  o r  6 
.-': damaged. Information a v a i l a b l e  on the to lerance  of the  unerhalmed h u m  larynx L f 
" t o  force  i s  q u i t e  l imi ted .  0 ' This paper descr ibes  a mu1 t i d i s c i p l i n a r y  study t o  determine the  resDonse of -: 
. unembalmd human larynges t o  b lunt  mchanical  loading and t o  i n t e r p r e t  t h e  re- 

/ . - sponse with respect  t o  c l i n i c a l  data.  Fresh i n t a c t  larynges were obta ined a t  - 0 
) autopsy and t e s t e d  a t  e i t h e r  s t a t i c  o r  dynamic loading condi t ions  u t i l i z i n g  spe- 6 

, 0 cia1 t e s t  f i x t u r e s  in ma te r i a l s - t e s t ing  machines. Load and deformation data  3 
were obtained up t o  l e v e l s  s u f f i c i e n t  t o  produce s i g n i f i c a n t  f r a c t u r e s  in  both @ ; the  thyroid anr c r i co id  c a r t i l a g e s .  Additional information was obta ined in  t h e  
form of permanent dimensional changes through d i r e c t  m a s u r e w n t s  and loca t ion  @ 

Q - of  f r a c t u r e  s i t e s  by use of  xeroradiography. Final evaluat ion o f  the  damage ~ 9 s  . 
0 performd following d i s sec t ion  of the  laryngeal s t r u c t u r e .  The r e s u l t s  o f  t h e  

a t e s t s  are analyzed and i n t e r p r e t e d  i n  r e l a t i o n  t o  e s t a b l i s h i n g  to l e rance  c " i t e r i a  8 
' 8 f o r  laryngeal loading. e c 
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- MERCKER,K., E l -Zaya t ,  A.F. ,  Youssef, H. Hosny, Abdel-Rahman, H., Sabry, M.3  

-. B i b a r s ,  M,  and Khashaba, S .  f.. Q ! 
.. @ - - . ' - . \ ' o lumet r i c  Measurements o f  t h e  Hear t  i n  Egyp t ian  A t h l e t e s  

..I, J. Egyp Ibled. Assoc. 54:213-29,1971 0 ;  
9 .  : '  :.. @ 

, . 
0 - _ A b s t r a c t :  The h e a r t  s i z e  i s  dependent on body we igh t ,  age and t o t a l  volume o f  ii?.. 6 

':\.I - -  b l o o d .  The r a d i o l o g i c a l  s i z e  and shape o f  t h e  h e a r t  depends on t h e  p o s i t i o n  o f  !4, Q 9 diaphragm, shape o f  bony t h o r a c i c  cage, phase o f  r e s p i r a t i o n  o r  c o n t r a c t i o n  o f  
;z;Fc.. @ " t h e  v e n t r i c l e s  and p a t h o l o g i c a l  h e a r t  c o n d i t i o n s .  It i s  now w e l l  accepted t h a t  - . ,::. 0 

' 1 a t h l e t e s  develop a1 t e r a t i o n  i n  b o t h  s i z e  and shape o f  t h e  h e a r t .  Hear t  volume ,-- 
Q -:'! d e t e r m i n a t i o n  i n  groups o f  Egyp t ian  a t h l e t e s  i n  v a r i o u s  s p o r t i n g  games accord ing  ! 0 

1 8 - .< !  t o  t h e  method o f  Rohrer and Kah lsdor f  m o d i f i e d  by Mushof f  and R e i n d e l l  r e v e a l e d  no:. 6 , . 
,.,.> . jj s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between f o t t b a l l  , v o l l e y b a l l  and b a s k e t b a l l  ;> - ,  .:-b 

. 

p l a y e r s  as we1 1  as c y c l i s t s  and boxers.  Hear t  volume o f  w r e s t l e r s  was much 
k 1 ;i.. , cp c 

l o ~ e r  than  i n  a t h l e t e s  o f  o t h e r  spor ts .  The r e s u l t s  were compared w i t h  those  1;:. 
@ ' 2 :  r e p o r t e d  i n  f o r e i g n  1  i t e r a t u r e .  The mean va lue  o f  t h e  l o n g e s t  h o r i z o n t a l  d iamete r  ;i, 
@ - :? I  o f  t h e  h e a r t  f o r  Egyp t ian  a t h l e t e s  was found t o  be h i g h e r  than  i n  a d u l t  untrained,,--@.' 
8 -13 -- males. The h e a r t  volume/body sur face a rea  r a t i o s  were d iscussed.  

-, . I ---- -- --..- .----.-..C-- . , -..-. 
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' - NERTZ, Harold J .  and Gadd, Charles W .  i:; 9 

' - Thoracic To1 erance to  Who1 e-Body Deceleration ' 6 ,  C' * \ 

f3 P\-oc. 15th Stapp Car Crash Conf .,$A€ Paper 710852,pp.135-157, 1971 4 1. - i z l -  - -- a I - - Abstract: A professional high d ive r ,  i  nstrumented with accelerometers performed 

1 s ix teen dives from heights between 27-57 f t .  For each dive ,  he executed a 3/4 , 
- turn and landed supine on a 3 - f t  deep mattress which consisted of p ieces  of low- 

@ : density urethane foam encased ina nylon cover. Using FM telemetry,  s a g i t t a l  
- plane decelera t ions  were recorded f o r  a point  e i t h e r  on t h e  sternum o r  the  fo re -  

/ -@ :- head, Inipact ve loc i t i e s  and corresponding stopping dis tances  f o r  t h e  thorax and < 
Q - the  head were calculated from high-speed movies o f  t he  dives.  1: 6 
9 '- For a 51-f t  d ive ,  the  impact veloci ty  of the  thorax was 41 mph with a corre- ,: 0 - sponding stcpping dis tance  of 34 .6  i n .  The peak r e s u l t a n t  decelera t ion of the  

- -A thorax \:as 49.2 g with a pulse duration of 100 ms. The n~aximum r a t e  of change - - 
of the  decelera t ion of the  thorax was 5900 g/s . No discomfort was experienced e 
as a r e s u l t  of t h i s  impact. 0 

1 The maximum forehead decelera t ion occurred during a 47,O f t  drop and exceeded a I ' 56 g with a Gadd Severity index g rea te r  than 465. This peat acce le ra t ion  was 2 a t 6- --4 3 -g the  r e s u l t  of a local ized impact to  the  skull  produced by a hard spo t  i n  t he  --- 
, a helmet worn by Ross Coll ins and resul ted  in  a b r i e f ,  sharp head pain.  + 

i ' j The r e s u l t s  obtained from these experiments a re  compared with whole-body to ] -  ?. " 
@ . erance data obtained by other  inves t igators  and a long duration acce le ra t ion  r3 is - / *  
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+ > -  6 
! @  tolerance level  of 60 g with a pulse duration of 100 m i  i s  reconmended f o r  t h e  

. - thorax in the A-P and P-A d i r ec t ions .  
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A preliminary i n v e s t i g a t i o n  o f  some i n  v i v o  mechanical p r o p e r t i e s  of mnkey 
b r a i n .  

'12  asters ~ h e s i s s  U n i v e r s i t y  of West V i r g i n i a ,  Morgantown, W,Va, , ,968 
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ktl, Howard, McElhaney, James and Omaya, AYU~,  K -  
A Comparison of t h e  E l a s t i c i t y  o f  L i ve ,  Dead and F ixed  B r a i n  T issue  -. '. Journal of Biomechanics, 3:4, 453-458, 1970 l - l a )  

I+ 
l + Abstract :  The o p p o s i t i o n  t o  the  i n t r a c r a n i a l  expansion of a t h i n  e l a s t i c  - 

- . c y l i n d e r  i n  1 i v e ,  dead and f i x e d  b r a i n  t i s s u e  has been measured and compared. . 3 ' 
-5 An ana lys is  of t he  data,  assuming an e l a s t i c  m a t e r i a l  Y i n d i c a t e s  that the :- ! 
@A , - e l  a s t i c  modulus j ncrea es conc v e l y  upward w i t h  s t r a i n  and v a r i e s  between S 9 

'- < 
-- 1 a~ 

105 and 3.5 x 10 dyn/cm f o r  t h e  range of t h e  S t r a i n  t e s t e d -  Death .-. 

,I, and f i x a t i o n  o f  b r a i n  t i s s u e  increases t h e  modulus b u t  does n o t  appear to 
:- change the  manner i n  which i t  v a r i e s  w i t h  s t r a i n *  
- -  > ---- I - 
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\ : -: Milch. Robert Aust in - Mat r i x  Propert ies o f  the Aging A r t e r i a l  Wall  
Monographs i n  the  Surgical Sciences, Vol.2,No.l, p.261-341. ,1965. fi-& 
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7 -  _ : MIRSKY, Israel and Parmley, William W .  @ - Assessment of Passive Elastic Stiffness for  Isolated Heart Muscle and the :- 8 -1, - Intact Heart 9 % Circulation Research, 33, 233-243, 1973 
-15 1:l- I 

7- 
z ' -  0 Abstract: A sensitive method was developed for  detecting s t i f fness  changes in =- 

a -7 the l e f t  ventricle.  Stress-strain relationships (PC) were obtained in the form - 8 . .Q do/dr= ka + c from published studies on eight normal canine hearts, f ive in- - @ - 
- , farcted canine hearts, and seven isolated cat papill ary muscles. Util izing pre- - - 6 

ssure-volume relationships, the e las t ic  s t i f fness  ( d o l d ~ )  and the s t i f fness  - C 
,J; constant (k) were also evaluated in patients with normal ventricles,  inappropri- - 8 
-2 ate hypertrophy, and congestive cardiomyopathy. The k values were 35.0 + 1.7 . 

1 (isolated muscle, 30°C), 37.32 1.9:(normal canine, 23'C), a n d  23.9 (infarcted).  - -  
- e 

3-i For the patieqt gorups, k and the passive e las t ic  s t i f fness  were 35.8 + 0.3 and :- 
249222.4 glcm for 13 normal patients,  26.45.7 and 286532.0 g/$m fo r  r'T patients - 

/ 2 w i t h  inappropriate hypertrophy, and 20.1 f! .2 and 13605209 g/cm for  6 patients 
2 with congestive cardiomyopathy. The results indicate that  (1 ) k i s  sensitive to I - I stiffness changes due t o  infarction, ( 2 )  hypertrophy causes an increase in the - . 

value of k a1 though e las t ic  s t i f fness  remains within normal l imits ,  and (3) k 
I . for the intact human heart i s  lower than i t  i s  for isolated muscle. -- 

_ _ _  __I 
_ _ _  -_ --- - - 
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- - -- 1 7  . @ @  
--  -- - --. -- 2 - 2  .--. I @  I @ - MINNS, R.J., SODEN, P.D. and JACKSON, D.S. 

j 1 
! * e las t ic  mod~lus: intact  heart; s t ress  s t rain;  pressure-volum re1ationships;com- @ 
I @  - pfjance; wall s t i f fness  
' 0  - - -  - - - -  - - .- 
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- The Role of the Fibrous Components and Ground Substance in the Mechanical 
-; Properties of Biological Tissues: A Preliminary Investigation 
?i J .  Biomechanics, 6:2, 153-166, 1973 
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f Abstract: Stress-strain and re1 axation tes t s  were conducted on human tendon, 1 

- aorta and  bovine ligamentum nuchae which have different arrangements and 
- 
1 0  

-: proportions of el as t in ,  collagen and ground substance. The removal of the ground 
--- substance with an enzyme or a chelating agent induced a decrease in s t ress  

level,  s t i f fness ,  re1 axation, hysteresis and other time-dependent effects in - c 
- a l l  three tissues. These changes could be largely explained by a reduction in - Q 
7- 

• -L - the  effective viscosity of the interf i  bre matrix a1 though some other factor e 
seemed to be present in the case of tendon, possibly a change in the relation- - @ @ !  shlp between the collagen fibres and the glycoproteins in the matrix. > -!I A- @ 

Treating aorta and nuchal ligament with formic acid t o  remove collagen and - 1 other material produced a marked decrease in stress level and time-dependence - > - 5  and also a decrease in the s t ress  and s train a t  rupture which may be due to the - 

i -- removal of collagen that normally prevents prematrue rupture a t  weak points in - 
- the e las t ic  network. -: I -. 
I . ; " @ I  
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@L: The V a r i a b l e  C o n t r a c t i l e  Strength o f  the Heart 
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-2 UCLA Forum Med. Sci . 10:135-8, 1970 
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Physiol Rev. 49: 427-508, 1969 
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Abstract:  L: - - 
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Morgan, F.R. i @ I  

a --: The Mechanica l  P r o p e r t i e s  o f  Co l lagen  f i b e r s :  s t r e s s - s t r a i n  curves.  
k- 

e 
-F Soc. L e a t h e r  Trades Chen. 44, 170-181,1960 '3 * ' --- 

@ - - - 
- 8  -; Not a v a i l a b l e  anywhere p e r  HSRI 1 i b r a r y  5-22-74 " a ;  
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e e y  Morgan, G.W. and K i e l y ,  J. P. + 
+ -., Wave Propaga t ion  i n  a  Viscous L i q u i d  Conta ined i n  a  F l e x i b l e  Tube : a 
4 The J r .  o f  t h e  A c o u s t i c a l  Soc. o f  Am. 26:3,p.323-328,May 1954 - 

a - 2 1  
A 

31-  e -- - 

A b s t r a c t :  R t h e o r e t i c a l  a n a l y s i s  o f  t h e  p r o p a g a t i o n  o f  p r e s s u r e  waves t h r o u g h  -!- @ 

, -  l i q u i d  f i l l e d  f l e x i b l e  tubes  i s  p resen ted .  Express ions a r e  d e r i v e d  wh ich  show 
-? t h e  dependence o f  phase v e l o c i t y  and damping f a c t o r  on  t h e  v i s c o s i t y  o f  t h e  8 ,  

# 1 i q u i d ,  and on i n t e r n a l  damping i n  t h e  t u b e  w a l l  . The a n a l y s i s  i s  r e s t r i c t e d  -:- - t o  tubes w i t h  t h i n  wal I s  and t o  waves whose amp1 i t u d e  i s  i n f i n i  t e s i m a l  and -2 28 @ 
- whose wavelength i s  l a r g e  compared t o  t h e  r a d i u s  o f  t h e  t u b e .  - 
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I Mori t z  ,Alan R. and Atk ins ,Joseph ,P. Elh 
Cardiac Contusion, an experimental and pathologic  study 
Archives o f  Pathology,ZS: 445-462, 1938 

i- : c. 
2 '  . 

1 ._ - 
- -- :. a 
- - - Abstract:The ob jec t i ve  pathologic  c r i t e r i a  f o r  d i s t i n g u i s h i n g  between a cardiac 

contusion and a cardiac i n f a r c t  vary i n  usefulness according t o  the age of the 1 

l es ion .  I n  the case o f  a recent  myocardial les ion, the on ly  evidence t h a t  should 

l -: almost i n v a r i a b l y  serve t o  i d e n t i f y  an otherwise indeterminate i n j u r y  as an i n f a -  -. 
- - r c t  i s  the f i n d i n g  o f  recent coronary occ lus ion.  Pathologic  changes more l i k e l y  - 
-.L t o  be found i n  ear l y  contusion than i n  e a r l y  i n f a r c t i o n  inc lude  massive i n t e r -  

@ : s t i t i a l  hemorrhage, l a c e r a t i o n  and t i ssue  d iso rgan iza t ion .  Since a l l  of these 
- e 

- 
-: changes may be seen f o l l o w i n g  spontaneous rup tu re  o f  an e a r l y  i n f a r c t ,  they are 

-' 0 

. - no t  conclusive.1n the case o f  an o lder  myocardial l e s i o n  there  i s  no means af -- 0 
1 d i s t ingu ish ing  o b j e c t i v e l y  between contusion and i n f a r c t i o n .  Deposits of I 
2 -& hemosiderin i n  myocardial scars are more l i k e l y  t o  be seen i n  hezled contusions (;. 

-2 than i n  healed i n f a r c t s ,  b u t  s ince hemosiderin i s  seen occas iona l l y  i n  healed - .-, i n f a r c t s  i t s  presence i s  not  conclusive.Three months a f t e r  i n j u r y  hemosiderin i s  . 
found in f requen t l y  i n  traumatic scars, so t h a t  i t s  absence i n  no way excludes -.- - 
the p o s s i b i l i t y  o f  a l e s i o n  having been o f  t raumat ic  or ig in .The presence o r  : 0 

absence o f  remote coronary occ lus ion  does n o t  serve t o  i d e n t i f y  a myocardial scar 
- as having resu l ted  from i n f a r c t i o n  o r  contus ion inasmuch as a h e a r t  the  seat of - 8 

@ ':A occlus ive coronary disease may have a superimposed t raumat ic  l e s i o n  and a heart _ :- 
1 '-.'1& ---- ---- - . . -  a &r .--. I ; - . I - - - -~  

a 

- _-_- ---- -- - I - - 
____c_ - --- - . - I - - . - , _ - I  
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' c Moritz,Alan R. and Atkins,Joseph P 
- - 'i Cardiac Contusion, an experimental and pa tho log ic  study 
$ c.. l @< Archives of Pathology, 25:445-462,1938 g- 
I_- @ -<- :. I 

Abstract:  cont inued 5, t 

-,? w i t h  a l a r g e  healed i n f a r c t  may have no demonstrable coronary occ lus ion.  The 
- $  : a ,  pathologic  c h a r a c t e r i s t i c s  o f  the  scars o f  myocardial  contus ion and i n f a r c t i o n  .. -: 

,? are frequently i d e n t i c a l ,  and the  presumptive na tu re  of t h e i r  o r i g i n  must be 
2 -  -4 determined by h i s t o r i c a l  data r a t h e r  than by postmortem examination. .it. < @ g 9 - \  

a - -  
6 a. . . -1 $! 

i 5 -  i -3-1: c_- I 
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- Pathology of Trauma, 2nd Edn ,  Lea and Febiger, Philadelphia, Pennsylvania 1954 
- e - :- 
-- ; a x  Chapter 4 - Mechanical Injuries of the Cardiovascular System. P.133 
*- e 1 a 

\: . - 3  I-- Chapter - 5 - Mechanical Injuries of the Respiratory System P.181 
- * I .I Chapter 6 - Mechanical Injuries bf the Alimentary Canal-Injuries of the 

' - 21 - 
I _ .  Esophagus p223-225. : 
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McCarter, R. J .  M . ,  Nabarro, F. R. N . ,  and Wyndham, C.  H.  - -  
- Revenibility of the Passive Length-Tension Relation in Mamnalian Skeletal Muscle a 

~ ' ~ A r c h i v e s l n t e r n a t i o n a l e s d e P h y s i o l o g i e e t d e B i o c h i m i e , V o l . 7 9 , p p . 4 6 9 - 4 7 9  
! ! -  1971 

& - 
- 1 .  1 -  [ 
t- 

-,:I ABSTRACT: When an is01 ated skeletal muscle i s  stretched and then allowed to relax, - @ 
, i t  does not return to i t s  original length. I n  a series of several successive - I: 
3 stretch-relax cycles there i s  a gradual elongation of the muscle and each hystere- . e 
' -  s i s  loop i s  displaced in the direction of increasing length, re lat ive to the 

- - 
-- 

Li previous loop. 
: c. -. 

The passive length-tension diagrams of circulated soleus muscles or  fats  was 
- @ 

-F investigated. In a series of success~ve stretch-relax cycles, the curves ob- e 1  
f tained are similar to those reported for isolated muscles and single fibres.  

- 

. - -,:- The large difference in area between the f i r s t  hysteresis loop and that  of any - 

succeeding loop i s  attributed to irreversible darnage occurring in the f i r s t  cycle.: 
^ After a series of stretches, creep recovery of the length of the muscle did not 1 produce an accompanying recovery o f  strength. Ability to bear s t ress  was 

.' 
- only restored by acilve shortening o f  the muscles under no load, followed by a - - . I  

- - rest interval. Creep recovery of length, followed by i somtr ic  contraction a t  
the shortened length, did not restore strength. A possible explanation o f  this  i s  
given in terns o f  the different structural reorganization which i s  brought about a - -  

a by the k o  types o f  contraction. . - - -  - - - - -- A -- -- - - -  - - c . 
-.. 
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- -  0 McCutchen ,C . W e  
2 e The f r i c t i o n a l  p r o p e r t i e s  o f  animal j o i n t s  

Wear 5: 1-17, 1962 +. I; 1 • 
L 1.i- - . 

ABSTRACTS: The p o r o s i t y  and s t i f f n e s s  o f  c a r t i l a g e  were measured. These 0 
prope r t i es  are discussed i n  r e l a t i o n  t o  the hypoth ica ted "weeping bear ing"  z 8 

i:, p r o p e r t i e s  o f  animal j o i n t s .  A se r i es  o f  f r i c t i o n  experiments were performed 5 ,  0 , which prov ide  conf i  rrnation t h a t  animal j o i n t s  are weeping bear ings .  There &-. 
experiments a lso  conf i rm t h a t  synov ia l  f l u i d  i s  an e x c e l l e n t  l u b r i c a n t  f o r  - - - O  
c a r t i l a g e .  & < 
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McELHANEY, James H., Stalnaker, Richard L.  and Estes , Michael S. 

- I : Dynamic Mechanical Properties of Scalp and Brain 
r 
-i- 

- Proc. Rocky Mountain Bioengng Synp. pp.67-73, 1969. 
2 -  / -*-T 

7 ABSTMCT: The research described in th i s  paper i s  the specif icat ion of the 
- mechanical properties of the scalp and brain in su f f i c i en t  de ta i l  t o  allow the ' 

construction of appropriate physical and mathematical models. The resu l t s  of 9 experiments indicate t h a t  the brain i s  re la t ive ly  incompressible with a bulk 
rmdulus of 300,000 psi .  I t s  response in the capi l la ry  rheometer indicates i t  i : -: i s  m r e  sol id than f lu id ,  while compression t e s t s  have yielded a model which 

J g characterizes i t s  compressive response over a wide range of s t r a in  rates .  
I -- 
; ..- 
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McMahon,S.M. ,Permutt,S. and Proctor ,D.IF.  - - - C 
1 -  A Model t o  Evaluate Pleural Surface Pressure Measuring Devices 1 -  a 

- J .  Appl. Physiol. 27(6),  886-891, 1969 3 ; 

a - -  - Abstract: Devices which have been used fo r  measuring pressure i n  the  pleural 
:- c 

a -h space were tested i n  a model system where the surface pressure which existed 
- 

f 
before the insertion of these sensors was known precisely.  Systematic differences-  0 

*: 
were found between the pressure which existed before the  insert ion of the r Q 

7 ,  sensor and the pressure seen by the sensor. The pleural cannula,f luid-f i l led - - 0 
catheter ,  ad a i r - f i l l ed  needle were generally found t o  underestimate the sur- 

- 

7 face pressure; whereas the a i r - f i l l ed  balloon overestimated the surface 
- c 

pressure. Certain underlying principles which influence the a b i l i t y  of a sensor - 
-2 to measure surface pressure accurately were defined. They suggested tha t  an • 
- appropriate sensor t o  measure pleural pressure should be t h in  and f l a t .  A f l a t  

- 

> Starl ing res i s tor  most accurately measured surface pressure i n  the model 
- 

i a 
system. 

- 
:. a - * ' intrapleural pressure ,; Star1 ing res i s tor  

< 
C 
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McMaster,J.H, and Weinert,C.R., J r .  t -  l 
-5 Effects of Mechanical Forces on Growing Cartilage 

i 1 . -12 Cl in, Orthop. 72:308-314, Sep-0ct ,1970. 
--.L4 Gi -& 3'. 1 Abstract:(Sununary) This study further defines the postulates of Hueter and c 

Volkmann concerning the response of actively growing car t i l age  to  physical forces :- @ ' -ki 
;i and leads t o  the following conclusions: ,". 0 I 

-:I 1 .The mitotic rate  of embryonic car t i lage can be stimulated by minute compressive ?. s 

and dis t rat ive forces. 2 ! 7 ~  - 2.This response i s  decreased by a force of 2.0 mglcm applied fo r  more than 48 hrs. . 2 3. The newly-formed car t i lage isqui t e  malleable, possessing properties s imilar  
- 

- -  to  those of  a highly viscous f luid.  Melleability may play a role in the develop- e 
ment of congruous joint surfaces whose configuration permits optimal weight -.- : @  - >-: distribution. Malleability may also be an important factor  in the genesis of I ,  

deformities when the skeleton i s  subjected t o  abnormal forces. Calcification -< 
and ossification of car t i lage may reduce amlleability and t ransfer  a record of .- 

a -.- the effects of mechanical forces on car t i l age  t o  bone. 
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McMahon,S.M., Proctor, D . F .  and Permutt,S. 0 

; Pleural Surface Pressure in Dogs k! -:-a , -: J .  Appl . Physiol . 27(6) ,  881-885, 1969 ( 3 , .  j 
.: - $i- 1 

- Abstract: End-expi ratory pressures were measured in the l e f t  pleural space of - .-a , 
: dogs with pairs of Starling res i s tors .  Pressures were analyzed in  terms of body -1 

- t i 1  t position a n d  posture upon a t i 1  t table .  In supine animals in the horizontal 
position, the pressures acting o n  the craniad and caudad sensors were al ike.  

- In animals placed i n  the right-side-down posture, the sensors were most nearly - -  
alike in the 45" head-up position, b u t  not in the horizontal position. This C '- difference may represent the influence of the heart and mediastinal structures . o 

--;i on pleural surface pressure. The intrapleural pressure gradient in the right- - 
.f side-down posture was 0.16 cm H O/cm fo r  the 90" head-up position and 0.21 cm 7 , 

>‘Ti2 H O/cm for  the 90" head-down pogi t ion.  In the supineposture, the average - - 
- g?adients were 0.20 cm H20/cm for  the 90' head-up and 0.31 cm H20/cm fo r  the 2- 3 . 2; 

90' head-down positions. 
-:I 

Star1 ing resis tor ;  pleural pressure gradient; posture; gravity --=. 
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McNeal ,John E .  5 , -  @ 1 
Sclerodema and the  Structural  Basis of Skin Compliance : a  
Arch Dermatol/107:699-705,1973 - ; I 

- 
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Abstract: The a rch i t ec tu re  and f i b e r  s t ruc tu re  of the  dermis in  scleroderma were 
compared t o  normal skin using techniques of polar iza t ion microscopy, horizontal  
sec t ioning,  and manipulation of f resh  t i s sue  under the  microscope.Scleroderma- . 8 
tous skin was not s ign i f i can t ly  d i f f e r e n t  from normal i n  any of the  s t r u c t u r a l  e 
features s tudied,  ye t  skin compliance, which i s  an i n t r i n s i c  property of normal < 
dermal a r c h i t e c t u r e ,  was markedly reduced. Manipulation of th in  f resh  t i s s u e  

- c- sections under the  microscope indicated tha t  loss of compliance was probably - 
re la ted  to  abnormally strong adhesive forces bonding together otherwise normal . e 
f ibe r s .  By con t ra s t ,  in compliant, normal sk in ,  independent f i b e r  mobili ty was @ 
consis tent ly  demonstrated. With rout ine  microscopy, the  appearance t h a t  the  . 
s t ruc tu re  of the  dermis in  scleroderma i s  a l t e r e d  i s  probably produced by t h e  ---< 
close  compacting of f i b e r s  tha t  a re  abnormally adherent b u t  show no s t r u c t u r a l  -;- 
a1 t e ra t ion .  E.. 6 I 
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7 -  - Some Mechanical Properties of the  Third Human Lumbar In ter laminar  Ligament z e -T (Ligamenturn Fl avurn) - 
.: J r .  of Biomechanics, Vol , l  No.4, 211-220, 1968. 31- @ 1 

..-- - 3 -  0 I 
d 

i Abstract: The interlaminar 1 igament between the  neural arches of 1 3  and L4 i, e ; 
i vertebrae of 10 post mortern subjects ,  aged 13-79 y r ,  was subjected  t o  tens ion ? e  
-1 t e s t s  in  Ringer solut ion.  The 1 igament was almost pe r fec t ly  e l a s t i c  i n  behavior. ; - -4 This property could be due to high contents of e l a s t i c  f i b e r s  in  t h e  1 igament as - - 4 the  proportion of e l a s t i c  t o  collagen f i b e r s ,  as obtained by biochemical assay - -  

- e 7 i n  four ligaments was 2 : l .  The ligament pres t resses  the  d i s c  by a f o r c e  ranging - 
+, 1500 g i n  the young t o  4009 in  the aged. I t  accounts f o r  t h e  in t r a -d i sca l  pressure - 
-:. of about 0.70 kg/cm2 as found by pressure measurements i n  autopsy sp ines .  The --• 
I! e l a s t i c i t y  of the  ligament prevents i t  from orotruding i n t o  t h e  sp ina l  canal in  --• 

@--!I backward bending. In forward bending i t  exe r t s  a momentum of up t o  about 30 kg -- 

> cm, which i s  small load compared to  the  load on the  d i s c  in  the  l i v i n g  man. The - - 

1 igarnent exhibi ts  non-1 inear v i  scoel a s t i c  proper t ies ,  but  the  time dependent be- - e  
- havior i s  l e s s  s ign i f i can t  t h a t  in sk in ,  tendon or2costal  c a r t i l a g e .  Values f o r  

- - .- s t r e s s  and r t r a i n  a t  rupture ranged from 100 kg/cm a t  70 per cent  i n  t h e  young 
A • 

- -  .- t o  20 kg/cm a t  3r) per cent i n  the  e lde r ly ,  respect ively  w i t h  s i g n i f i c a n t  age - 
- 

- correlat ion for s t r e s s .  The Modulus of E l a s t i c i t y  a t  ruptu e decreased s i g n i f i -  . 5 3 -- cantly w i t h  age from 1.000 kg/crn2 in  the  young t o  200 kg/cm in  the  aged. - a  

. - - -  - - c 
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- I n t r a v i  t a l  Dynamic P re s su re  aeasurements  in Lumbar D i s c s  
Scand.J .  Rehabil-Med. Supp.#l Vo1.2 ,  1-40, 1970 - . 1 
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- : Function and Structure of the Lung.  A new concept of the lung function 
j_ 

- -  0 
. observed from the structure. :- - IRYO (Tokyo) 24: 748-57, Oct. 70 (JAP) 
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: Soft Tissue Injuries and Injury Tolerance Levels 
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NAHUM,Alan M.,  Gadd,Charles W., Schneider, Dennis C .  & Madeira,Richard G. 43 
Tolerances o f  S u p e r f i c i a l  S o f t  Tissues t o  I n j u r y  ,: ! 
The Journal  o f  Trauma,12:1044-52,Dec.1972. i?ld , 

L - -  
- Abs t rac t : (Sumary )  E f f e c t s  o f  se lec ted  impacts t o  l o c a l i z e d  areas o f  t h e  super- 'I @ 

; f i c i a l  t i ssues  a r e  presented. Tes t  c o n d i t i o n s ,  i n c l u d i n g  t ime o f  exposure t o  t h e  8 

- l oad ing ,  have been chosen i n  such a way t h a t  i t  i s  b e l i e v e d  t h e  r e s u l t s  may be o f  r 9 
- j p r a c t i c a l  va lue i n  i n d i c a t i n g  approximate to le rances  o f  t h e  s u p e r f i c i a l  t i s s u e s  7- a  

t o  common tyDes o f  acc iden ta l  l oad ing .  ' C  
The geometr ica l  shapes o f  the impac t ing  t i p s ,  t h e  i n t e n s i t i e s  o f  impact,  and -. 

the  magnitude of the  r e s u l t i n g  t i s s u e  damage are g i v e n  i n  s u f f i c i e n t  d e t a i l  t o  . -  
enable the  t e s t s  t o  be dup l i ca ted  on a r t i f i c i a l  s i m u l a t i o n s  o f  t h e  b i o l o g i c a l  @ 
m a t e r i a l s ,  and thus t o  determine t h e i r  s u t i a b i l  i t y  f o r  t h e  c o n s t r u c t i o n  o f  . - 
ant t i ropometr ic  dumnies. 
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b Nakashima ,Teryyuki , and Tani kawa , J u n j i  : • ; A study of human a o r t i c  d i s t e n s i b i l  i t y  w i t h  r e l a t i o n  t o  a t h e r o s c l e r o s i s  and a g i n g  - 

Angio logy 22:477-90, Sept. 1971 
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Force-Veloc i  ty R e l a t i o n s h i p  o f  Cat Card iac bluscle, S t u d i e d  by I s o t o n i c  and Q u i c k  - O 1-4 Release Techniques Z -  , 
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1 Noble, Mark I. M., Bowen, T. Ear le ,  and Hefner ,  L l o y d  L. 1 e 

T*- 

:- F o r c e - V e l o c i t y  R e l a t i o n s h i p  o f  Cat Card iac Muscle, S t u d i e d  by  I s o t o n i c  and 0 
- Q u i c k  Release Techniques r7 : 9 ,  

: C i r c u l a t i o n  Research, Vol. X X I V ,  pp. 821-833, 1969 - :* e -- 8 

1 8  
ABSTICT: (con t inued)  When these q u i c k - r e l e a s e  f o r c e - v e l o c i t y  cu rves  were + 2 -  e I 

c o r r e c t e d  f o r  the  presence o f  an e l a s t i c  e lement  i n  p a r a l l e l  w i t h  t h e  c o n t r a c -  , 
t i l e  e lement  f o r c e - v e l o c i  t y  curves were h y p e r b o l i c .  -5 C 

2 -  1 - .:L 
;I. < 

- KEY WORDS: rrlyocardi urn fo rce -ve loc i  t y  r e 1  a t i o n  l e n g t h - f o r c e  c u r v e  C 2 :- @ 
- s y s t o l i c  q u i c k  re lease  muscle models a c t i v e  s t a t e  o f  c a r d i a c  muscle ? 

; 0 ,  @-; A . V . H i l l l s e q u a t i o n  - 
@-&; :- 1 
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i ABSTRACT: Con t rac t ions  o f  i s o l a t e d  c a t  p a p i l l a r y  muscle were s t u d i e d  u s i n g  a  I L  ' 

l e v e r  system w i t h  an e lec t romagnet i c  l o a d  which a l lowed an o n - l i n e  computer t o  @ 

- : c o n t r o l  the  exper iment  and t o  process a l l  the  data. I s o t o n i c  f o r c e - v e l o c i t y  - -- e 
curves were determined i n  17 c a t  p a p i l l a r y  muscles; t h e  curves were n o t  hyper- -<. -- b o l i c .  F o r c e - v e l o c i t y  curves a t  c o n s t a n t  t ime  i n  t h e  c o n t r a c t i o n  and c o n s t a n t  0 1. c o n t r a c t i l e  e l e n e n t  l e n g t h  were o b t a i n e d  w i t h  a  s y s t o l i c  q u i c k - r e l e a s e  tech-  

@ L n i q u e  i n  9 muscles. The v e l o c i t y  of s h o r t e n i n g  a f t e r  r e l e a s e  t o  l o w  f o r c e  was - * 
- - 1  - a lmost  always l e s s  than  t h e  maximum recorded f o l l o w i n g  r e l e a s e  t o  s l i g h t l y  - - 8 
- >  h i g h e r  fo rce .  When qu ick - re lease  f o r c e - v e l o c i t y  curves determined a t  d i f f e r e n t  - 8 

t imes i n  t h e  c o n t r a c t i o n  were compared, t h e  maximum v e l o c i t y  o c c u r r e d  a t  = 
approx imate ly  60% o f  the  t ime t o  peak i s o m e t r i c  fo rce .  The fa11 i n  v e l o c i t y  6 1 a t  l ower  f o r c e s  was more marked l a t e r  i n  t h e  c o n t r a c t i o n .  The shape o f  the  - 

- e qu ick - re lease  f o r c e - v e l o c i  t y  curves was found t o  depend on muscle l e n a t h .  A t  --- 

- -- a  cons tan t  t i m e  o f  re lease,  and i g n o r i n g  t h e  low f o r c e  end o f  t h e  c u r v e s ,  the 0 

L qu ick - re lease  f o r c e - v e l o c i t y  r e l a t i o n s h i p s  were n o t  h y p e r b o l i c  a t  muscle l e n g t h s  1 -  
- a p p r e c i a b l y  below optimum, b u t  n e a r  the  op t ima l  l e n g t h  t h e  curves were h y p e r b o l i c .  O 



- i loble,  Mark I. M. and Else,  Wendy I -  . C 
3 Reexamination of the A p p l i c a b i l i t y  of the H i l l  Model o f  t luscle t o  Cat Myocardium 

,, ; C i r c u l a t i o n  Research, Vol. X X X I  , pp. 580-589, 1972 
1 -- - <  ABSTRACT: I n  c a t  p a p i l l a r y  muscles, which were per fused w i t h  oxygenated physio-  
.. - l o g i c s a l i n e  a t 2 6 ° C a n d c o n t r a c t i n g i s o m e t r i c a l l y a t  15beats /min ,  sho r ten ing  L.- 

i -: steps were imposed 330 msec a f t e r  s t imu la t ion- -near  the  peak o f  i some t r i c  lrIv < - t w i t c h  fo rce - -  and 170 msec o r  250 msec a f t e r  s t imu la t i on - -du r i ng  fo rce  develop- 
;;a ' 0  - 

- --- ment. The force immediately f o l l ow ing  the shor ten ing s tep was measured. From the -I. 8 
r e s u l t s  a t  330 msec, we p red i c ted  the r e s u l t s  a t  the e a r l i e r  t i m s  assuming t h a t  5 , 

- the sudden drop i n  f o rce  was due t o  r e c o i l  o f  a  se r i es  e l a s t i c  component (SEC) 
- . A a lone;  however, the ac tua l  r e s u l t s  d i f f e r e d  from the p r e d i c t e d  r e s u l t s .  The .- : e 
: shor ten ing step requ i red  t o  drop the fo rce  t o  zero a t  the e a r l i e r  t i m s  was g r e a t e r - -  

than p red i c ted ;  i n  o the r  words, the force immediately f o l l o w i n g  a  shor ten ing 1-1. g I 

- s tep p r e d i c t e d  t o  drop the f o r c e  t o  zero was f i n i t e ,  The r e s u l t s  are n o t  cornpat ib le3- e 
' w i t h  the  hypothesis t h a t  the sudden drop i n  f o rce  accompanying the sho r ten ing  s tep  , -2- ( t he  qu ick- re lease phenomenon) i s  due t o  the sudden r e c o i l  o f  the  SEC, which i s  

I;  0 'i s t r e t c n e d  t o  d i f f e r e n t  lengths  a t  the two times. They are compatible w i t h  the r* 8 - t hypotheses t h a t  (1 )  the qu ick- re lease phenomenon i s  a p rope r t y  o f  t he  c o n t r a c t i l e  A _ component o r  ( 2 )  the SEC compliance i s  a  f u n c t i o n  o f  the degree o f  a c t i v a t i o n .  id  - ; 
?- Therefore,  we concluded t h a t  nonser ies e l a s t i c i t y  c o n t r i b u t e s  t o  the qu ick- re lease 3 6 

. -- - ). .-.I- 
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3 ':: Noble, Mark I. M. and E lse ,  Wendy 
0 , Reexamination o f  the  A p p l i c a b i l i t y  o f  the  H i l l  Model o f  Muscle t o  Cat -4 C i r c u l a t i o n  Research, Vol. X X X I ,  pp. 580-589, 1972 
@ - 4  
1 

"i 
e . .- ABSTRACT (cont inued) phenomnon and shou ld  be considered when the H i l l  model 

I?. 1 

, *$ i s  app l i ed  t o  h e a r t  muscle. I n  p a r t i c u l a r ,  i s o m e t r i c  c o n t r a c t i o n  cannot be 
4I a 

;;I-. 0 i - m d e l e d  by a  c o n t r a c t i l e  component s t r e t c h i n g  an SEC o f  constant  phys i ca l  . -4 c h a r a c t e r i s t i c s .  

3 KEY WORDS C o n t r a c t i l e  component s e r i e s  e l  a s t i  c  component q u i  ck-re lease 5 phenomenon myocardi a1 c o n t r a c t i o n  a c t i v e  s t a t e  i s o m e t r i c  t w i t c h  
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:. Abstract: In this chapter results obtained from an analog computer that  simulates - < 
;- the action of the l e f t  ventricle and of the systemic arterial t ree will be 0 
- 3  presented after a brief description of the setup of this computer. Some o f  t h e  
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- - - - < -  3 OmMya, A.K., Y a r n e l l  .P., H i r s c h ,  A.E. and H a r r i s ,  E.H. 
S c a l i n g  o f  Exper imenta l  Data on Cerebra l  Concussion i n  Sub-Human Pr imates  t o  '. : Concussion Thresho ld  f ~ r  Man ( s f -  • I 1 OF--. 
Proc. 1 1 t h  Stapp Car Crash Conf.,  pp.47-52,SAE Paper #670906, 1967. 7. - - -- 

T l i b  - A b s t r a c t :  A method o f  e x t e n d i n g  t h e  r e s u l t s  o f  exper iments  on concussion-produc-  ; 

- i n g  head r o t a t i o n s  on lower  p r i m a t e  s u b j e c t s  t o  p r e d i c t  t h e  r o t a t i o n s  r e q u i r e d  
t o  produce concussions i n  man i s  p resen ted .  A r a t i o n a l  scheme o f  development 1- @ 

- - o f  t h e  o v e r a l l  i n v e s t i g a t i o n  i s  o u t l i n e d .  T h e o r e t i c a l  s c a l i n g  f a c t o r s  a r e  - C I e -. d e r i v e d  and d iscussed  and t h e  r e s u l t s  o f  concuss ion-p roduc ing  t e s t s  on t h e  - C - Rhesus monkey a r e  p resen ted  i n  c h a r t  form.  A c h a r t  o f  a n g u l a r  a c c e l e r a t i o n  r e -  . -: . -- q u i r e d  t o  produce concuss ion  i n  t h e  Rhesus monkey i n d i c a t e s  t h a t  an a c c e l e r a t i o n  -- . 
o f  40,000 r a d i a n s  p e r  second2 w i l l  have a >99% p r o b a b i l i t y  o f  p r o d u c i n g  con- -- - 

1 c u s s i o n .  The s c a l i n g  f a c t o r s  p r e s e n t e d  h e r e i n  t e n t a t i v e l y  i n d i c a t e  t h a t  an - 2 • .I a c c e l e r a t i o n  o f  7,500 r a d i a n s  p e r  second2 w i l l  have t h e  same p r o b a b i l i t y  o f  - • 
p r o d u c i n g  concussion i n  man. 2- • 

1:- 1 - 7 
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- - -  b u l  7 - '  f i  -J -nr ! z > , e '  , (I -, 716 t ~ r  , I - U ' - . C I  r ~ e 1 , ~ ~ I ~ - u  T - o l ~ - ~ ' - - ?  $ L t i t  k z i ~ f e  .$-, t rd  ~ i a ~ s c c ~  - 

---+ -- & --A - ---- -i 1--- . 
/ 2 O s t r e i c h e r ,  H.L. :- • , 

T -4 F i e l d  and Impedance o f  an O s c i l l a t i n g  Sphere i n  V i s c o u s - E l a s t i c  Medium w i t h  an 
- A p p l i c a t i o n  t o  B i o p h y s i c s .  -- :- ' 

L- 

- J .  Acoust.  Soc. Am. 23:6 707-714, 1951 
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0 ,  4' 
- -  . I 6 ABSTRACT: W i t h  an a p p l i c a t i o n  t o  human t i s s u e  i n  v iew,  a t h e o r e t i c a l  a n a l y s i s  of 5 . -A 

t h e  b e h a v i o r  o f  mechanica l  v i b r a t i o n s  i n  a medium w i t h  e l a s t i c ,  v i s c o u s ,  and r e -  - 
- l a x a t i o n  p r o p e r t i e s  i s  made. For  t h i s  purpose,  t h e  e q u a t i o n s  o f  wave m o t i o n  i n  a .I!!! 

v i s c o e l a s t i c  medium a r e  d iscussed  i n  g e n e r a l  and s o l v e d  f o r  two problems , w h i c h  '- 
2 a r e  s i g n i f i c a n t  f o r  t h e  p r o p a g a t i o n  and t h e  t r a n s f e r  o f  v i b r a t i o n  energy :  (1  ) i - (. 

- f  energy p r o p a g a t i o n  and a b s o r p t i o n  i n  p l a n e  waves, ( 2 )  f i e l d  and impedance of an  
2 . - o s c i l l a t i n g  sphere.  @.I 
-- 

-- -. = .  I The r e s u l t s  show t h a t  t h e  energy  i s  p ropaga ted  i n  two k i n d s  o f  waves, t h e  - -  
@-: r e l a t i v e  i n i e n s i t i e s  o f  which change s t r o n g l y  w i t h  f requency :  t r a n s v e r s e  waves, 0 
3 i. owing t o  t h e  shear  e l a s t i c i t y  and v i s c o s i t y ,  and compress ion  ( a c o u s t i c a l )  waves, - 

---- owing t o  t h e  volume c o m p r e s s i b i l i  t y  o f  t h e  medium. A more d e t a i l e d  t r e a t m e n t  i s  
I - t h e n  accoap l i shed  f o r  human muscle t i s s u e  b y  i n s e r t i n g  t h e  approx imate  va lues  o f  - . - - 

. -- 
i t s  e l a s t i c  cons tan ts  i n t o  t h e  g e n e r a l  f o r m u l a s ,  t h u s  e x p l a i n i n g  t h e  b e h a v i o r  

- . i n  a f requency range f r o m  0 up t o  s e v e r a l  hundred  k c .  - 
\ --: -- :. 
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Oberman, A l b e r t ,  Myers, A l l e n  R . ,  Karunas, Thomas M., and Eps te in ,  F r e d e r i c k  H. 
0 

-3 H e a r t  S i z e  o f  A d u l t s  i n  a  J a t u r a l  P o p u l a t i o n  --  Tecumseh, M ich igan  < 
, - 1  . - C i r c u l a t i o n ,  Vo l .  35, pp. 724-733, 1967 1 Q 
I @  : - e 

- - - -  ABSTRACT: Roentgenologica l  d e t e r m i n a t i o n s  o f  t h e  t r a n s v e r s e  d i a w t e r  and c a r d i o -  -'--* -: 
- t ~ l o r a c i c  r a t l o  i n  3,985 s u b j e c t s  agea 20 y e a r s  o r  more, f rom Tecumseh, Mich igan,  
- r e p r e s e n t  t h e  f i r s t  r e p o r t  on t h e  measurement o f  h e a r t  s i z e  i n  a  t o t a l  community. 

C 
0 -21 The i n f l  uence O f  c a r d i o v a s c u l a r  a b n o r m a l i t y ,  h e i g h t ,  and weigl,t on h e a r t  diameter 

and c a r d i o t n o r a c i  r a t i o  i s  de te rmined  across a l l  age and sex d i v i s i o n s  f o r  t i l e  t3 
e 1 -  e n t i r e  a d u l t  p o p u l a t i o n .  A c o n s i s t e n t  h i e r a r c h y  o f  h e a r t  d iamete r ,  independent  o f  -0 

age, h e i g h t ,  and we ig i l t ,  has been demonstrated so  t h a t  t h e  d i a m e t e r  o f  t he  h e a r t s  - o f  abnormal males > normal males) abnormal females> normal females, H e a r t  d i a -  ea - -  meter ,  e s p e c i a l l y  i n  t h e  males, d i s t i n g u i s h e s  t l i e  abnormal segment o f  t h e  popula-  1 @ ;  t i o n  more e f f e c t i v e l y  than t n e  c a r d i o t n o r a c i c  r a t i o ,  b u t  an age and sex-spec i f , c  --- 
,. -4 c a r d i o t h o r a c i c  r a t i o  may be t h e  most v a l u a b l e  i n  t h e  c l i n i c a l  s j t u a t j o n ,  ~ 0 t h  - 63 > 11 masurements r e l a t e  d i r e c t l y  t o  age, sex, and w e i g h t ,  b u t  t h e  r e l a t i o n  t o  h e i c h t  8 
-3 i s  dependent on w e i g h t .  Study o f  h e a r t  s i z e  i n  a  genera l  p o p u l a t i o n  r e v e a l s  t h a t  - @ ) A measurements as s imp le  as h e a r t  d iamete r  and c a r d i o t h o r a c i c  r a t i o  may be e f f e c t i v e -  

= I  

l y  a p p l i e d  to  c l i n i c a l  and e p i d e m i o l o g i c a l  c a r d i o v a s c u l a r  e v a l u a t i o n s .  - -- 
-: - _-. 

H e a r t  s i z e  Transverse h e a r t  d i a m e t e r  C a r d i o t h o r a c i c  r a t i o  C a r d i o v a s c u l a r  :: @ 

f -,, epidemio logy  Card iac  enlargement  ; 0 
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Parke, W. W . ,  and S c h i f f ,  D. C. M. 8 - The A p p l i e d  Anatomy o f  t h e  I n t e r v e r t e b r a l  D i s c  I= O , . -+ o r b o p .  C l i n .  ~ l o r t h  Am., Val .  2, l i0.  2 ,  PP. 309-324 g - -  
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-1: ~ S T R A C T :  The i n t e r v e r t e b r a l  d i s c  i s  t h e  f i b r o c a r t i l a g i n o u s  C O V ~ ~ X  t h a t  f o r m  
t h e  b e k e e n  t i l e  bod ies  o f  t h e  ve r tebrae .  t l iougn i t  p r o v i  des 6 ^ a 

-5 very strOng union e n s u r i n g  t h e  degree o f  i n t e r v e r t e b r a l  f i x a t i o n  t h a t  i s  w c e 5 -  1 O 

= sary f o r  e f f e c t i v e  muscular  a c t i o n  and t h e  p r o t e c t i v e  a l ignment  o f  t h e  n e u r a l  C 
" canal,  t n e  summatJon o f  t h e  l i m i t e d  movements a l l o w e d  by each d i s c  i m p a r t s  t o  - 

-- - e 
-2 t h e  s p i n a l  co l  u r n  as a  whole i t s  c h a r a c t e r i s t i c  u n i v e r s a l  m t i o n .  Tne d i s c s  - 
: of v a r i o u s  s p i n a l  reg ions  may d i f f e r  c o n s i d e r a b l y  i n  s i z e  and i n  some d e t a i l ,  -> 

1-  e 
+ 

b u t  t h e y  a re  b a s i c a l l y  i d e n t i c a l  i n  t h e i  r s t r u c t u r a l  orgall1 i a t i o n .  Each con- * 
sists o f  two components - t n e  i n t e r n a l  s e m i f l u i d  mass, t h e  nuc leus  D U ~ P O ~ U ~ ,  - - . 6 

- and i t s  l a m i n a r  f i ~ r o u s  c o n t a i n e r ,  t l ie  anulus f i b rosus .  I:. < -2 - 
:- > 2 i-:i 8 
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Parmley, W i l l i a m  W. , M.D., B r u t s a e r t ,  D i r k  ;. , M.D., and Sonnenbl ick,  Edmund ti. - I) 

>-; E f f e c t s  o f  A l t e r e d  Loading on C o n t r a c t i l e  Events i n  I s o l a t e d  Cat P a p i l l a r y  Mus- - . -: c l  e  :- I) I 

C i r c u l a t i o n  Research, Vol. X X I V ,  pp. 521-532, 1969 p-- 
- -. 

- I) 
= -  I) , ; ABSTRACT: dhen the  m d e  o f  c o n t r a c t i o n  o f  t h e  c a t  p a p i l l a r y  muscle i s  changed 

I) a b r u p t l y f r o m i s o 7 ; o n i c t o i s o m e t r i c , t h e t e n s i o n o f t h e f i r s t i s o m e t r i c c o n -  .. 

-7 t r a c t i o n  1s as mucn as 222 g r e a t e r  and l a s t s  s u b s t a n t i a l l y  l o n g e r  than  t h e  -- . . - d . - 3  subsequent  s t a b l e  i s o m e t r i c  c o n t r a c t i o n s  a t t a i n e d  a f t e r  a  few beats.  T h i s  c- - -  p r e v i o u s l y  undescr ibed ohenomenon i s  l a r g e l y  independent  o f  p r e l o a d  o r  i n o -  0 i. 
t r o p i c  i n f l u e n c e s ,  b u t  IS g r e a t l y  d i m i n i s h e d  a t  l o w e r  temperatures.  Force- - I) 
v e l o c i t y  curves e q u i v a l e n t  t o  the  f i r s t  i s o n e t r i c  c o n t r a c t i o n  r e v e a l e d  a  maxi- -:- .- 9 mum v e l o c i t y  o f  s h o r t e n i n g  9.5i2.0% g r e a t e r  than  t h a t  o f  t h e  s t a b l e  i s o w t r i c  -. - - c o n t r a c t i o n .  Thus apparent  changes i n  muscle c o n t r a c t i  l i t y  can occur  whenever - > --; t h e r e  a re  sudden s u b s t a n t i a l  changes i n  t e n s i o n  d e v e l o p m n t .  Th is  e f f e c t  may ! 
be due t o  t r a n s i t o r y  changes i n  f r e e  i n t r a c e l  l u l a r  c a l c i u m  o r ,  a1 t e r n a t i v e l y ,  ' I) -4 t o  t h e  presence o f  a  v iscous e lement  i n  c l o s e  a s s o c i a t i o n  w i t h  t h e  c o n t r a c t i l e  i- I) , '-I element. -- :. a - 

Z I )  K E Y  WORDS: v i scous  e lement  c o n t r a c t i  1  i t y  i s o t o n i c  i s o m e t r i c  h o m e o m t r i  c  -'- 
a -5 a u t o r e g u l a t i o n  

'ma x p a i r e d  s t i m u l a t i o n  t - 
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, Parmley, Loren  F., ~ a t t i n g l ~ ,  Thomas W . ,  Manion, W i l l i a m  C. and Jahnke, - 0 

9 - Edward J .  J r .  -- :- I) - 3 - - ,  Nonpene t ra t inq  T raumat ic  I n j u r y  o f  t h e  A o r t a  2 I); 

-7 C i r c u l a t i o n ,  Volume 7 7 ,  1086-1101, Jun.1958 + 
:- I) , -- 

'7 A b s t r a c t :  Rupture o r  l a c e r a t i o n  o f  t h e  a o r t a  i s  a  more common r e s u l t  of non- 
f ,  I) 1 

p e n e t r a t i n g  t r a u m a t i c  i n j u r y  than  i s  g e n e r a l l y  a p p r e c i a t e d .  Approx imate ly  15 0 ' 7 
- - I  p e r  c e n t  o f  i n d i v i d u a l s  w i t h  t r a u m a t i c  r u p t u r e  s u r v i v e  t e m p o r a r i l y .  If t h e  - -? < 

l e s i o n  i s  p r o m p t l y  diagnosed a o p r o p r i a t e  s u r g i c a l  t r e a t m e n t  may be l i f e - s a v i n g .  - @ 
_i Diagnos is  may be d i f f i c u l t  and a t  t imes  t h e  r u p t u r e  may rema in  c l i n c i a l l y  

- . -1 I d  
s i l e n t  f o r  v a r i a b l e  p e r i o d s .  The n a t u r a l  course  f r o m  a o r t i c  r u p t u r e  t o  f a l s e  i I) 

3 aneurysm f o r m a t i o n  w i t h  secondary r u p t u r e  o f  t h e  aneurysm may be b r i e f  o r  ex tend  -: 
@ I, o v e r  many y e a r s .  S u r g i c a l  t r e a t m e n t  o f a  f a l s e  aneurysm t h a t  has remained s t a b l e  
---- f o r  a  p ro longed  p e r i o d  has been s u c c e s s f u l ,  b u t  i n  some i n s t a n c e s  c o n s e r v a t i v e  - I) 

management may be t h e  t r e a t m e n t  o f  cho ice .  i -  I) 1 - 
3 

: I )  - " 

: - 
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PARODI .Eduardo N .  , Kaiser, Gerard A , ,  Wolff, Marianne, Koval ik ,A.T.W .&Walrn,J . R .  
Comparative Study of the Tensile Strength of Autogenous Systemic Vei nslpreserved 
Venous Homografts 

- Q 

J.of Surg. Res. 12:99-104,1972 
'.I * 

Abstract: (Sumnary) There i s  a minimum decrease of tensi le  strength in saphenous veir;) 
veins a f t e r  i r radiat ion (5%), when compared to fresh controls. @ 

2.This difference i s  larger in cephalic and brachial veins (45-55%), when compare4 . 
to the fresh saphenous vein controls. fl- 

3.  There i s  no demonstrable morphological aleration in the saphenous vein walls 
a f te r  i r radiat ion and freezing . I . 
4. We suggest the use of saphenous vein hornografts, s te r i l i zed  by i r radiat ion 0 
and preserved by freezing, in  those cases in which i t  i s  not feasible  to use 8 
saphenous vein autografts . r- - -  - 8 
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0 > -  Partington, F. R .  and Wood, G.  C .  .: , 
- I  8 - The role of non-col lagen components in the mechanical behavlour of tendon f ibers  

0 *: - Biochim . Biophys. Acta. 69. 485-495, 1963 r=- 

:. a 
C SUMM4RY:Determination of load-extension curves of ra t - ta i l  tendon f ibres  showed - @ d 

- 1  that  when extension was restr icted to 2% the slope of the l inear  portion of the Q .3 curves was unchanged i n  successive t e s t s .  The change of slope resulting from - . *- 

enzymic treatment was used to assess the damagine effect  of hyaluronidase and trypsi;  
-2 Pure hyaluronidase had no significant effect  indicating that  chondroi t i n  sulphate - 
. A and C and hyaluronic acid are not important in s tab i l i s ing  the f ibres  according C3 

- t o  th i s  c r i te r ion .  Other preparations of hyaluronidase did damage the f ibres  and 8 
- th i s  i s  attributed to  the presence of enzymic impurities which attack in t e r f i -  - -  8 
.Tf br i l l a r  matrix rather than the collagen of the f ibres .  Evidence i s  presented - -- e > : that  i t  i s  the non-co1 lagenous protein of the matrix that  i s  attacked and which 

-- a = i s  important in s tabi l is ing the native f i b r e s ,  -. 
- 0 )  - 
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I ; Pate: , Dali J. , Mallos, Alexander J ,  and Fry, Donald L. ;- . 
; ; Aortic mechanics in  the l i v i n g  dog - > ; J.  Appl. Physiol. Vol. 16, 140. 2, 293-299, 1961 r- t .  
1 a - :  ; - - 

- AdSTRACT: Trie relat ionsri ip between longitudinal  s t r a i n ,  ci  rcumferential s t r a i n ,  - 
7 l a t e r a l  in t ravascular  pressure ,  blood ve loc i ty ,  and longi tudinal  motion was 
-I examined in tne aor tas  of 25 l iv ing  tnoracotomized dogs. E lec t r i ca l  ca l ipe r s  - 

with adequate recording cna rac te r i s t i c s  were used f o r  instantaneous measurement 
- 1  --. of diameter and lengtr,.  The r e su l t s  indica te :  a )  with i n s p i r a t i o n ,  the thoracic  - ' 
-: aor t a  increased in l e ~ ~ g t r  and tne abdominal ao r t a  snortened.  b) During cardiac  C 

I - sys to le  tile lengtn i n  tne t ~ l o r a c i c  aor ta  increas2d wi t n  a r i s e  in  pressure ,  mean (b 

. i  value f o r  longitudinal  e x t e n s i b i l i t y  x 1 0 h a s  15% ((i4.8 S.D., k1.1 S . E . M . )  C 
'L per centimeter ti20 pulse pressure.  Tne mean value f o r  the r a t i o  of circumferential  

''I ex tens ib i l i t y  t o  longitudinal  e x t e n s i o i l i t y  was 10. c )  The abdominal aor ta  shor- --a 1 0-4 tened witn cardiac sys to le .  This shortening i s  thought to  be produced by elongating > .-; s t r a i n  of the trioracic aorta.  d)  Tne absolute magnitude of a o r t i c  wall v e l o c i t i e s , .  
- I both radi a1 and long1 tudinal , was very small as compared t o  the  blood veloci ty  a t  
.? tne  same s i t e .  f 6- I 
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- PATEL, Dali J .  and Jan ick i ,  Joseph 5. - 8 '  ': 
'L C A T k O G U E  OF SOME DYNAMIC ANALOGIES USED IN PULMONARY AND VASCULAR MECHANICS 

0 -  Med. Res. Engr. 5:  30-33, 1966 I -- 1 -  

- -  -- 
; Abstract: Mechanical models consis t ing  of various combinations of mass-spring- 
-- 

-15, dashpot are  discussed.  Many of these  models a r e  used i n  pulmonary and vascular  - . , - mechanics. The s teady-s ta te  response t o  s inusoidal  fo rc ing  i s  described i n  
- 2 :  -- -+ some de ta i l  s ince  i t  can be s tudied in  l i v i n g  animal o r  man. 
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- Pate1 9 Dall, J .  9 Janicki , Joseph S . ,  Vaishnav, Ramesh N. and Young, John T, - 0 
Dynamic Anisotropic Vi scoelast ic  Properties of the Aorta in  l iving ~ o g ~ .  : 9 

- - Circulation Research, 101 - 3 2 ,  93-107, Jan.197) + 
0 - :  

:- 6 a 

-- 7- 

- Abstract: The purpose of th i s  paper i s  to  describe the incremental dynamic :. 
: ainsotropic viscoelast ic  properties of  the middle descending thoracic aorta in ; 8 

- ten living dogs. A segment of the middle descending thoracic aorta was isolated 5 @ 

in s i t u  and connected to a reservoir f i l l e d  with oxygenated blood. The pressure, 0 
- --4 longitudinal force and length of the segment were monitored continuously. From --c - -  these data, the incremental e l a s t i c  and viscous moduli were calculated. The : 

resul ts  indicated tha t  the vessel wall was anisotropic, having i t s  greatest  - - -  0 
- f  values of moduli were higher in the in vivo than the in v i t ro  experiments. -. - C 
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i;l PATEL, DALI J . ,  Tucker, William K .  and Janicki,  Joseph S. 
:.. QLi 

i! e '  Dynamic Elastic Properties of the Aorta in  Radial Direction I 

J. ~ p p l .  Physiol. 28(5): 578-582. 1970. - -ii - -  0 
- 1 . 1  - 1 +- - c. 

Abstract: The purpose of th i s  study was to  d i rec t ly  evaluate the viscoelast ic  ; A  
.B properties of the aorta in  the radial direction. A special ly designed instru-  
=- ment capable of superimposing small sinusoidal s t ra ins  on an i n i t i a l l y  strained = 

t issue was used. The upper, middle, and lower thoracic aorta and the abdominal ..I @ 
-: aorta were studied around the physiologic thickness in eight  dogs. The local C - 

as long as the superimposed sinusoidal s t r a in  ; c 
ef fec ts  were found negligible ,  and the data were re- 

- 0 
removal of the t i s sue .  The storage ( E l )  and the - 

calculated as functions of frequency ( o )  and i n i t i a l  s t r a i n .  - 
increased and E "  decreased as the i n i t i a l  s t r a in  was increased @ 

one proceeded from the upper descending thoracic aorta down - 8 
aorta .  A simple l inear  model consisting of a spring and and - 8 

(Voigt model) approximated the experimental data i n  the - 
2-40 Hz. For such a model E l  represents the dynamic e l a s t i c  

: c 
modulus and E" /u  the viscous modulus. 6. . 
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P a t e l ,  D. J . ,  and Fry, D .  L .  
The E l a s t i c  S y m t r y  of Ar te r i a l  Segments in Dogs 
Circula t ion Research, Vol. 2 4 ,  pp. 1-8, 1969 . - - - -  
ABSTRACT: E las t i c  s y m t r y  was s tudied in tne middle descending tho rac ic  a o r t a ,  0 
abdominal ao r t a ,  and l e f t  common ca ro t id  a r t e ry  under physiologic ranges of load- 
ing  in ten dogs. A segment of the  blood vessel was i so la t ed  and hung v e r t i m l l y .  ; 
As the segment was pressurized,  the  radius ,  length ,  and the  ro ta t ion  of the lower 
end of the vessel were measured with respect  t o  the  f ixed upper end. In addit ion,-  
t h e  angular displacement of a glass whisker i n i t i a l l y  placed perpendicularly - C 
througn the wall was measured. From these  data i t  was poss ib le  to  ca lcu la t e  the  

' 

O 
values of shearing s t r a i n s  and elongating s t r a i n s  associa ted  with pressur iza t ion e 
and various imposed longitudinal  s t r e s s e s .  The values of shear ing s t r a i n  varied -. 
from 0.0003 to  0.115 over pressure ranges of 3 t o  270 cm. H 0. In a l l  ins tances  - 

t h e  values of shearing s t r a i n  were much smal ler  than the co?responding elongation - @ 

s t r a i n s .  I t  was concluded t h a t  the vessel has e l a s t i c  proper t ies  t h a t  a r e  near ly  - - 
symmetrical about the  planes perpendicular t o  pr incipal  s t r e s s e s  under physiologic 6 
loading. ,  i . e . ,  the  vessel may be t r ea ted  as a c y l i n d r i c a l l y  o r tho t rop ic  tube. -- 1. 

L 

- or thotropic  e l a s t i c  proper t ies  e l a s t i c  s y m t r y  i n  a r t e r i e s  shear ing s t r a i n -  1 i i n  a r t e r i e s  b.. . 

. .- 
I . , .  
3 :  

3 .-;' 
1 -.i 

-. 
PATEL, D.J.,  Austen, W . G . ,  Greenfield,  J.C., J r .  and T inda l l ,  O.T. 5 -  

r _ .  Impedance of c e r t a i n  l a rge  blood vesse ls  i n  man. I A PJ* + Ann. N . Y .  Acad S c i ,  115: 1129-1139, 1964. ,:i- I - -  
;:. Abstract:  Instantaneous pressure-flow and pressure-radius r e l a t ionsh ips  have 

been studied i n  human subjects  undergoing various the rapeu t i c  su rg ica l  -- • 
procedures. Standard d i g i t a l  computer techniques were u t i l i z e d  f o r  steady s t a t e  1,. analys is  of these da ta .  The respect ive  pressure ,  flow, and radius  contours were : - 0 
subjected to harmonic analys is  not only t o  determine t h e  s i g n i f i c a n t  harmonic - -cO 
content of these funct ions ,  bu t  a l s o  t o  permit  ca l cu la t ion  of impedance funct ions  .,* . 
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PATEL, Dal i , J . I l 4 k c h a n i c a l  P r o p e r t i e s  o f  Large B lood  Vessels 
.- . 4b 
- €2 . -'I The Pulmonary C i r c u l a t i o n  and I n t e r s i t i a l  Space, e d i t e d  by  A l f r e d  P. Fishnan .- 

a  .; and Hans H. Hecht, 1969 
- -  0 

"-4 
ABSTRACT: The purpose o f  t h i s  comun:cat ion i s  t o  sunmarize t h e  work done i n  o u r  @ - 

a  - 3 l a b o r a t o r y  on t h e  mechanical p r o p e r t i e s  o f  t h e  main pulmonary a r t e r y  and t h e  de- 
- 

@ 

scending t h o r a c i c  a o r t a  i n  dogs. *The l a t t e r  i s  i n c l u d e d  here s i n c e  t h i s  vesse l  @ 

a  -:I has been s t u d i e d  i n  much g r e a t e r  d e t a i l  and some o f  t h e  i d e a s ,  w i t h  a p p r o p r i a t e  
-- 

a 5 m o d i f i c a t i o n s ,  cou ld  be adapted f o r  t h e  pulmonary vesse ls .  
. t 

Some o f  t h e  s a l i e n t  f e a t u r e s  o f  mechanical p r o p e r t i e s  o f  t h e  l a r g e  b l o o d  
@ 

8 -2 vesse ls  a r e  descr ibed .  The a n i s o t r o p i c  e l  a s t i c  b e h a v i o r  o f  t h e  pu lnanary  
1 C 
- 

l artery has n o t  been i n v e s t i g a t e d  t o  date.  It i s  hoped t h a t  t h e  approach used - - -- Q 

0 -  I i n  t h e  a o r t i c  s t u d i e s  w i l l  prove u s e f u l  i n  t h i s  regard .  P- :. @ 

3 f :. 0 ,  
l a :  ir - e :  
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" P a t e l , D . J , J . C . G r e e n f i e l d , J r . , a n d F r y , D . L .  Q ' l I n  V ivo  Pressure -Leng th -~ad ius  R e l a t i o n s h i p  of C e r t a i n  Blood Vessels i n  Man - -  e - 3 L and Dog 
- Q - 

I n  P u l s a t i l e  B lood Flow, e d i t e d  by E.  0, A t t i n g e r ,  New York: McGraw,p293-305,1963 _ 0 ';. a  - -  - - 
* 6 l . A b s t r a c t :  It i s  t h e  purpose of t h i s  r e p o r t  t o  s u m a r i z e  a  s e r i e s  o f  s t u d i e s  which - 

we have c a r r i e d  o u t  i n  bo th  man and dog t o  e x p l o r e  t h e  mechanical behav io r  o f  
l f c e r t a i n  b l o o d  vessels  throughout  t h e  c a r d i a c  c y c l e  [6,8,12,11]. The inz tan tdneous  (zi 

0- l a t e r a l  i n t r a v a s c u l  a r  pressure was measured, i n  v i  vo , s  imul  taneous ly  w i t h  one or 
a  - : more of t h e  f o l l o w i n g  v a r i a b l e s :  c i r c u m f e r e n t i a l  w a l l  s t r a i n ,  l o n g i t u d i n a l  w a l l  t I 
l - s t r a i n ,  l o n g i t u d i n a l  w a l l  motion, and r a d i a l  w a l l  mot ion.  I t  i s  o f  m a j o r  i m p o r t -  -2 

- ance t h a t  these measurements be o b t a i n e d  i n  v i v o ,  s i n c e  t h e  mechanical p r o p e r t i e s  
-*; 

o f  a b l o o d  vessel a re  i n f l u e n c e d  by i t s  n a t u r a l  l e n g t h ,  i t s  c o u p l i n g  t o  su r round-  
i n g  t i s s u e s ,  and the  presence of a  normal metabo l i c  m i l i e u  [3,11]. 
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1 0 PATEL, Dali J . ,  Greenfield , J r ,  , Joseph C . ,  Austen, 'W.Gerald, Morrow, Andrew G .  - @ '  

3 -7- and Fry, Donald L. - .  
- @ ,  - Pressure-flow Relationships in the Ascendihg Aorta and Feroral Artery of Man --. 

w 

j 

- J.Appl .Physiol .20(3):459-463,1965,  :- 
_- I ;. - 

Abstract: Using a Kol in-Kado electromagnetic flowmeter and a 20-gauge needle - @ I  

- : connected t o  a Statham transducer, instantaneous blood flow and pressure were ': t 
- measured in the ascending aorta of 3 patients and in the comnon femoral artery -?- - - 
-: of 11 patients.  From the data obtained in the ascending aorta the peak blood 

- flow, cardiac output, peak power, and stroke work were calculated. Harmonic - c. 
analysis of the pressure a n d  f1o:i curves was carried out and the hydraulic input 

. 

- impedance series was calculated for each subject. The constant term (peripheral c. 
vascular resistance) was found to b e  about 12 times as large as the largest  time- - 

j-.- dependent impedance term. Similar analysis of the femoral artery data indicated: - - - @  

: 1)  the noduli of the hydraulic input impedance series dropped with frequency 
-:- @ - -  from an i n i t i a l l y  high constani term, and then varied s l igh t ly  with frequency -- 

norepinephrine administration. I- 

15. @ 

@ .? Experimental Mechanics, March 1971 PI). 1-4. 

material d i s ~ o s i  tion and behavior. 
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! Pennington, Claude L . i * 
3 .  External Trauma of t h e  Larynx and Trachea. Inmediate Treatment and Management 

' 

- -  Ann.Oto1 .Rhino1 .Laryngol . 81 :546-54,1972 57 @ 

( E i  -* 8 

.- Abstract:Laryngeal crush i n j u r i e s  have a predic table  i n j u r y  mechanism and -- I a - I  p a t t e rn  of i n j u r y .  t h e  knowledge of which a ids  i n  an o rde r ly  r e p a i r  by t h e  -- c.- . -. . 
-: surgeon. I z 1 -  = e ,  
-1 Open r e p a i r  of the larynx within e i g h t  days i n  seve re  crush i n j u r y  allows 

. 
C 
* - -  @ 

- - -  microscopically accura te  anatomic reconst ruct ion of the larynx wi th  maximum - - 
0 :  -- preservat ion of 1 aryngeal funct ions .  !;. - c. 
I. - Q 
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l o  
1 - Pe te rson ,  L s l e  H., M . D . ,  Jensen, Roder ick E., Ph.D., and P a m e l l ,  John, M.S. f M e c h a n ~ c a l  r o p e r t i e s  o f  A r t e r i e s  i n  Vivo - 

Ci r c u l a t i o n  Researcn, Yo1 ume V I I I  , pp. 622-639, 1960 k @ :  z .  ; 
* E- rn ABSTRACT: Simultaneous , instantaneous i n  v i  vo r e c o r d i n g s  o f  i n t r a - a r t e r i a l  p r e s -  - 

s u r e  and  a r t e r i a l  d iameter  have been o b t a i n e d  f rom a v a r i e t y  o f  s i t e s  a l o n g  t h e  - -  
a r t e r i a l  t r e e  i n  10 dogs. A n a l y s i s  o f  t h e  d a t a  e s t a b l i s h e d  t h e  f a c t  t h a t  t h e  

7 - mechanica l  p r o p e r t i e s  of a r t e r i e s  can be descr ibed  by a l i n e a r ,  f i r s t  o r d e r  
- 8 0- I. d i f f e r e n t i a l  equa t ion  where c o e f f i c i e n t s  can be d e s c r i b e d  as t h e  modu l i  o f  e l a s -  = -- 

1 t i c i t y  and v i s c o s i t y .  I t  i s  e s t a b l i s h e d  t h a t  the  c i r c u m f e r e n t i a l  m o t i o n  o f  - i- < 
- a r t e r i e s  may be c h a r a c t e r i z e d  as sma l l  s t r a i n .  :. 0 

- -  The harmonic c o n t e n t  compr is ing  t h e  p ressure  and d i a m e t e r  p u l s a t i o n s  have - been e v a l u a t e d  by F o u r i e r  Ana lys is .  The e f f e c t s  o f  e p i n e p h r i n e ,  n o r e p i n e p h r i n e ,  -- C 
.': a c e t y l c h o l i n e  and nerve  s t i m u l a t i o n  on t h e  m c h a n i c a l  p r o p e r t i e s  o f  a r t e r i e s  a r e  -- 
-2 discussed.  I r 

An a n a l y t i c a l  d i s c u s s i o n  i s  developed and mathemat ica l  e q u a t i o n s  a r e  d e r i v e d  :- 
@ - - wh ich  r e l a t e  p ressure ,  w a l l  tens ion ,  r a d i u s ,  s t r a i n ,  e l a s t i c i t y ,  v i s c o s i t y  and - .- i n e r t i a  i n  a tube  wh ich  has been shown t o  be a r e l i a b l e  rode1 o f  t h e  l i v i n g  a r t e r y .  

It i s  concluded t h a t  the  concept  t h a t  t h e  a r t e r i e s  f u n c t i o n  as a " p e r i p h e r a l  ---@ 

-: hear t , "  i .e . ,  r h y t h m i c a l l y  c o n t r a c t  i n  synchmny w i t h  t h e  h e a r t  i s  n o t  j u s t i f i e d .  -. - Probab le  r e l a t i o n s h i p s  o f  these p r o p e r t i e s  t o  the s t r u c t u r e  and f u n c t i o n s  o f  *; 
-L t h e  a r t e r i a l  system a r e  discussed. C- ; -  8 

a -  r .  9- -- - - ---- -- - ,. fli;- : 
, - , , , , , - . , I , ,  - 1  - 3 L ' r :  +'FL-~--- =- . - A 

----- A--- ----;--&---A - 
~ @ ~ ~ ~ @ @ @ f i n e ~ @ 0 @ @ @ @ @ f i ~ O l O @ @ @ @ @ @ @ 0 0 @ @ ~ @ ~ @ 8 @  

'. - -drC - . ,  
- .  - 

--. -- 
@ @ @ @ @ @ @ @ O @ O @ @ J O @ @ . @ @ @ @ , @ @ @ @ O @ @ O @ O @ @ @ O @ ~ O ~  

- .  ' . , I  . . , : . . I 7  . . , , . 
1 i, 1 ; 9 1 8 7 I I 2 I 2 ' 1 1  1 0  l l I 1 7 1 S 1 5 I 1 ( 1 1 I @&@ 

:,. *:- 
:;a ; 

3 -,I Vessel Wal l  S t r e s s - S t r a i n  R e l a t i o n s h i p  2 ' .  

I n  P u l s a t i l e  B lood  Flow, e d i t e d  by E.O. A t t i n g e r .  New York: McGraw,p.Z63-274,1963 
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; P ieper ,  He inz  P. and Pau l ,  Lawrence T. 
T. Responses o f  A o r t i c  Smoth Muscle S tud ied  i n  I n t a c t  Dogs 
L America: J o u r n a l  o f  Phys io logy  

1 1 * ! -  Vol .  217, 14. 1 ,  J u l y  1969 
-1:. 

i - ' . ABSTRACT: A m t t i o d  o f  o b t a i n i n g  the  p r e s s u r e - d i a m t e r  r e l a t i o n s h i p ( P D R )  o f  t h e  '-- * . .: o r t a  i n  i n t a c t  dogs i s  descr ibed .  The r e l a t i o n s h i p  i s  l i n e a r  i n  most  an imals  z .  8 
1 

a -:' 
f 711) ;  a t  l a r g e  a o r t i c  d iameters t h i s  r e l a t i o n s h i p  tends t o  b e c o w  c u r v i l i n e a r .  -1. * 

----- The a n a l y s i s  o f  these PDR curves c l e a r l y  demonstrates t h e  responsiveness o f  a o r t i c  -( 
-L smooth muscle t o  exper imenta l  man ipu la t ions .  Dur ing  hemorrhage t h e  a o r t i c  d i a m e t e r  I i f o r  any g i v e n  p ressure  i n  general decreases, whereas on r e i n f l u s i o n  o f  the  b l o o d  ; ' 
-7 t h e  d iamete r  r e t u r n s  toward t h e  c o n t r o l  c o n d i t i o n .  Th is  response o f  t h e  smooth - c. 

(, .? muscle p e r s i s t e d  a f t e r  b i l a t e r a l  vagotomy and s t a b i l i z a t i o n  o f  c a r o t i d  s i n u s  p res -  T -  6 .... -- sure. E l a s t i c i t y  modul i  were c a l c u l a t e d  from the  PDR curves;  these modu l i  va ry  (D 
@ - -  g r e a t l y  b u t  do n o t  n e c e s s a r i l y  i n d i c a t e  t h e  d i r e c t i o n  o f  the  a o r t i c  s m o t h  muscle -:- 
5 response as seen i n  t ~ l e  PDR curves. Pulse-wave v e l o c i t i e s  were a l s o  c a l c u l a t e d  - 

-2 b u t  n o t  measured. Very l i t t l e  v a r i a t i o n  occur red  i n  thses pulse-wave v e l o c i t i e s  and 8 
- ' I  i t  appeared t n a t  changes i n  s lope  and p o s i t i o n  o f  t h e  PDR curves due t o  a o r t i c  j-'D_ -4 
, - ,  smooth muscle a c t i v i t y  moved i n  a d i r e c t i o n  so as t o  m in im ize  a l t e r a t i o n  o f  pu lse -  4 -  8 
4 wave v e l o c i t i e s ,  ,- 
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! -F--Q -1,  -- -- 
PINTO, JOHN G. and FUNG, Y .C. A @ ,  2: 4 Mechanical P r o p e r t i e s  o f  t h e  Hear t  Muscle i n  t h e  Pass ive  S t a t e  ,: - @ I 
J. Biomechanics, 6:6, 597-616, 1973 r- 

1 .-I : @ j  .- 
ABSTRACT: The v i s c o e l  a s t i  c  behav iour  of t h e  h e a r t  muscle ( p a p i l l a r y  muscle)  
i n  t h e  pass ive  uns t i rnu la ted)  s t a t e  i s  s t u d i e d  by such methods as s t r e s s  r e -  
l a x a t i o n ,  creep,  v i b r a t i o n  and s t r e s s - s t r a i n  t e s t i n g  . The t e s t s  a r e  conducted 
on a newly developed e lec t romechan ica l  muscle t e s t i n g  d e v i c e  which i s  s u i t a b l e  
f o r  conduc t ing  a c t i v e  and p a s s i v e  t e s t s  on b i o l o g S c a l  m a t e r i a l s ,  



1 PINTO;. John G. and Fung, Y .C .  

$ -1 Mechanical P r o p e r t i e s  o f  t h e  S t imu la ted  P a p i l l a r y  - Experiments / 01 J.Biornechanics, Vo1.6 No.6, pp 617-630. 1973 -: 

5 
Muscle i n  Quick-Release - 

pk Abst rac t :  The behavior  o f  h e a r t  muscle i n  t h e  s t i m u l a t e d  s t a t e  i s  a s u b j e c t  o f  @ 
- much controversy.  A b r i e f  summary o f  t h e  conclus ions drawn by  some i n v e s t i g a t o r s  1 

i s  g iven t o  b r i n g  t h e  c o n f l i c t s  t o  focus. I n  1970 Fung formulated t h e  genera l  . a 
problem i n c o r p o r a t i n g  Hi1 1 I s  three-elements model and Huxley 's  s l i d i n g  element 

K. theory .  Th is  formal ism i s  of general v a l i d i t y  and i s  adopted here t o  s tudy  a -;; 
-:I 

t h e  p a p i l l a r y  muscle behavior .  P r e l i m i n a r y  r e s u l t s  ob ta ined  u s i n g  qu ick - re lease  0 
- technique a re  presented. : C 
4 F 
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5- (r 1 : I P o l l a c k ,  Gera ld  H., Huntsman, Lee L. and Verdugo, Pedro $ > -? C i r c u l a t i o n  Research, Vol. X X X I ,  pp. 569-579, 1972 - a ,  

. , Card iac 14uscle iiiodels An Overextens ion o f  Ser ies  E l  as t i  c i  t y ?  3. @ I 
- -. --- 

ABSTRACT: Q u i c k - s t r e t c h  and q u i  ck - re lease  exper iments were per fo rmed on r i g h t  e 
fi v e n t r i c u l a r  c a t  p a p i l l a r y  muscles t o  t e s r  the a ~ p l i c a b i l i t y  o f  t h e  H i l l  m d e l  tok;- 

c a r d i a c  mechanics. Ser ies  e l  a s t i  c  component (SEC)  f o r c e - l e n g t h  cu rves  were 
c a l c u l a t e d  f rom s t r e t c h e s  and re leases  c a r r i e d  o u t  a t  v a r i o u s  t i n e s  d u r i n g  t h e  1 

6 

-5  c o n t r a c t i l e  c y c l e .  A t  any SEC f o r c e ,  the SEC e l a s t i c  modulus depended on t h e  . . -- 9 

-: t ime d u r i n g  the  c o n t r a c t i l e  c y c l e  a t  which i t  was measured. When measured a t  : - t h e  same t ime and a t  the  same SEC fo rce ,  e l a s t i c  modul i  o b t a i n e d  by r e l e a s e s  Q 
, o f  l e s s  t h a n  16 o f  muscle l e n g t h  d i f f e r e d  f ram those o b t a i n e d  by c o r r e s p o n d i n g  

L- - 1  
s t r e t c h e s .  Larger  s t r e t c h e s ,  i n  f a c t ,  appeared t o  y i e l d  n e g a t i v e  e l a s t i c  moduli .T 

Ct .: 
- -- Thus, a  unique S E C  modulus c o u l d  n o t  be i d e n t i f i e d  a t  any l e v e l  o f  SEC force.  - 

-: It i s  concluded t h a t  t h e  concept  o f  the  SEC as a  p a s s i v e  e l a s t i c i t y  appears ; @ - > :: u n s a t i s f a c t o r y  and, as a  consequence, t h a t  t h e  q u a n t i t a t i v e  v a l i d i t y  o f  t h e  H i l l  - C 
m d e l  f o r  c a r d i a c  muscle i s  ques t ionab le .  Il loreover, s i n c e  an ana tomica l  counter- '  o 

has n o t  been i d e n t i f i e d ,  the  Hi11 m d e l  a l s o  appears u n s a t i r -  ; a 
f a c t o r y  f r o m  a  s t r u c t u r a l  p o i n t  o f  view. 

7 -- 
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-: C 
- POOL, P e t e r  E., Chandler ,  B r i a n  M., Seagren, S h i r l e y  C .  and Sonnenb l i ck ,  Edmund - e - 6- Mechanochemistry of Card iac Muscle, 11. The I s o t o n i c  C o n t r a c t i o n  1 0  > -: C i r c u l a t i o n  Research, Vol . 22, 465-472, 1968. T g 

c'. -- 

-A A b s t r a c t :  The aim o f  t h i s  s t u d y  was t o  e v a l u a t e  u t i l i z a t i o n  o f  chemical  energy ' @ 

i n  r e l a t i o n  t o  myocard ia l  mechanics i n  v a r i a b l y  a f t e r l o a d e d  c o n t r a c t i o n s  o f  - - 6 * 

, c a r d i a c  muscle by de te rmin ino  t o t a l  energy u t i l i z a t i o n  i n  t h e  absence o f  1 3  

b energy p r o d u c t i o n .  R i g h t  v e n t r i c u l a r  p a p i l l a r y  muscles o f  c a t s  were e q u i l i b r a t e d  5. Q 

a t  26OC i n  a  myograph i n  Kreb 's  s o l u t i o n  w h i l e  c o n t r a c t i n g  i s o m e t r i c a l l y  ( 1 2 / 1 n i n ) ~  
(. -1: C 

5 These f i n d i n g s  p r o v i d e  a  demons t ra t ion  o f  t h e  Fenn e f f e c t  i n  c a r d i a c  ..= - @ - 
-! muscle and e x p l a i n  t h e  wel l-known d isc repancy  i n  energy c o s t  when c a r d i a c  work ' 
" i s  inc reased  by  i n c r e a s i n g  p ressure  l o a d  as opposed t o  i n c r e a s i n g  volume l o a d .  :- 3 : - -- - ? - 

- 1  
I f -  O 
r- 2 .  @ ' > c a t  papil a r y  muscle, muscle mechanics, c r e a t i n e  phosphate, energetics 9 I 

@ : aden,?sine t r i p h a s p h a t e  5 - * I  0 ,  
. 1- 

r: 1- -: I T.  
& .  - 

_ _ _ _  _ _ _  _ _  _- _ _  _ -r.----- -- 7 -- ---7 - T- ----. = f-  
0 

~oO~@@..*.~....~e..~.@e@e@@@@~*O@@***@.~ 
_ _ _  _____ . - -  - C  - -  - - - - -  - -"- - _ _ r _ _ _ C  . _ _ __I__- -- - -------- --C- 



d 
- - - - I - - - - - .  ...................................... 

1 ,  I 
7 . .  3 ;  I !  3 4 ,- < . J ' >  - I , ,  , I  , ' I - 1  ' I  I I . : ' ,  . 

C. 

12 -. 1 

- - 
: @ I  - Hemodynamics o f  the  Ascending Aorta 

I n  P u l s a t i l e  Blood Flow, e d i t e d  by E.O.Attinger,New York:McGraw, p.237-245,1963 -1 
-2 :- . I 
-~ Abs t rac t :  
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Pudenz, Robert  H. and Shelden, C.Hunter ';I. . 
Y 1 
19lJ . 
3'- ! 

orevious r e p o r t  an experimental s u r g i c a l  t e c h n i c  i n  which t h e  convex -@ 

p o r t i o n  o f  the  monkey s k u l l  i s  replaced by a t ransparent  l u c i t e  ca lvar ium was --- 
descr ibed.  Becuase a l a r g e  area o f  bo th  cerebra l  hemispheres i s  exposed th rough '- c- 
the l u c i  t e  window, t he  method i s  i d e a l l y  s u i t e d  f o r  t h e  s tudy  o f  i n t r a c r a n i a l  - Q 

, phenomena under "c losed box" cond i t ions .  It may be o f  i n t e r e s t  t o  mention t h a t  f -  - 
9 - the  techn i c  was developed p r i m a r i l y  t o  s tudy  the  e f f e c t s  o f  c r a n i a l  trauma on < 
3 the unde r l y i ng  b r a i n .  The pa t te rns  o f  b r a i n  mot ion  r e s u l t i n g  from blows t o  b o t h  -:- 
r3 the  f r e e l y  movable and t h e  immobile head were recorded by high-speed cinemato. F. -2 I. 

- 1  

- 1 i g h t  o f  ou r  f i n d i n g s .  It i s  hoped, however, t h a t  t h i s  s tudy  may f u r n i s h  add i -  
I t i o n a l  data towerd the  eventual s o l u t i o n  o f  t h e  problem of ce reb ra l  concussion. :.- 
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Rackley, Char les E., Hood, J r . ,  W i l l i a m  P. Cleveland, L inda and Stacy,Ralph W .  
8 

Der i va t i on  of Cardiac Mechanical Parameters f rom Ser i  a1 B i p l  ane Angiocardiograms 
- J.  Appl. Phys io l .  24(2), 254-258, 1968. 5 . -11 >-> Abstrac t :  Data-hand1 i ng methods and a1 g o r i  thms have been developed f o r  removing i-(- 
: the  tediuous task o f  hand c a l c u l a t i o n  of l e f t  v e n t r i c u l a r  volumes and weight ,  0 

---- s t ress - tens ion  re1 a t ions ,  c i rcumference,  and work f rom b ip lane  ang iocard io-  I 

graphic data.  These methods have been so planned and arranged t h a t  they  can 
-)ii be c a r r i e d  o u t  on a  small,  l abo ra to ry -o r i en ted  d i g i t a l  computer. In e f f e c t ,  

hea r t  volume, card iac  output ,  ca rd iac  muscle; computers i n  b i o l o g y  

a ,  I , ?  I , , >  1 I A I '  4 3 l 

~ 2 q ] 2 8 i z 7 l i ; 5 ! z 5 i : * ~ 2 3 j z 2 ! 2 1 j ? r " l ~ 1 ~ ~ j ~ ~ j  c / ! 5 i 1 4 ] 1 3 ~ 1 2 i 1 1 ! 1 0 j 9 /  8 1 7 ~ 6 i 5 , d ] - 3 ~ ~ - @  a 
151. @! ; 
t?* 1 

RADIN, E r i c  L., Paul , Igor L. and Lowy, M a r t i n  Lr- 

A  Comparison of the Dynamic Force T ransmi t t i ng  P rope r t i es  of Subchondral Bone @ 

and A r t i c u l a r  C a r t i l a g e  p--@ 1 
J .  Bone J o i n t  Surg. ( h e r )  52:444-56, Apr .70 k- - I @ 1 

;,a . 1 

Abst rac t :  The development o f  wear changes i n  j o i n t s  i s  i n  p a r t  r e l a t e d  t o  t h e i r  T , a b i l i t y  t o  w i ths tand compressive fo rce .  A c t i v i t y  a p p l i e s  f o rces  across j o i n t s  , -! 
and i t  i s  the a b i l i t y  of a  j o i n t  t o  w i t h s t a n d  these forces t h a t  t o  some exten$ -19 ' 
determines how long  i t s  a r t i c u l a r  sur faces l a s t .  S ince t h e  marked compliance o f  - <- 
a r t i c u l a r  c a r t i l a g e  was es tab l i shed  expe r imen ta l l y ,  i t  has been assumed t h a t  t h e  - a 
compressive forces t o  which a  j o i n t  i s  sub jec ted are  a t tenuated m a i n l y  by t h e  --- . @ I  
c a r t i l a g e  and t o  some ex ten t  by the  v iscous synov ia l  f l u i d .  T h i s  paper w i l l  - - . disucss the  r e a c t i o n  of a r t i c u l a r  c a r t i l a g e  and subchondral bone t o  compression . - 
and the  r e l a t i v e  a b i l i t y  o f  t he  subchondral bone t o  decrease t h e  dynamic peak ;- . 
forces produced by impact l oad ing .  5- • 1 
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a - MDIN, Eric L .  and Paul, Igor L.  :?I. ..., a- ! 
1 - Does Cartilage Compl iance Reduce Skeletal Impact- Loads? ;;- • : / . .; The Re1 a t ive  Force-Attenuating ?roperties of Art icular  Cartilage, Synovial Fluid, ; . ..: Per ia r t icu la r  Soft Tissuis and Bone I 
I .- 

9- ! 

37' Ar th r i t i s  and Rheumatism, Vol.l3,No.2(March-April) 1970 . = I 
i 

Abstract: Jo in t  wear i s  re1 ated t o  the pressure exerted a t  t he  a r t i cu l a r  c a r t i l -  - - - . 
age in te r face .  The la rges t  loads an Animal joint  experiences i n  l i f e  will be 2 .  1 
brief  and will resu l t  from impact. Compliance in the system will  decrease the -ji I 
peak value of such impulsive loadings a t  the expense, probably unimportant, of - 

. c increasing t he i r  duration. The ab i l i t y  of synovial f l u i d ,  supporting bone and -- 
per ia r t icu la r  so f t  t issues to  provide t h i s  compliance and attenuate peak forces :- a 
might spare the a r t i cu l a r  car t i l age  and prevent wear. Measurements were made o f  
the re1 a t ive  attenuation of 1 ongi tudinal ly  .applied ,external impulsive force by . 
these major jo in t  elements of adult  bovine interphalangeal jo in t s .  The e f fec t  -,-.-. 
of the various eiements, independently, upon the over-all compliance of the -. z .  • , 
jo in t  was measured in  nonimpulsive experiments and found to  correlate  qui te  well -1- , 
with t he i r  a b i l i t y  to  reduce the peak load in  the impulsive experiments. Only -. 0 
the per ia r t icu la r  so f t  t issues (capsule, ligaments and synovial t i s sue)  and bone 2 -.-• : 
have s ign i f ican t  force-attenuati  ng properties.  Articular car t i l age  and synovial : 
f lu id  have l i t t l e  e f f ec t .  These resu l t s  support the contention t ha t  the integrity:. 
of bone could well be important in  prolonging jo in t  l i f e .  5.. < 

ir: 
- " t , l?'- b - 
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I - 0 ;  
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- 
- 

RADIN, ERIC L .  and PAUL,  IGOR L. 
- 1 Importance of Eone in Sparing Articular Cartilage f r ~ m  Impact 
r- ' -  . : 

I Clin. Ortho. No.78, pp.342-44, Jul-Aug 1971 
>7-, 4- ; 

y- 

e .c Abstract: The etiology of degenerative jo in t  disease may well be related t o  e i t h e r  
an abnormal increase in ur t ra -a r t icu la r  pressures or  a decrease in  the a b i l i t y  5 .  : -5 of joints  t o  hand1 normal loads. Bovine middle phalasges from 3 t o  4 year ,?.. I - old healthy cows were fresh frozen and thawed ju s t  before t e s t i ng .  These 1' :- . 

.3 phalanges were subjected to  longitudinal impact loads t o  measure the  peak *FA, : dynamic force transmission and deformation. Removal of 40 t o  50 percent of - - 
-.- t he i r  bony shafts  decreased these parameters f a r  more than did removal of 3 -  1 

- a r t i cu l a r  cact i  lage.  
:- -- - 
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i RAMSEY, R .H .  15.. Q, 
- THE ANATOMY OF THE L IGAMENTA FLAVA 

* - 
-7 C l i n .  Orthop. 44, pp.129-140, 1966 A 2 -  0 >z =-- :. Q 
-141 Abst rac t :  The purpose of t h i s  study i s  t o  make a d e t a i l e d  i n v e s t i g a t i o n i n t o  - Cb t he  gross, microscopic and f u n c t i o n a l  anatomy o f  t h e  l igamenta  f l a v a .  k -. 

'$ d e t a i l e d  gross and microscopic d e s c r i p t i o n  o f  t h e  i n t e r 1  arninal ye1 low 1 igaments, 49 
I o r  1 igamenta f lava,  of  the  human has been presented.  T h e i r  e l  a s t i c  t i s s u e  

-4 - c- 
-9 composit ion s u b s t i t u t e s  the  phys i ca l  p rope r t y  o f  e l a s t i c i t y  f o r  t he  shear s t r e n p t h  c.. 

- o f  l igaments o f  dense col lagenous t i s s u e .  The c l i n i c a l  and s u r g i c a l  s i g n i f i c a n c e  Q . ,.; o f  the  l igamenta f l ava  i s  a l s o  considered. 8 . ; 
7 3  
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RAMSEY, R .  W .  - Dynamics o f  s i n g l e  muscle f i g e r s .  1: . • 
: Ann. N.  Y .  Acad. Sci  . 47: 675-695, 1946 
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. :  1 -7 - Remington, J .  ! i .  and Alexander ,  R .  5. 
R e l a t i o n  o f  :issue E x t e n s i b i l i t y  t o  Smooth Muscle Tone 

1 7 Am. J. P h y s i o l .  Vol. 185: 302-308, 1956 
- - -  

" - > L ABSTRACT: I s o l a t e d  specimens of r a b b i t  g u t  o r  b l a d d e r  were s u b j e c t e d  t o  f i x e d  * , 
- loads , lengtn changes be ing  recorded kymograph ica l l y .  The e l o n g a t i o n  curves 

• showed two e s s e n t i a l  phases. F i r s t  t h e r e  was a  r a p i d  v i s c o - e l a s t i c  e x t e n s i o n  1 

- whose amount was d i r e c t l y  r e l a t e d  t o  load.  Second, t h e r e  was a  s u s t a i n e d  - : -  - @ -... creep whose s l o p e  was l e s s  c l e a r l y  dependent upon load .  Th is  creep appeared c 
- n o t  t o  develop u n t i l  a crl t i c a l  l o a d  val l re was exceeded, The s t r e t c h  reduced :. + 

the v i s c o s i t y ,  as r e f l e c t e d  i n  the i n i t i a l  e x t e n s i o n  o f  a  succeeding s t r e t c h .  
- -  

T h i s  change c o u l d  be reversed  w i t h  l o n g  recovery  i n t e r v a l s  a l lowed a f t e r  l o a d  .. 

- removal. Load removal was f o l l o w e d  by a  b r i e f  v i s c o e l a n t i c  r e c o i l ,  and then  a --!! 
- -- - 

l o n g  te rm l e n g t h  r e t r a c t i o n  which had t h e  same s lope  r e g a r d l e s s  o f  t h e  amount -:- 0 . --I- 
o f  p r i o r  e x t e n s i o n .  The r e c o i l  was always l e s s  i n  amount than  t h e  prev;ous - = 0 ' .G v i s c o - e l a s t i c  ex tens ion .  The recovery o f  t h e  i n i  t l a l  v i s c o s ~  ty, w i t h  t ime ,  - 8 
cou ld  n o t  be r e l a t e d  t o  t h e  recovery i n  l e n g t h .  Wh i le  a c e t y l c h o l i n e  or opineoh- - -If 

-- r i n e  c o u l d  change the  t i s s u e  l e n g t h ,  they  had n o c l e a r  e f f e c t  upon the  amount o r  -- 
a -1 r a t e  o f  i n i t i a l  ex tens ion ,  upon the l a t e  creep, o r  upon the  l a t e  l e n g t h  r e t r a c t i o n  

C 

- 2 upon l o a d  re lease .  The c o n t r a c t i l e  elements o f  t h e  muscle would seem t o  b e  i n  e 

.T s e r i e s  w i t h  v i s c o - e l a s t i c  elements, and t h e  e l o n g a t i o n  p a t t e r n  o f  t h e  l a t t e r  - : @ 
=1 
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9 
9 R e l a t i o n  O f  T i ssue  E x t e n s i b i l i t y  t o  smoth Muscle Tone 

- -  -A e 1 Am. J. P h y s i o l ,  Vol.  185, pp. 302-308, 1956 
5 
p * (  
;- e 

. - -  

. - 1 -  . -: 
I *  - 

? 8 - I - ,  - - - - - _  i I I - - - - -  i ?-----:- - - -  7 c 
I 

0 
. e . . n @ ~ . e ? o ~ . * @ * e e ? . 6 m 9 ~ 9 8 @ e 6 ~ ~ @ @ ~ @ ~ @ @ @  .--_ _ - --_ -.- .-- - -- 

-- 
v 



_ _ _ -  --..- - . u - -. 
e e e ~ ~ ~ 0 e 8 ~ @ . . @ @ @ 8 9 d @ O U O @ @ @ @ @ @ @ @ @ @ ~ @ @ ~ @  

------------- -- - I l o  -- m* l ~ j l ~ ~ , , ~ i t ' i i ~ ~ t t ~ i ~ ; t ~ \ ~ l , i ~ i ~ ~  3 1 7 i s i s \ d  1 ~ ~ 2 1  I ' - 0  _ _  _ _ _  ______I - -- - -- - -- l- - 
I : I  . ' l . Remington, J.W. and Alexander, R.S.  + :- • I 

St re t ch  Behavior of the  Bladder as an Approach t o  Vascular D i s t e n s i b i l  i t y  & 01 Am. J. Phys io l .  181: 240-248, 1955 I!,- 1 

.' >< Abstract:The e f f e c t  o f  the  r a t e  o f  s t r e t c h ,  and o f  the t ime i n t e r v a l s  a l lowed a t  I' 
l 5 t he  end o f  a  s t r e t c h  o r  of a  s t r e t c h  re lease,  on t h e  s t r e t c h  behavior  o f  k i t t e n  = . 
l .; bladders was s tud ied.  A  s t rong  timedependent f a c t o r  was c l e a r ,  so t h a t  t he  peak - 

tens ion and the  hys teres is  loop w id th  decreased w i t h  successive, equal s t re tches made 0 
.1 i n  c lose seouence. This f a c t o r  was s tud ied  by measuriirg t he  r a t e s  o f  tens ion decay . i 
l - -  and o f  tens ion recovery, a t  f i x e d  bladder volumes. Both ra tes  r e l a t e d  t o  the  pre-  - . , 
l - vious tens ion l e v e l .  A f t e r  the  bladder was k i l l e d  by a p p l i c a t i o n  o f  NaCN, the  
l - i ra tes  o f  tens ion decay remained unchanged, b u t  the  tens ion  recoverery became very - . - 
l - 1  smal l .  Th i s  dead bladder showed an increased d i s t e n s i b i l i t y . T h e  l i v i n g  bladder sh---:@ 
l - -  
--- owed a  d i r e c t  r e l a t i o n  between peak tens ion reached w i t h  a  s t r e t c h  and the  r a t e  I. 

--- o f  t h a t  s t re tch .Wi th  successive s t re t ches , th i s  r a t e  depe ndency disappeared. It T- 
was seldom seen i n  the aead bladder.  When the  muscle was s t imu la ted  electr ical ly , - : -  , 

_)-2 the  tens ion  r i s e  was small and o f  b r i e f  dura t ion .  Except f o r  t he  pe r i od  i n  which - 
i l i t he  tens ion was a c t u a l l y  r i s i n g ,  the  e l a s t i c i t y  o f  the  bladder was n o t  measurably i3- 
l . al te red .  These r e s u l t s  are discussed w i t h  re ference t o  a  s imple  mechanical model. I 

rn 

i 1 

. I 

- 1  
Abstract :  The l o a d - s t r a i n  and s t r e s s - r e l a x a t i o n  behavior  o f  wet r a t  t a i l  tendon 4 

: l 1 has been examined w i t h  respect  t o  t he  parameters s t r a i n ,  r a t e  o f  s t r a i n i n g ,  and i- 8 
! l - 1  temperature. I t i s  found t h a t  t h i s  mechanical behavior  i s  rep roduc ib le  a f t e r  , 

0 7 r e s t i n g  the  tendon f o r  a  few minutes a f t e r  each ex tens ion so l o n g  as the  s t r a i n  7. - 
l -: does no t  exceed about 4 per cent .  I f  t h i s  s t r a i n  i s  exceeded, t h e  tendon be- i-c + comes progress ive ly  e a s i e r  t o  extend b u t  i t s  l e n g t h  s t i l l  r e t u r n s  t o  t he  = l 

o r i g i n a l  value a f t e r  each extension.  Extensions o f  over 35 per cent  can be 2 -  8 # 

l - 1  =- : 8 reached i n  t h i s  way. Temoerature has no e f f e c t  upon the  mechanical behavior  A 

l over the  range 0-37'C. J u s t  above t h i s  temperature, impor tan t  changes take - :- 
e - p lace i n  the mechanical p rope r t i es  o f  t he  tendon which may have b i o l o g i c a l  

- 
Z.. * 

3 s ign i f i cance .  The a p p l i c a t i o n  o f  the  techniques used here t o  s tud ies  o f  - -. . ' 
connective t i s s u e  d isorders  i s  suggested. Some o f  t h e  mechanical p r o p e r t i e s  o f  , , > ' tendon have been i n t e r p r e t e d  w i t h  a  s imple model . - 

e - -  5 -  i 

e-- 1 - 
i -  . , 

e 5- 8 ; 
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-1 Physical Factors in Arterial Sclerosis and Stenesis = 0 ,  - Angiology 22:267-84 ,May,1971. I 4 3  - 2 -  I 
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The role of physical factors on vascular s t ruc ture  i s  reviewed. 
adapted to the mechanical s t resses  which they must bear. - 

of the vascular system sense these s t r e s se s ,  and tha t  - @ 

negative feedback mechanisms which rel ieve them of the 0 
-L s t r e s s .  
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l y l  Roach, Margot R.  and Burton, Alan C .  5 ' .  < 
The Effect of Age on the Elast ici ty of Hunan I l i a c  Arteries -: a ,  

L;( Can. J .  Biochem. Piiysiol., Vo1.37, pp.  557-570, 1959 31- ' 
- 1 -  - - 

AaSTRACT: Autopsy specimens of i l i a c  a r te r ies  of 63 individuals of ages bebeen ' @ 

bi r th  and 91 years have been used t o  measure pressure-volume curves from which @ 

- a e l a s t i c  diagrams, i . e .  tension vs, elongation, and 'e lastances '  were deduced. - ,  " For a smaller number of specimens, the longitudinal elastance was also measured. - ' -  Q 

The resistance t o  deformation was also derived from the amount of excess pres- 
sure outside, which was required to empty the vessel (collapse pressure).  The . 

: mean curves of tension vs. s t retch for  the different  age groups showed a remark- @ 

- f  able increase in resistance to  s tretch with age fo r  b o t h  circumferential and " 
.f 

longitudinal elastance. The incidence of atherosclerosis ,  shown by the indepen- '- 0 
- dent grading of the h is to logis t ,  increased with age, b u t  vessels not showing -I- :. 8 

-5. atnerosclerosis also showed a s ignif icant  increase in 'e lastance '  with age. The T 
, thickness of the a r te r ia l  wall was increased from bi r th  t o  age 20 (about 3 times):. 

b u t  did not change signif icant ly thereafter .  There was a s igni f icant  trend f o r  - c : the diameter of the lumen to decrease a f t e r  age 30. This was not accounted fo r  by @ 

intimal thicketling, found in somespecimns of g rea t e r age .  Biophysical analysis 0 - 
in terms of the quantity of collagen fibers present in the wall suggests t ha t  7 . ' -- not only does the quantity of collagenous material increase with age, b u t  more ' importantly, the unstretched length of these f ibers  decreases with age, as the - 
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- .  * The Effect of Age on the Elasticity of Human I l i a c  Arteries 
.. C Can. J .  Biochem. Physiol., vol. 37, pp. 557-570, 1959 
- o i e  : 
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21- , ' ABSTRACT: (continued) 'slack1 in them IS taken up, possibly by cr0sc,-linkages (,.j- or adhesions. 
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; Roddy,William T. 

e 

The Dry Strength of Collage Fiber Aggregates: Part 11. The effect  of Sodium s u l f i d e  
J.  h. Leath then ASS. 47: 98-110, 1952 

&--- 

36~ ?I. . ; T 

e -? Abstract: The dry strength of collagen fibdaggregates can be used t o  obtain an i. e - - indication of the influence of pretanning and tanning operations. Mitton re- : • 
$1 ported that tannage did not decrease the dry strength of the f iber  while 

%- '.- : 

a Compton reported thar tannage decreased the dry strength. Ma0 and Rodd~ found 
- 

4 that  the dry strength o f  the fiber aggregates was not altered by the treatment i 8 
2 they used. This data was in agreement with the work of Mitton on fibers teased 

- 

- I  from hide or leather and indicates that tendon f iber  aggregates give resul ts  
1 that are similar to  those obtained when using hide f iber  aggregates. 

-.- 

Additional experiments have been conducted using f iber  aggregates f m m  
-- 
e l  ' tendon, hide and finished leather. In using the tendon material a mdif lcat ion 1 ' - in technique was made in some cases and the cha nger are reported, > -: -f 
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ROGERS, R.T. S 
I .+ A Phantom Material t o  Represent Lungs Fs 

- Brit  J .  Radio1 43:441-4, Jul 70 rid , 
>7 :I- 6 

L;*- 

- (r -3 Abstract: A phantom material t o  represent lungs radiological ly  i s  described. - 
- Q The material consists of an open-cell , plas t ic  foam the density of which may be - -i t 

varied over a wide range by adjustment of the amount of blowing agent used. e 
-4 ' Details of the chemical procedure a re  given. The process i s  simple and requires : 0 

- 1  a maximum processing temperature of only 115OC and the material can be shaped -. 6 
easi ly  by the use of moulds. The effect ive atomic number of the p l a s t i c  ras  

-2 

- i calculated and measurd and de t a i l s  are given. The unexpanded material has a 
C 

- density of 1.06 gem- , an effect ive atomic number of 7.55 and 3.42 electrons per - Q 

gram. Tissue-equivalence i s  considered sa t i s fac tory  and i s  compared with data I1 ' 
for  other tissue-equivalent substances. A review o f  other  materials which have ; < > -115 been used t o  simulate lungs i s  given. 
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ROBERTS, Jay,  Ehrreich, S .  and Levi t t ,  B. 
c t s  of the cardiac actions of reserpine and pronethalol 
.24:6, 1421-2791965 
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; a  : ROMAN, James A . ,  Coermann, Rolf, and Ziegenruecker,Gerd :I. ' 
Vibration, Buffeting and Impact Research ;I- 1 

- Aerospace Medicine, 30, 178-125, Feb. 1959 -.. 
27 I;,. a , I 7 b s t r a c t :  The field of biological vibration research enCOmPasseS several areas, 

- prominent among which i s  the study of the effects on animals and humans severe : , - 
,,,hole body vibration. This i s  a report of our studies of whole body motion. $ -  

A This s tudy  was conducted on rats and/or rabbits and humans. Prediction of < 2 the effects of mechanical forces upon the human body, and protection against 7 

. .  these effects hinges largely upon our ability to describe body structures in 4 
-: terms which are suseptible to analyses. The chest abdomen system has been L - 

described by a stringently simp1 ified mechanical model 1 
# 0 - i  
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,,,a . t 'nfluence Of Increased Graviatjonal stress on t h e  
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-2 and Pulmnary Function to ~~~~~j~~ ' PhysiolOgfca Scandinavica. vol ,68, SUPPI .275, 1957 3--- - Abstract: 
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- 1 . =- Rupprecnt,  A. rl-' - 8 
- ekc~~anocnern i  c a l  Study o f  l ie t-Spun L i  t h i  urnDNA F i b e r s  @ I l t j i o p o l y m r s ,  Val.  9, PP. 825-8429 1970 e 3:: 1 " .  gt 

A b s t r a c t :  Un i fo rm LiDllA f i b e r  specimens o f  n e a r l y  20 m l e n g t h  have been p r e -  - - pared  w i t h  a  we t -sp inn ing  method developed by t r ie  au thor .  Samples immersed i n  - @ 

-4 tne  s p i n n i n g  ba tn  (80".tnyl a l cono l  c o n t a i n i n g  0.41'1 iC1)  have been s u b j e c t e d  I 
t o  mcnanocr~emica l  s tudy  i n v o l v i n g  s t r e t c n i n g ,  r e l a x a t i o n ,  and c o n t r a c t ~ o n  - o 
measurements. A s p e c i a l  t e c t ~ n i q u e  was developed t o  t r a n s f e r  t h e  sample f rom - 

t n e  Tef lon-coated c y l i n d e r  used i n  s p i n n i n g  t h e  sample column o f  t h e  mchano-  
cnemical apparatus w i t h o u t  s t r e t c n i n g  o r  removing the  sample f rom t h e  s p i n n i n g  
ba tn .  F o r c e - s t r a i n  curves o f  samples c o n s i s t i n g  o f  two f i b e r  bundles shopled 0 

- 2  
an i n i t i a l  r e g i o n  o f  low s lope f o l l o w e d  by a  r e g i o n  o f  h i g h  s l o p e  and a  second 0 

- w g i o n  o f  low s lope  up t o  r u p t u r e .  Some t h i c k e r  specimens showed an a g ~ n g  B 
e f f e c t  which abo l i shed  the  i n i t i a l  low-s lope r e g i o n  and was i n t e r p r e t e d  as _: g 

3 -9 i n d i c a t i v e  o f  c r y s t a l l i z a t i o n .  F o r c e - s t r a i n  curves o f  two-bundle samples - 
6 

- -  snowed a  s t r o n g  i n f l u e n c e  o f  temperature w i t h  a  complete l o s s  o f  t e n s i l e  
- - - @ , s t r e n g t h  o f  tne  L i  DIIA f i b e r s  i n  the  s p i n n i n g  b a t n  a t  about  55'C. F u r t h e r m r e ,  - - 

- samples a t  zero s t r a i n  e x h i b i t e d  a  c o n t r a c t i l e  force when s u b j e c t e d  t o  tem- 7 -  @ 

- 
- 

p e r a t u r e s  above about  40°C. ; tne  c o n t r a c t i  1e process was pronounced wi  t h  - -  0 

samples k e p t  above 48°C. On c o n t r a c t i o n  these samples o b t a i n e d  a zero- force 
.7l 7 
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Rupprecht ,A.  r- : o - - 
kcilanOcnemi c a l  Study o f  Wet-Spun L i t h i  u r n - ~ / d ~  ~ i b ~ ~ ~  I; @ 

0-111 B f o ~ o l ~ m r s ,  VOI , 9. pp. 825-842, 1970 --+ $ -1.1 i - r t - -  :\- + 
I -  B Abstract (continued): l e n g t h  20-30% o f  tile o r i g i n a l .  These d a t a  are taken : evi f o r  a h e l i x - t o - c o i l  t rans  I t i o n  o c c u r r i n g  i n  t h e  DNA, the ow ml 

&Werature being caused by the chemical i n f ]  uence o f  w e  ahient aqueous a l c o h o l - L i  C1 Bath. ic - QD 
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t Rushmer, Robert F.  : 0 - 
\ ' ; Pressure-Circumference Relat ions o f  L e f t  v e n t r i c l e  : e l  

@ Am. J.  Physiol . ,  Vol. 186, pp. 115-121, 1956 l 31- -- l a -- 
- ABSTRACT: Changes i n  l e f t  v e n t r i c u l a r  pressure and l e f t  v e n t r i c u l a r  c i rcumference ' a 

o f  i n t a c t  animals have been recorded s imul taneously du r i ng  spontaneous and i n -  • 
-:I duced card iovascu lar  responses. Mechanisms by  which the l e f t  v e n t r i c u l a r  myo- t -- 
-- cardium a1 t e r s  i t s  'work output '  a re  i nd i ca ted  by pressure-c i rcumference loops - - a 

.@ --- d isp layed on a cathode ray osc i l loscope.  Evidence i s  presented t h a t  t he  e x t e r n a l  
l -:- work o f  the hea r t  i s  n o t  necessar i l y  r e l a t e d  t o  the  d i a s t o l i c  dimensions i n  ac- . 

l - cordance w i t h  S t a r l i n g ' s  law of the heart .  Instead,  changes i n  bo th  myocardia l  
@ 

a _ c o n t r a c t i l i t y  and d t s t e n s ~ b i l i t y  may p lay  impor tant  r o l e s  i n  ca rd iac  adapta t ion  . C- 
l . - t o  var ious condl t ions .  i,- 
- -- -- . -;; 2,.  a 
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-- Ryan, G. Anthony I ~ I -  • 
l - A Study of  Seat Be1 ts and I n j u r i e s  < -. l -7 - 17th  Stapp Car Crash Conference, SAE Paper No. 730965, pp. 67-79 : e  4 e - - .  :,. l ' -- > - ABSTWICT: This paper s tud ies  the  ef fects o f  wear ing  sea t  b e l t s  i n  severe crash - 
a 

- 
impacts i n  V i c t o r i a ,  Aus t ra l i a .  I n  the study,  i t  was found t h a t  t he re  were s o m  . - i n j u r i e s  assoc ia ted w i t h  wearing sea t  b e l t s ,  b u t  most o f  these were minor. -2 

l -.:I 
There was an a s r o i c a t i o n  between i n c o r r e c t  a d j u s t m n t  o f  s e a t  b e l t s  and the  ' 

- -  occur-ence o f  i n j u r y .  There i s  a need f o r  seat  b e l t  s y s t e m  t o  be f o o l p m o f  so 
;-0 a -j t h a t  they  can on l y  be worn c o r r e c t l y .  :. i 
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( O Sandb10rn~P.P , Petet'son,P. ,and Murrn , A ,  ' I 0 )  
C- I . - of the Tensile Strength of the Healing Hound as a C] in ica l  Test, -: \ ' Acta Chir Scand, 105: 252-257,1953 3- (-- 

I . - i  -A 

< > - Abstract: Determination of the tensi le  strength of the healing has been _ ' adapted clinical use in order to make possjble an estin,atjon of t h e  p a t i e n t ~ s  ' 'A heal lnp power preoperatively. 
-': -- a - -  In apparatus constructed for the purpose i s  described and the results obtained I - 0 
* - in a limited series are presented, 
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. 1, 'eft ventricular Tension and Stress i n  Man 
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(, 2 SASS,  Donald J. - 
0 - 1 ,  Roentgenographic Study o f  R e l a t i v e  H e a r t  Mot ion  D u r i n g  V i b r a t i o n  i n  . . mersed Cats 

J. Biomechanics, 6: 3, 219-226, 1973 

A b s t r a c t :  Anes the t i zed  c a t s  were s u b j e c t e d  t o  constant-amp1 i t u d e  (10m p e a t - t o -  f, 
peak) whole-body v i b r a t i o n  i n  e i t h e r  t h e  prone (+Gx), l e f t  l a t e r a l  d e c u b i t u s  2 ) .  e 
(?Gy), o r  u p r i g h t  p o s i t i o n s  ( 5 2 )  t o  de te rmine  w h t h e r  o r  n o t  t h e  h e a r t  c o u l d  $: g b e  forced t o  undergo l a r g e - a m p l i t u d e  t r a n s l a t i o n a l  m o t i o n  r e l a t i v e  t o  o t h e r  

kl . .c< i n t r a h h o r a c i c  s t r u c t u r e s  and show resonance phenomena as descr ibed  b y  o t h e r s ,  ;= , 
1: .. 

The animals  were t o t a l l y  immersed i n  w a t e r  w i t h i n  a r i g i d  t r a n s p a r e n t  assembly :I;I 

m i n ~ i T i f ~ a X i ? ~ O ~ 8 h l ~ m ? & ~ ~ ~ ~ 0 f ~ t ! l e C h ~ 1 ~ t ! a 1 h i O f i d t ~ b d 8 ~ ~ l ~  ~ t i 6 ~ ~ ~ t ~ ~ ! $ ~  5- : t ransm 
coupled t o  t h e  v i b r a t i o n  t a b l e  mot ion  o f  t h e  h e a r t  would be due o n l y  t o  i t s  -- 
i n e r t i a  and t o  t h r  mechanical p r o p e r t i e s  o f  i t s  i n t r a t h o r a c i c  suppor ts .  Radio- s- @ 

paque 2 mm beads were imp lan ted  i n  t h e  c a r d i a c  apex, dores o f  t h e  diaphragm, and ' 5 -  0 : 
i n  t h e  c h e s t  w a l l ,  and t h e  amp l i tude  o f  m o t i o n  o f  each bead was measured i n  '11 - 0 '  
s e r i a l  roentgenograms as t h e  f requency  and peak a c c e l e r a t i o n  o f  t h e  v i b r a t i o n  b- c- 
were inc reased  s tepwise  f rom 3  H z ( 9 . 2 g )  t o  20 Hz(28g). I n  c o n t r a s t  t o  t h e  r e -  r~:-b- 
s u l t s  o f  r o e n t ~ e n o g r a p h i c  s t u d i e s  o f  h e a r t  mot ion  due t o  v i b r a t i o n  r e p o r t e d  by  b i  
o t h e r s  i n  a ~ i m a l s  l e s s  w e l l  r e s t r a i n e d ,  i n  t h e  p r e s e n t  s tudy ,  m o t i o n  o f  t h e  
h e a r t  due t o  whole-body v i b r a t i o n  was min ima l ,  l e s s  t h a n  3 mn a t  t h e  c a r d i a c  : .  
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P :. { Length-Force R e l a t i o n  o f  Calcium Ac t i va ted  Muscle F ibers  
(r 

@ Science, Vo1.176, 52-54, 7 Apr.1972 'D 
-: -- - @ I  

1 -.I ABSTRACT: Calc ium a c t i v a t e d  skinned f r o g  muscle f i b e r s  develop a l a r g e  i:.- 
r e l a t i v e  f o r c e  a t  a sarcomere l e n g t h  o f  1.0 micrometer. Since t h e  normal ;- . ', ' 
nyof i lament  l a t t i c e  i spe r tu rbed  a t  t h i s  l eng th ,  r e g u l a r i t y  o f  t h e  l a t t i c e  does 

@ 

n o t  appear t o  be an impor tant  f a c t o r  i n  t he  c o n t r a c t i o n  mechanism. 
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- 43 - Shimosato, Sliiro, Herpfer, Guenther E. and Etsten,  Benjamin E. - - Q 
, -  S t a t i c  and Dynamic Performance of Walton St ra in  Gauge Arches - * 

@-; J .  Appl. Physiol, Vo1. 21, 140. 6 ,  pp. 1892-1896, 1966 . .: j- C - . c .  @ .a ABSTRACT: The to t a l  performance character is  t i c s  of s i x  Wal ton strain-gauge > arches were evaluated. The e f f e c t s  of changes in  the d i r ec t ion  of applied force  S) 

- and the e f fec t s  of temperature variat ion on s t a t i c  accuracy and dynamic accuracy 3 . - 
P, were measured. The gauges proved to be l inea r  in response to s t a t i c  loads - 6 @z ranging from 20 to 300 g. When the  d i rec t ion of force was a l t e r e d  by ro ta t ing  a -<; 

-l:i gauge in the plane including the surface of i t s  two l e g s ,  the  recorded response . r; 

a t  an angle e was a function of tne response a t  0' ro ta t ion  times the  cosine of 

. 

.-4 

- the angle e .  Increases of environmental temperature produced a fa1 1 i n  base 1 ine - 2  0 . --- in four gauges and an increase in one. The gauges sliowed uniform ( 2 5 % )  response 8 
t o  45 cycles/sec with a maximum frequency-phase angle lag  of  1 '/cycle per sec.  0 
I t  was concluded tha t  the u n ~  formi ty of the ampli tude-frequency re l a t ionsh ip  0 > i s  s ign i f i can t ly  af fec ted  by both environmental temperature and the  d i r ec t ion  of 
the applied force.  

- . : - @ 
- measurement of myocardial con t rac t i l e  force; temperature; d i r ec t ion  of applied , • 
- force - . 
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Deformations O f  the A r t i c u l a r  C a r t i l a g e  of t h e  Head of Femur and H~~~~~~ under a I - *  

- Mechanical E t r e s s  
- Arch.orthop.Unfal1-~hir. 74, 231-236,1972 - -- 

. I 
;. Q - 3 ' Abstract:The au thors  have made comparat ive bjomechanjca, t e s t s  the articula~-. - surface Of  l o a d  b e a r i n g  heads Of  femora and heads of humeri bearing no load. 

0 - They studied the and permanent de fo rmat ions  o f  t h e  a r t i c u l a r  cartilage - 
under mechanical s t r e s s  by u s i n g  an " I n s t r o n "  t e n s i l e  s t r e n g t h  They - COnC1ude that a t  first the degree of e l a s t i c  de fo rmat ion  exceeds t h a t  o f  permanent C- - I deformation but increasing t h e  l o a d  permanent deformat ion becomes more -, The and d e f o m a t i v e  c a p a c i t y  of f l o a d  bearing joint is higher than . - : t h a t  of a j o i n g  b e a r i n g  no l o a d ,  -- - 

'!- a - f  
d 

e*- 

3 = 21. 0- 
b > -; c. ? l a  

7 

a - <  &. . 1 -- 
-: f - .  - 7 /Ii- . , 
-- 5- 
-: - - 

; E -  < *- -2 9 , --- - 
' - ' ' J c 1 1 , i " L i 0  7 1 6  6 1 -",'IR,c:RI iH 5.4',,.n e - -  --------- ----- --_L 1 -  . -- - -  

I .  
.3  *-qi  :el,<g{,:~'-  , - - z - - -  

I ? 1 .- -- a - - - - -- 
e , e a e g @ e a e @ * ~ ~ @ e e O B e O e O O O @  

__-_ I_ -  

. 3 , - 2  2 0 , , g  , , , , , . i . 5 1 , 3 ~ 1 j ; :  4 . 1 . a l *  , ' I  5 i 4 I 3 l 2  ' ?-* - .  -- :,. . I -- 
A.s., wIEDERHIELM, C.A. and S T ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * ~ '  1- • 

~ a s a  Vasorum a t  Normal and Hypertensive 2 I 

4 
- Pressure 
- J ,  Biomechanics, 6:4, 349-3599 1973 
1 

\ e  1 - 
In a previous paper, a numer ica l  p rocedure  ( t h e  f i n i t e  element ' 

> 5 was presented for t h e  a n a l y s i s  o f  S o f t  b i o l o g i c a l  structures posses- • ! 
:, sing cospl ex geometry and nechan j c a l  p r o p e r t i e s  and undergo ing  la rge  deformations . • 

This was used here t o  model a vas VaSOrUm i n  an arterial 
-- 

8 

-; 
to p h y s i o ~ o g l c a ~  and h y p e r t e n s i o n  mean a r t e r i a l  pressure levels. The 

) i deformation of t h e  
umen of t h e  model vas VaSOrUm was determined two cases: - -  

- . an a r t e r i o l e  and a experimental venu le .  Est imates o f  h y d r a u l i c  r e s i s t a n c e  and flcw rate . 
model vasa vasorum were c a l c u l a t e d  and compared w i t h  1 .  . - 

-. ; total flow rates i n  :he vasa vasorurn r e p o r t e d  i n  t h e  l i t e r a t u r e * T h e  - @ 
- 1 indicate that  p ro longed  abnorma l l y  e l e v a t e d  a r t e r i a l  p r e s s u r e  constrict 

3 i venules o f  the va ra  vasorum t h e r e b y  i m p a i r i n g  a r t e r i a l  w a l l  t i s s u e  nourishment : 
--I- If no compensatory mechanisms e x i s t ,  t i s s u e  d e g e n e r a t i o n  andtor atherogenesis - 

i :.- 
a ,  c o u l d  o c c u r .  - -  

I f  - . 



- ; @ - Simon, B.R., Kobayashi,A.S., Strandness,D.E. 8 Wiederh ie lm C.A. I ' Large D e f o r m a t i o n  A n a l y s i s  o f  t h e  A r t e r i a l  Cross S e c t l o ?  - e + 
J .Basi c  Eng . Trans .  ,ASME paper  no. 70-WAIBHF-1 I, RSME 93 .I 38-1 46. 1971 :- @ -- 7- 1 - I >  - 8 

> - A b s t r a c t :  P o s s i b l e  r e l a t i o n s  between a r t e r i a l  w a l l  s t r e s s e s  and d e f o r m a t i o n s  and g -: mechanisms c o n t r i b u t i n g  t o  a t h e r o s c l e r o s i s  a r e  d iscussed .  Necessary m a t e r i a l  - Q 
p r o p e r t i e s  a r e  de te rmined  e x p e r i m e n t a l l y  and f rom a v a i l a b l e  d a t a  i n  t h e  l i t e r a -  

-- - t u r e  by  assuming t h e  a r t e r i a l  response t o  be a  s t a t i c  f i n i t e  d e f o r m a t i o n  o f  a  
9 

-: t h i c k - w a l l e d  c y l i n d e r  c o n s t r a i n e d  i n  a  s t a t e  o f  p l a n e  s t r a i n  and composed o f  an C 

: i n c o m p r e s s i b l e ,  non l  i n e a r  e l  a s t i c ,  t r a n s v e r s e l y  i s o t r o p i c  m a t e r i a l  . Exper imenta l  (I 
: j u s t i f i c a t i o n  from t h e  1  i t e r a t u r e  and s u p p o r t i n g  t h e o r e t i c a l  c o n s i d e r a t i o n s  0 

a r e  p resen ted  f o r  each assumpt ion.  The p a r t i a l  d e r i v a t i v e  o f  t h e  s t r a i n  energy  
-- - d e n s i t y  f u n c t i o n  -- - 

-: -- '1 , necessary f o r  i n - p l a n e  s t r e s s  c a l c u l a t i o n ,  i s  d e t e r m i n e d  I f $  
Is -5 - 

I 
:- e - 
I 6  -i t o  b e  o f  e x p o n e n t i a l  fo rm u s i n g  i n  s i t u  b i a x i a l  t e s t  r e s u l  t s  f r o m  t h e  c a n i n e  - 

@. :  
- - ; abdominal a o r t a .  An ax isymmet r i c  numer ica l  i n t e g r a t i o n  s o l u t i o n  i s  deve loped  

I @ - I  and used as a  check f o r  f i n i t e  e lement  r e s u l t s .  The l a r g e  d e f o r m a t i o n  f i n i t e  
- element  t h e o r y  o f  Oden i s  m o d i f i e d  t o  i n c l u d e  a o r t i c  m a t e r i a l  n o n l i n e a r i t y  and z~ % 

- d i r e c t i o n a l  p r o p e r i t e s  i s  used f o r  a  s t r u c t u r a l  a n a l y s i s  o f  t h e  a o r t i c  c r o s s  6 
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- Simon, B.R. Kobayashi ,A.S., St randness ,D.E. & Wiederhielm,C,A, G- - Large Deformat ion A n a l y s i s  o f  t h e  A r t e r i a l  Cross S e c t i o n  -: 0 

-- J .  B a s i c  Eng. T rans .  ASME 93, 138-146, 1971 3- 8 
F a -  , 

A b s t r a c t  c o n t i n u e d . s e c t i o n .  R e s u l t s  o f  t h i s  i n v e s t i g a t i o n  a r e :  ( a )  Fung l s  - < I -  

e x p o n e n t i a l  form f o r  t h e  s t r a i n  energy d e n s i t y  f u n c t i o n  of s o f t  t i s s u e s  is =< 

found t o  be v a l i d  f o r  t h e  a o r t a  i n  t h e  b i a x i a l  s t a t e s  considered;  ( b )  finite 
@ 

de fo rmat ion  ana lyses  by  t h e  f i n i t e  e lement  method and number ica l  i n t e g r a t i o n  --- - 8 
s o l u t i o n  r e v e a l  t h a t  s i g n i f i c a n t  t a n g e n t i a l  s t r e s s  g r a d i e n t s  a r e  p r e s e n t  i n  - < 
a r t e r i e s  c o m n l ~  assumed t o  be " t h i n - w a l l e d "  tubes  u s i n g  1  inear  t h e o r y ,  1 -  < -.. 
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S i r c n ,  E. R., Lobayasni ,  A. S., Strandness,.D. E., and Wiederh ie lm,  C. A .  0 

#*,c l a ~ i i c a l  Response o f  an A r t e r i a l  Cross S e c t i o n  0 
1 

I @  p r e s e n t e d  a t  t h s  4 t h  Symposium on Composite M a t e r i a l s ,  I n t e r n a t i o n a l ,  Tokyo, - • 
'I Japan, August 23-25, 1971 y I -  k-- , 

- . 
AJSTRACT: A b r i e f  d i s c u s s i o n  o f  a  t h e o r e t i c a l  p rocedure  based on f i n i t e  e l a s -  
t l c l t y  and a  numerical procedure  based on f i n i t e  e lemen t  a n a l y s i s  wh i ch  can be - 0 ,  

used e f f e c t i v e l y  t o  ana lyze the  s t r u c t u r a l  response o f  an a r t e r i a l  c ross  s e c t i o n  
a r e  g i ven .  The developed procedure  can a l s o  be a p p l i e d  i n  a n a l y z i n g  o t h e r  • 
proolems involving f i n i t e  e l a s t i c i t y  sucl i  as a  p lane  s t r u c t u r e  composed o f  - 9 
i iocney m a t e r i a l  s u b j e c t e d  t o  p l a n e  s t r a i n  deformat ion .  The procedure  i s  t hen  
used t o  p r e d i c t  t ne  de fo rma t i on  o f  vasa vasorum i n  an a r t e r i a l  w a l l  and ~ u b j e c -  

C 

t e d  t o  normal and i l ype r tens l ve  lumen p ressu re .  \, 
5 - \. 1;- . 0 

:- 0 ', k2.: .--. 
$.,* 
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S!""l,Bruce R . ,  Kobayashi ,  A.S., Strandness,  D.E .  and Wiederhielm,C.A. r :I- . • 
5 . .  

' ~ ? : a l y a t i o n  o f  A r t e r i a l  C o n s t i t u t i v e  R e l a t i o n s  - A F i n i t e - d e f o r m a t i o n  approach i . , t i  r ~ u a l  t i o n  Research, Vol .XXX,491-500, Apr.1972 = i 

5 -  . 
- - 

e ;Ss:ract: The ourpose of t h i s  i n v e s t i g a t i o n  was t o  use t h e  f i n i t e - d e f o r m a t i o n  - - 
P Im,e:ry o f  e l a s t i c i t y  t o  i n t e r p r e t  p ressu re -d iame te r  d a t a  f o r  i n  s i t u  can ine  1. 

?-r!3s and o t h e r  a r t e r i a l  response d a t a  r e p o r t e d  i n  t h e  l i t e r a t u r e .  A meanin fu l  - ' r e c b a n i c a l  p r o p e r t y  f o r  a r t e r i a l  t i s s u e  was i d e n t i f i e d  as aW IaI, t h e  p a r t i a l  1 ' d e r i v a t i v e  of  t h e  s t r a i n - e n e r g y  d e n s i t y  f u n c t i o n  w i t h  r e s p e c 1  t o  t h e  f i r s t  - -  . 
j 0 i t r a l n  i n v a r i a n t .  An e x p o n e n t i a l  f u n c t i o n  was f o u n d  t o  c h a r a c t e r i z e  t h e  :- <- 

rn: ran ica l  p r o p e r t y  a W , / a I  f o r  a l l  a r t e r i e s  cons ide red .  T h i n - w a l l e d  t u b e  s t r e s s  - 6. 1 : r:orox ima t~ons  were found t o  r e s u l t  i n  i n a c c u r a t e  va lues  f o r  a r t e r i a l  s t r e s s e s  • 
> j 5 d  i nc remen ta l  e l a s t i c  mechanical  p r o p e r t i e s .  Wave speeds c a l c u l a t e d  u s i n g  

I I f o r  t hese  a r t e r i a l  t i s s u e s  agreed w e l l  w i t h  expe r imen ta l  measurements o f  
i e  soeeds r e p o r t e d  I n  t h e  1 i t e r a t u r e .  E l e v a t e d  va lues  f o r  s t r a i n - e n e r g y  1 - 

+ ~ ~ 5 1  t y  i re re  found I n  t h e  i n n e r  a r t e r i a l  t i s s u e  l a y e r s .  These h i g h  v a l u e  f o r  L- 
! < : ra in  enerny may c o n t r i b u t e  t o  a the rogenes i s  i n  r e l a t i v e l y  s t r a i g h t  a r t e r i e s  .. 
I o . ? .  , t h e  abdominal a o r t a )  s u b j e c t e d  t o  h y p e r t e n s i o n .  3.- • 1 - :- , . i - : 0 :  - 
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0 - SIMON, W i l l i a m  H ,  - -  a 

1 Scale E f f e c t s  i n  Animal J o i n t s ,  11. Thickness and E l a s t i c i t y  i n  t h e  D e f o r m a b i l i t y  
- o f  A r t i c u l a r  C a r t i l a g e  

A r t h r i t i s a n d R h e u m a t i s m , 1 4 : 4 , 4 9 3 - 5 0 2 , 1 9 7 1  - - 0 
I. - e 

A b s t r a c t :  The d e f o r m a b i l i t y  o f  a r t i c u l a r  c a r t i l a g e  was s t u d i e d  i n  v i t r o  i n  64 0 
bovine,  can ine  and human j o i n t s  w i t h  an i n d e n t i n g  compressometer. Two f a c t o r s  o 
c o n t r i b u t e d  t o  t h e  depth o f  t h e  i n d e n t a t i o n :  t h e  th i ckness  o f  t h e  c a r t i l a g e  and 
i t s  i n t r i n s i c  e l a s t i c i t y .  W i t h i n  a  g i v e n  species,  t h e r e  was i r :  genera l  a  c o n s i s - : - (  
t e n t  c u r v i l i n e a r  r e l a t i o n s h i p  between t h e  magnitude o f  t h e  de fo rmat ion  and t h e  .- 
th ickness  o f  t h e  a r t i c u l a r  c a r t i l a g e  under a  g i v e n  l e v e l  o f  s t a t i c  l o a d i n g  - Q 

( u s u a l l y  106 pounds p e r  square i n c h ) .  A l though i t  was n o t  p o s s i b l e  t o  e s t a b l i s h  e 
a  s a t i s f a c t o r y  Young's modulus, d i f f e r e n c e s  i n  i n t r i n s i c  e l a s t i c i t y  were demon- 6 
s t r a t e d  by  v a r i a t i o n s  i n  t h e  i n d e n t a t i o n s  produced i n  c a r t i l a g e s  o f  comparabie 6 
t h i c k n e s s ,  when s u b j e c t e d  t o  t h e  same compressive s t r e s s .  These spec ies  d i f -  - 

- 0 
ferences corresponded r o u g h l y  t o  v a r i a t i o n s  i n  t h e  w a t e r  c o n t e n t  of t h e  a r t i c u l a r  - 
c a r t i l a g e s  (bov ine ,  87;  canine,  80; human, 79%) .  The d a t a  a r e  c o n s i s t e n t  wi tt~ @ 

t h e  hypo thes is  t h a t  d e f o r m a b i l i t y  o f  a r t i c u l a r  c a r t i l a g e  serves t o  inc rease  t h e  ---@ 
congruence t o  j o i n t s  and thereby  reduce t h e  s t r e s s e s  on t h e i r  s u r f a c e s .  A 3 0 
f r e q u e n t l y  p o s t u l a t e d  senescent t h i n n i n g  o f  a r t i c u l a r  c a r t i l a g e  r e c e i v e d  no a 
suppor t  f rom measurements o f  28 i n t a c t  human p a t e l l a s  through t h e  f i f t h  decade - 
o f  l i f e .  

1 C 

- .: SIMON, k i l l i a r n  ti. 
-- Wear P r o p e r t i e s  o f  A r t i c u l a r  C a r t i l a g e  i n  V l  tro . .. - 

J. o f  Biomechanics, 4:5, 379-389,1971. : 
I :. A b s t r a c t :  The wear o f  a r t i c u l a r  c a r t i l a g e  (human p a t e l l a r  and can ine  humera1 > head) was s t u d i e d  i n  v i t r o  w i t h  a  r o t a t i n g  s t e e l  abrader .  Wi th  s a l i n e  l u b r i c a t i o n  

@ -: a t  37OC, t h e  c a r t i l a g e  was more r e s i s t a n t  t o  a b r a s i o n  than  neoprene rubber  
.; (Shore durometer 50) ,  oak and b a l s a  wood, b u t  l e s s  than  a s e r i e s  o f  p l a s t i c s  

-- 
a - 1  (ny lon ,  h i g h  and low d e n s i t y  po lye thy lenes ,  po lycarbona te  and p o l y t e t r a f l u o r o e t h y -  

l e n e ) .  Synovia l  f l u i d  had a  d i s t i n c t  w e a r - p r o t e c t i n g  e f f e c t ;  t h i s  was e l i m i n a t e d  
5 by d i g e s t i o n  o f  t h e  mucin w i t h  t r y p s i n  b u t  n o t  by  t e s t i c u l a r  h y a l u r o n i d a s e .  The -7, - v i s c o s i t y  o f  t h e  s y n o v i a l  f l u i d  t h e r e f o r e  d i d  n o t  account f o r  i t s  p r o t e c t i v e  - 
- e f f e c t .  F i b r i l l a t e d  c a r t i l a g e  was abraded more r e a d i l y  t h a n  i n t a c t  i t s s u e ,  b u t  

01: age o therw ise  had no e f f e c t .  It i s  concluded t h a t  s u r f a c e  f r i c t i o n  as w e l l  as 
i n t r i n s i c  p r o p e r t i e s  o f  t h e  c a r t i l a g e  ( s t r e n g t h  and s t i f f n e s s )  a r e  m a j o r  *. -: determinants o f  i t s  wear p r o p e r t i e s .  1. - 



,, Snyder, Roger W .  
- - '  L a r g e  Deformation o f  I s o t r o p i c  ~ i o l o g i c a l  T issue  

I . - .  . J. Biomechanics, 5:6, 601-606, 1972 
I - - 

= a I - A b s t r a c t :  The requi rements f o r  t h e  development o f  a  g e n e r a l  p o t e n t i a l  f u n c t i o n  . describing t h e  behav io r  of homo~eneous, i s o t r o p i c  b i o l g i c a :  t i s s u e  a r e  d iscussed  a - -  and such a f u n c t i o n  i s  Proposed. It i s  shown t h a t  t h i s  f u n c t i o n  y i e l d s  b o t h  t e n s i l e  
0 -  a d  t o r s i o n a l  r e s u l t s  compat ib le  w i t h  e x i s t i n g  da ta ,  GG 
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Systemic A r t e r i  a1 T r e e  
0 : J r .  o f  Biomechanics, Vol .l No.4, 341-353, 1968. =+- 

:I . ' 
U 

-' A b s t r a c t :  A model o f  t h e  human sys temic  a r t e r i a l  t r e e  has been dev ised ,  based on a  '- - 
" lumped-paramete r -c i r cu i t  approx imate form.  T h i s  model has been s e t  up  and s t u d i e d  - e 
z on an ana log  corcputer. A f e a t u r e  o f  t h i s  s i m u l a t i o n  i s  t h e  d i v i s i o n  o f  t h e  - -  Q 

, 

a r t e r i a l  system i n t o  s e c t i o n s  whose l e n g t h s  a r e  i n v e r s e l y  p r o p o r t i o n a l  ( a p p r o x i -  =-- - -  

-; m a t e l y )  t o  t h e i r  c r o s s - s e c t i o n a l  a rea- -o r  what i s  termed ' e c u a l - v o l  urne'model i n g .  
9 

: Great  ca re  was e x e r c i s e d  i n  t h e  d e t e r m i n a t i o n  o f  t h e  model parameters,  u s i n g  : 

i 
=. express ions  f o r  these parameters f r o m  a  r e c e n t  paper  b y  R i d e o u t  and D i c k  on f l u i d  @ 

f low i n  d i s t e n s i b l e  tubes,  w i t h  numer ica l  va lues  based on  measurements r e p o r t e d  i n  - . 
t h e  medica l  l i t e r a t u r e .  

- - 
0 - 1  

:. 
The s imu la ted  p ressure  and f l o w  waveforms o b t a i n e d  w i t h  t h e  model compare : 

> f f a v o r a b l y  w i t h  d a t a  recorded  f r o m  t h e  normal a d u l t  human, and e x h i b i t  such w e l l -  --  

I 

I 
% 

I 
I 

• 1 known f e a t u r e s  as d i s t a l  d e l a y  and peak ing  o f  p r e s s u r e  p u l s e s .  The a o r t i c  i n p u t  - 

1 
- impedance vs. f requency c u r v e  checks w e l l  a g a i n s t  measurements on  t h e  human. The -- 0 

-- - model a l s o  p rov ides  a s i m p l e  means f o r  d e t e r m i n a t i o n  o f  c a r d i a c  o u t p u t ,  c a r d i a c  ;- 0 
; work and c a r d i a c  power under v a r ~ o u s  assumed c o n d i t i o n s  such as v a r i a t i o n  o f  3 8 1  
-1 h e a r t  r a t e .  

.i 
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- - - 1 - SNYDER, R i c h a r d  G .  * <a 

- @ Impact  I n j u r y  Tolerances o f  I n f a n t s  and C h i l d r e n  i n  F ree-Fa l l  I Proc. 1 3 t h  Annual Conf. American Assoc. f o r  Auto. Med., 131-164, Oct.1969 - - 0 * i @  L 
- A b s t r a c t :  A c c i d e n t a l  trauma r e c e i v e d  i n  f r e e - f a l l  imoacts  by i n f a n t s  and 6 

- c h i l d r e n  o f f e r  one means o f  assess ing  t h e  f u l l  range o f  t o i e r a n c e  t o  a b r u p t  
-. d e c e l e r a t i o n  u n a v a i l a b l e  by  e i t h e r  c l i n i c a l ,  exper imenta l ,  o r  mode l ing  - -  I 

s t u d i e s  a lone ;  p r o v i d i n g  each case i s  i n t e n s i v e l y  i n v e s t i g a t e d  f o r  b o t h  -- 

p h y s i c a l  f a c t o r s  and r e s u l t i n g  med ica l  sequelae. - 
-; ? -  @ ' 
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Sobin, Sidney S. ,  Fung, Y .  C . ,  Tremer, H e r t a  M., and Rosenquis t ,  Thomas H. - .  
E l a s t i c i t y  o f  t h e  Pulmonary A l v e o l a r  M i c r o v a s c u l a r  Sheet i n  t h e  Ca t  -- i. 

-- : C i r c u l a t i o n  Research, Vol .  30, pp. 440-450, 1972 ?. : a 
@ :  :,- @ 1 

. - .-..+ - 
! ABSTRACT: The pulmonary i n t e r a l v e o l a r  c a p i l l a r y  bed o f  t h e  c a t  has p r e v i o u s l y  - a 

been shown t o  be c o n s i s t e n t  w i t h  a  s h e e t - l i k e  e n d o t h e l i u m - l i n e d  space b r i d g e d  by  9 
a v a s c u l a r  endo the l ium-covered  p o s t s .  T h i s  was termed t h e  s h e e t - f l o w  model, and 

- 2 .  - : e l  t Q I  
a . :  - 

: @ 
7 

, 
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-, b l o o d  f l o w  through t h a t  space i s  termed s h e e t  f l ow.  The i n i t i a l  f o r m u l a t i o n  o f  
9 

- t h e  s h e e t - f l o w  t h e o r y  and model r e q u i r e d  t h a t  s h e e t  t h i c k n e s s  be t h e  independent  - C' 
-- 
-: v a r i a b l e .  Sheet t h i c k n e s s  ( h )  was measured i n  v e r t i c a l  and h o r i z o n t a l  s i l i c o n e -  - 
5 e las tomete r -per fused  c a t  lungs  o v e r  t h e  t ransmura l  ( a l v e o l  a r - c a p i l  l a r y )  p r e s s u r e  .r < 
3 (Ap) range o f  6.3 t o  27 cm H 0. A p l o t  o f  h  vs Ap f o r  2753 i n d i v i d u a l  m a s u r e -  9 
-I- m n i s  i s  l i n e a r  o v e r  t h e  measured p r e s s u r e  range. The r e g r e s s i o n  l i n e  i s  d e s c r i b e d  

a- .; by  h  = 4.28 + 0.2191 Ap. Sheet t h i c k n e s s  o f  4.28 u a t  ze ro  p r e s s u r e  i s  an e x t r a -  -: p o l a t e d  value. T ~ i e  v a l u e  0 .2191~/cm H20 i s  t h e  c o m ~ l i a n c e  c o e f f i c i e n t  ( a )  o f  - c. 
- t h e  pulmonary c a p i  1  l a r y  bed. E l e c t r o n  m i c r o s c o p i c  s t u d i e s  demonstrated t h a t  t h e  b < - c a p i l l a r y  posts  have a  h i g h l y  o r g a n i z e d  i n t e r n a l  s t r u c t u r e  w i t h  abundant  c o l l a g e n  @ 

and an e l a s t i n  o r  e l a s t i n l i k e  co re .  Co l lagen  f i b e r s  o r i g i n a t e  f r o m  t h e  a l v e o l a r -  0 : c a p i l l a r y  baseren t  m n b r a n e ,  emerge i n  a her r ingbone  p a t t e r n  and sweep toward t h e  ' c e n t e r  o f  t h e  p o s t  i n  a  h e l i c a l  a r r a y  around t h e  e l a s t i n l i k e  amorphous and f i b r i l -  - 
r l a r  co re .  Tile unusual compl iance o f  t h e  m i c r o v a s c u l a r  b l o o d  vesse ls  i n  t h e  l u n g  - @ 

I 
I 

1 can be c o r r e l a t e d  w i t h  t h e  a r c h i t e , c t u r a l  o r g a n i z a t i o n  w i t h i n  t h e  p o s t s .  - 
- .  --  - -  - a 
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l - C o r r e l a t i o n  o f  Myocardial U l t r a s t r u c t u r e  and Funct ion -- 
l -1 C i r c u l a t i o n ,  Volume 38, pp. 29-44, 1968 c! • 
e :  ( 5 , -  

L-- 

ABSTRACT: Tile e l e c t r o n  microscopic s t r u c t u r e  o f  h e a r t  muscle and t h e  u l t r a s t r u c -  
t u r a l  bas is  of  ca rd iac  con t rac t i on  have been reviewed. The r e l a t i o n  between muscle < - l e n g t h  and developed tension has been exp la ined  i n  terms o f  t he  s t r u c t u r e  o f  t h e  ' 

@-'i carcomere, which i s  the bas is  u n i t  o f  cont rac t ion .  Using the der ived length- ten- f- ' 
s i o n  curve of the sarcomere, developed tens ion has been a t t r i b u t e d  t o  t i le  over lap  .- .s. 
o f  t h i c k  and t h i n  fi lsments w i t h i n  the sarcomere, l e n d i n g  suppor t  t o  t i l e  " s l i d i n g "  - 
mechanism i n  l i e a r t  muscle. - @ 

1.t has been sliown t h a t  i n i t i a l  sarcomere l eng th  i s  a  f u n c t i o n  o f  v e n t r i c u l a r  
l l .: - f i l l i n g  pressure and t h a t  t n i s  r e l a t i o n  exp la ins  the  normal l i m i t s  o f  the  h e a r t  as 0 
-: a  pump, i nc lud ing :  ( 1 )  the  S t a r l i n g  mechanism whereby increased d i a s t o l i c  volume --- 
l -j (EDV) engenders an increased s t roke  v o l u m  (SV), ( 2 )  the  upper l i m i t s  t o  ven t r i cu -  -- c- 

=) 2 l a r  f i l l i n g  pressure and valumem and ( 3 )  the normal range t o  t he  v e n t r i c u l a r  e jec-  - 

l -:I t i o n  f r a c t i o n  (SV/EDV). Fur ther ,  u l t r a s t r u c t u r e  he lps  t o  de f i ne  the  processes which - - 
--' occur  w i t h  acute and chron ic  v e n t r i c u l a r  d i l a t a t i o n .  I n  t h i s  regard, the i npo r -  : - e - 1  

---;1 tance o f  sarcomere d ispers ion  and :''Fiber sl ippage," which may l e a d  t o  d isordered 
Lz --aF 

l - -- v e n t r i c u l a r  f unc t i on ,  have been discussed. 
Q - - 1  

E a  ; 
l -? I & -  i 

E- ' - . 1 , .  8 1  - 
... --.-. 
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6- ' ' 
Sonnenbl i c k  ,Edmund H. , Parmley, W . W .  and Urschel  ,Charles W. > -  

l - The C o n t r a c t i l e  S ta te  o f  the Heart  as Expressed by Force-Ve loc i ty  Re la t i ons  - 
l -, The Am. J r ,  o f  Cardiology,Vol.23,488-503,1969. : a ,  , 

i- 
Abst rac t :  This i s  a  t h e o r e t i c a l  ana l ys i s  of  t h e  c o n t r a c t i l e  s t a t e  of t h e  :. , - h e a r t  i n  t e r n  of bone mechanics a p a r t  from t h e  f u n c t i o n  of  the  v e n t r i c l e  3 G~ 1 - as a  p u p .  The authors have attempted t o  d e f i n e  the  p r i n c i p l e s  o f  muscle -2 

0 ,  i n  i s o l a t e d  h e a r t  muscle upon which the  measurement o f  ca rd iac  
- 1 c o n t r a c t i b i l i t y  i n  the  i n t a c t  near can be based. IF- i :. . 1 e - A cons ide ra t i on  o f  the hea r t  as a  muscle r a t h e r  than a  pump o f f e r s  i n s i g h t s  .- 
l 7 i n t o  the  mechanism which con t ro l  v e n t r i c u l a r  c o n t r a c t i l i t y  and func t i on .  These :. < 
l _-: comcepts are n o t  on l y  o f  use i n  understanding normal ca rd iac  phys io logy  5 • - 

b u t  p rov ide  i n s i g h t  i n t o  v e n t r i c u l a r  performance with e i t h e r  abnormal over loads :- 
@ - o r  f a i l u r e .  Thus, the p r i n c i p l e s  of muscle mechanics o f f e r  a  s e n s i t i v e  and - -. 

@ i  
l - i reproduc ib le  methcd f o r  ana lys is  of  ca rd iac  func t i on  which can u l t i m a t e l y  be - > -,  i n t e g r a t e d  i n t o  o v e r - a l l  c i r c u l a t o r y  systems. :. • i k 
l The a n a l y s ~ s  of  i sovo lumic  s y s t o l e  provides an es t ima te  o f  the i n t r i n s i c  - 
l .. speed of  myocardial c o n t r a c t i o n  (V,,,) and thus a  m a s u r e  o f  c o n t r a c t i l i t y .  

I 

T 
l _ ., A1 though the ex tens ion o f  these - methods t o  c l i n i c a l  problems i s  as y e t  i @- 

errbryonic, these p r i n c i p l e s  and methods do p rov ide  a r a t i o n a l  framework f o r  - 
s u c h s t u d i e s .  i @ ,  

l 
r 

I :. - 
l - - - -  '------I -iT, ----- ---- - --- - - 
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8 - sONNENBLICK, Edmund H. 
De te rminan ts  o f  A c t i v e  S t a t e  i n  H e a r t  Muscle:  f o r c e ,  v e l o c i t y ,  i n s t a n t a n e o u s  
muscle l e n g t h ,  t ime .  

.;:, 
Fedn.Proc. 24, 1396-1409., 1965. 
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S~NIJENBLICK,  Edmund H. - @ 
- 1  F o r c e - V e l o c i  t y  Re1 a t i o n s  i n  Mama1 i an H e a r t  Muscle : 

.I 
Am. J. P h y s i o l . ,  202(5): 931-939, 1962 

- -- = -  
- -- 

@ I  - AdSTRACT: F o r c e - v e l o c i t y  r e l a t i o n s  were s t u d i e d  i n  t h e  c a t  p a p i l l a r y  musc le .  
a As w i t h  s k e l e t a l  muscle, a  c n a r a c t e r i s t i c  r e l a t i o n  llas been d e m n s t r a t e d  be- -3 b e e n  t n e  v e l o c i t y  o f  s h o r t e n i n g  (1) and t i l e  f o r c e  deve loped  (P ) .  TWO 

: 

. = I  0 
4 

g e n e r a l i t i e s  ( lave been sbowo t o  p e r t a i n .  F i r s t ,  i n c r e a s i n g  i n i t i a l  musc le  - -  4ib 
-:I 

l e n g t h  i n c r e a s e s  t n e  maximal developed f o r c e  (Po) wi  t l ~ o u t  a  change i n  t h e  

E' maximal v e l o c i t y  o f  s h o r t e n i n g  (V ) Secondly ,  a t  any one musc le  l e n g t h ,  
-- c 

max 0 - cnanges i n  frequency o f  c o n t r a c t i o n  and c h e k i c a l  e n v i r o n m e n t  ( inc reased  c a l c i u m  . -; and n o r e p i n e p l i r i n e )  i n c r e a s e  V w i t h  a  v a r i a b l e  change i n  Po. Changes i n  -: - -  max a ---- 
a . ",ax thus h e l p  t o  c h a r a c t e r i z e  an i n o t r o p i c  i n t e r v e n t i o n  (a1  t e r e d  c o n t r a c t i l  i t y ) .  

> j Work and Power, a t  any one muscle l e n g t h ,  a r e  f u n c t i o n s  o f  a f t e r l o a d ,  w i t h  a 
- I  maxima wlien t h e  l o a d  i s  a p p r o x i m a t e l y  40% o f  i s o m e t r i c  t e n s i o n .  W i t h  i n c r e a s i n ~  @ . . -  i n i t i a l  muscle l e n g t h ,  t h e  work and power a t  any one a f t e r l o a d  as w e l l  as t h e  o - 

maximal work alid power o f  t l i e  muscle a r e  b o t h  i n c r e a s e d .  A t  c o n s t a n t  i n i t i a l  
l e n g t , ~ ,  p o s i t i v e  i n o t r o p i c  i n t e r v e n t i o n s  ( i n c r e a s e d  f requency ,  i n c r e a s e d  c a l -  a 

.- cium, and n o r e p i n e p i l r ~ n e )  i n c r e a s e  t ~ i e  work a t  any one a f t e r l o a d  as w e l l  as 
- s n i f t  tne  maximal work p o t e n t i a l  t o  a  h i g h e r  a f t e r l o a d .  Work per fo rmance  0 

! a 
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S J I I I J E ~ ~ ~ L I  CK, Edrnund d .  = 
Force-Veloc i  ty  R e l a t i o n s  i n  Mammalian t i e a r t  Muscle c:. I " 
Am. J. Phys io l . ,  2 0 2 ( 5 ) :  931-939, 1962 i?i- I - - 
USTRACT ( con t inued)  : tnus depends o n  muscle l e n g t h ,  t h e  p r e v a i l i n g  f o r c e -  z. 
v e l o c i t y  curve,  and t n e  a f t e r l o a d  a t  w l ~ i c r l  tile muscle i s  o p e r a t i n g .  5 
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a - 1  
l Sonnenblick,E.H. 
-7 Imp1 i c a t i o n s  o f  Muscle Mechanics i n  t h e  H e a r t  , .: Fedr .Proc . , 21 :6,975-990, 1962. 
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t r a c t i o n  has been found t o  be u n i q u e l y  d e s c r i b e d  by t h e  i n s t a n t a n e o u s  r e l a t i o n s  . . @ 
o f  fo rce ,  v e l o c i t y ,  and muscle l e n g t h  d u r i n g  s h o r t e n i n g .  T h i s  a p p l i c a t i o n  o f  1 .  8 

-*..- 

4 , : ;  i ns tan taneous  f o r c e - v e l o c i  t y - l e n g t h  r e l a t i o n s  a1 lows f o r  a  more g e n e r a l i z e d  anal-?':% 
- y s i s  o f  c o n t r a c t i o n  i n  h e a r t  muscle than i s  a f f o r d e d  by  t h e  use o f  i n i t i a l  musc le3  

l e n g t h  r e l a t i v e  t o  f o r c e  and v e l o c i t y  a lone .  p;> e i 
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f;F!.;<: r;:<:- - : 1:- 
: ( 3  . - - -  .. . I L  .. I c ~ t r a c t i l e  Element Interactions in  Generation of I-lyocardial - 

, ,. .. - - ,  . . .  . 
-,,c.L-;. ,. ,  l t ~ , :  ,:: ,-!I.:~'; 9 ..:.L- , c  I~11g t t1 ,  Ilui~~plr~ephrine and Strophanthidin . . 

; 0 . .  r...,- 7 ,..- r -  - - ,  . , .., i .  6 
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h - X '  :.- 0 -+ - ., :;:Is:. , - c , C f  CT:: ' d  ., ','. " -  ,!ir.nr T - T - "  . ; _ ; ~ i r g  t n c  c:t ;1z;i! l . ; r y  nl~sc le ,  active cardiac muscle has . . . 0 
:-G :?. 

hn?n :.??l:'zed ;: tern?., c f  a cc?tr ;c t ' lc  c l e x n t  ( C E )  i n  ser ies  with an e l a s t i c  1.. 0 

i C: e i e r e n t  ( S E )  a f t e r  "i! , Fcrce ( P ?  2nd d:':?l?celrent ( L )  were recorded. The C E  -!- 
fcrce- : l~?oci  t y  and SE 1 ength-ex'iensior! curves were evaluated under varyirig . . -- 

. . ;. . c- ' c!j:1~1t:3ni c i  .Icng:h srid conrractil  i t y .  7he r;rodulvs of e l a s t i c i t y  ( s t i f fne s s )  of 
rtle SE ( d p l d l  ) vas obtairi~ld by measuring the ins ta~~tancous  r a t e  of force develop-. . ' 

, 
s;ent(dnldt) a n d  velocity of isoto\iic shortening (d l / d t )  as functions of load (P), -.. O 

] C 
, -  . 

since dpldl : -dp /d l  ____ _ a t  p ,  The dp/dl was found a l inear  Functicn of load (dp/dl = 
dl / d t  . C . '  :-. 0 - 3 .  k - P ! ,  vchere k = 3 . 2  t .4. Thus, the load-extension curve of the SE i s  exponential; --' The SL i:as also measired by integrating d l /d t  as a  function of time a f t e r  stirru- --.- * 

I ' -. latior1 a r ~ d  by isometric quick release. This dl/dt-time relat ion i s  independent , -  

\ @ o f  muscle l e n ? t h  and unique for  a  given s t a t e  of contract i l  i ty.During isonetr ic  - ', .- . G 
: o - force deveiopmei~t , the SE i s  ext~nded 7 t o  9% o f  over-all muscle length v ~ i  th .. 0 
1 0 a!,proxiinately b(10 g/cri2 ter~sion.  The n~odulus o f  e l a s t i c i t y  of the SE, 4 to 5 - .'- Q I 

1 - t i r e s  that  o f  frog sat , tor ius ,  i s  independent of changing muscle length and ino- .:. 

! @ : i ro? i r  agen t s ,  norepinephrine or strophanthidin. These resu l t s  allow ,i,- " 
i r )  . . ;:- 0 
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O - SOOIG,  T .  T .  and H U A N G ,  W .  N .  - • ' ' i S t o c h a s t i c  ',:ciel for  Bio log ica l  T i s s u e  E l a s t i c i t y  i n  Simple Elonga t ion  • 
0 _ J .  Biomechanics, 6 : 5 ,  451-458, 1973 
8 - - - 0 

I a . A b s t r a c t :  A mathematical model i s  descr ibed  which p r e d i c t s  t h e  e f f e c t i v e  tangent  
moduli of b i o l o g i c a l  t i s s u e s  a t  each deformed s t a t e ,  which accounts  f o r  t h e  con- a t r i  b u t i o n s  of t:lo major load-bear ing  components--collagen and e l a s t i n .  The prob.. 

I -- lem i s  s t u d i e d  from a s t o c h a s t i c  p o i n t  o f  view based upon t h e  t h e o r y  o f  com- * q 

! p o s i t e  m a t e r i a l s .  I t  i s  shown t h a t  a s imple stochastic moael i s  p o s s i b l e  and i t  I I can be e x ~ r e s s e d  i i n ~ l y  i n  terms of t h e  volume fractions of c o l i a o e n  and e l a s t i n  O 

1 - f i b e r s  and o f  t h e  ' c o l l a g e n  a r r i v a l  d e n s i t y .  ' The model i s  then  used i n  t h e  c.. 
: d i s c u s s i o n  of  s t r e s s - s t r a i n  r e l a t i o n s h i p s  of  t h e  a l v e o l a r  wall i n  s imple  

- e l o n g a t i o n .  0 
! 8 

--- ---- -.- A- ' 
- ' - "  - 

~ O O O ~ ~ ~ O O O O @ ~ . ~ ~ O O ~ O O ~ O O O O ~ @ @ @ @ ~ ~ @ @ ~ ~ L , ~  , . , , 
, , 

.. . ., .. 
. ___+-__ _ . . - :, :c 2 ,  ; 2 3 ,  2i :, ~ 7 , T ~ ~ ~ : : 5 ~ ~ - . - ~ ~  , ,j------~-------------- , l ' !  2 8 , 7 i 6 , 5 ! :  , ;, , 0 9  . 5 !  I . < ,  

i : + Spitzka.,Anthony 
- 0  -. .. A note on the t r u e  weight  o f  t h e  lungs .  
- .  <; - - 

@ :, Amer.3. Anat,3:V, 1904 @ 

0 :: In six criminals executed by electricity, the neigllt of the l l ~ n g s  mas 
1 .  

. -  I. I - - -  found to be much belov the averages generally given in  rile ~ s t - b o o k s .  . :. - 3 1' The differences due to two peculinr conditions attending this mode of . . 
death, namely, non-coagulation of the b loodnnd  contraction o i  the 1 

ressel nnll~. With  tllis the sudden closure of the glotlis, tlle contraction 
@ :  -- 

1 
- ..-- of the thoracic c a ~ i t y ,  and other phenomena all help to bring about a 

-. - 
: .  i 

nearly bloodless coudition of the lungs, EO that  s e  are enabled to ascer- 
• -. :; b i n  the actual xeight of lung tissue only, not, as in ordinary death, of 

- - -  0 I 

a variable amount of blood and serum as nell. - 1  . i  - - 
The table follovs : -. y -  -. 

. L G r a m s  (Sunoea H - 5 0  
............... > -!. Cmlgosz 29 

. 8.5 T' -- 
Twckofskl 4 1  9.5 ............ 

,:,. W . V . W  27 ................ 320 356 12.5 
- 0 .  

- ' ,  B . V . W  ................ 23 - - 
Gamarl 31 

- 
280 310 9.9 ' 10.9 : -- 
21 6 7 .6  

248 / . . 
. . . . . . . . . . . . . . . .  8.7 

Ennis 30 , 269 9.5 1 - ................. ... 
.;. : . The xeight of thc  lurlgs t l~enlsel~es then more nearly approximate 

-- 

0 7 and 8 o u c e s  resjieciirely than 90 and 22 ounces as usually given. 
: 

I 6 . . . .  _ _ _  _ .. ... ._ ... . . . . . . . . . . . .  
:. . 

.- . , . . . .  . . . . . . .  
.] 6 
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Stacy ,R.W.,  Zarzman, M . ,  Randall, J .  and Eberstein, A .  0 
Tine course of s t r e s s  relaxatton in isolated a r t e r i a l  segments. : .  

- :  Am. J .  Physiol. 177: 299-302, 1954 - -  
C- 

~ B b T n ~ ~ i : i x p c r - i r ~ n t s  have been performed t o  study the time course of s t r e s s  re- 
@ 

5 laxat ion in isolated a r t e r i a l  segments, and t o  determine the a r t e r i a l  s t ruc tures  e 
involved in th i s  phenomenon. A comparison of s t r e s s  relaxation in carot id a r t e r i e s  0 I n t a i i  n e r a 1  e a 1 el a s  1 ements and umbil 1 a r t e r e s n e a r  3 

4 . a l l  smooth muscie) ~ n d i c ~ t e s  tha t  the s t ress  relaxation i s  a phenomenon associated , 
/ with the s ~ o c t h  muscle ccmoonent of the ar tery.  

I S t ress  r e l axa t~on  b~as snown to be wnexp~nent ia l .  A successful plot  was obtained 
0 

when pre'sne (or  wall tension) was plotted v s .  logarithm of time. On such a p lo t ,  0 

/ ' - the time course followed a s t ra igh t  l ine relationship over two o r  more log cylces . O -- 
I a - -  of time. The s t r e s s  relaxation was about 80% complete within 10 seconds. 8 
=) The time course curves are discussed i n  the l i g h t  of a theory propounded for  t he  - 0 

explanation of s imilar  curves in fatural and a r t i f i c i a l  materials.  Although such 
-- theories  (based on a box-like dis t r ibut ion of relaxation times) f i t  the data 

-. / a-p- reasonably we1 1 , i t  i s  considered that a more natural theory would be advisable. . - a I -  + 

- --------- I 
2 * -  a_-._ - -- -- -- -I 

a -- - -  
-. 

. I  
- - --. - -A --L - , , ' I  - , 1 1 , ' 3 ,  5 ~ l l ~ - n ~ 3 I 7 l "  5 4 q----- 19 1 -- . ! @ @  I Sten-Knudsen, Ove 8 

/ - Torsional E las t ic i ty  of the Isolated Cross S t r ia ted  Muscle Fibre 
: @  -- Acta Physiol .Stand. 28: Suppl . 104, 1953 
2. i e  : i -  

1 9- -- 
- - > .: 2. 8 

- :. 0 ,  -: 
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, g a 
! t 5 i i ; r ! d k t r ,  R. L . ,  V .  L .  Roberts and ? .  H. McElhaney : e 
, e . Side i r y a c t  Tolerance t o  S l c n t  Trauma - 6 

-- 
17 tn  Stapp Car Crasn Conference, Paper i io. SAE 730979, pp. 377-408 

I - - -  ' . ABSTRACT: The o ~ j e c t  o f  t h i s  research program has been t o  ex tend  the  scope o f  
. @  

3 .:- - e a r l i e r  work t o  i n c l u d e  l c n g - d u r a t i o n  head impacts and t o  develop new s c a l i n o  0 

; - - r e l a t i o n s h i p s  t o  a l l o w  e x t r a p o l a t i o n  o f  impact da ta  f rom in f rahuman p r imates  t o  @ 
( e  , f l i v i n g  humacs. 
, -- 

a 
0 : A series o f  l i v i n g  p r imate  s i d e  impacts t o  the  head and t o r s o  was conducted . ,- I i n  p a r a l l e l  w i t h  a  w r i e s  o f  impacts t o  human cadavers. Dimensional a n a l y s i s  

1 - .  techniques ,:ere employed t o  es t imate  i n  v i v o  human t o l e r a n c e  t o  s i d e  i n j u r y .  
. O  

l o - -  The t h r e s h o l d  o f  c losed  b r a i n  i n j u r y  t o  humans was found t o  be 76 g  f o r  a  d 

' @ , pu lse  d u r a t i o n  o f  20 ms and an impact  v e l o c i t y  o f  43 f t / s  (13.2  m/s). The maxi- 0 

1 mum t o l e r a b l e  p e n e t r a t i o n  t o  the  ches t  was found t o  be 2.65 i n  (6.72 cm) f o r  bot,h e 
-. 3 -; the l e f t  2nd r i g h t  s i d e s .  

S c a l i n g  o f  abdominal i n j u r i e s  t o  humans was accomplished by employ ing a  f a c -  - 
f. 

t o r  t h a t  r e l a t e s  impac t  con tac t  area, animal mass, impact f o r c e ,  and p u l s e  dura- .- 

t i o n  t o  i n j u r y  s e v e r i t y .  The maximum t o l e r a b l e  con tac t  pressure t o  t h e  upper  0 

- r abdomen o f  a  human was found t o  be 32 l b f / i n 2  (220 kPa). -- :- 
- e -- 

1 0 .I. -- ? .  . 
@ 

0 . STEPHENS, F r e d e r i c k  0 .  , Hunt, Thomas K,  and Dunphy , J .  Engl e b e r t  
1 . 7 Study o f  T r a d i t i o n a l  Methods o f  Care on t h e  T e n s i l e  S t r e n g t h  o f  S k i n  Wounds i n  a 

-' Rats ' '- ' Am J  Surg 122:78-80 J u l  1971 :- a 
I0 - - - - a 
: A b s t r a c t :  The e a r l i e s t  records o f  wound c l o s u r e  by  t h e  use o f  s u r g i c a l  s u t u r e s  O 

Q and adhesive taDes a r e  found i n  a n c i e n t  Egyp t ian  w r i t i n q s  d a t i n g  f r o m  3000 B.C. 0 
0 - - 1  Today an exper imenta l  s tudy i n  r a t s  i n d i c a t e s  t h a t  su tu res ,  d ress ings ,  and -- I i m b i l i z a t i o n  i m p a i r  t e n s i l e  s t r e n g t h  i n  ~ r i m a r i l y  c losed  s k i n  wounds. Some 0 

p r a c t i c a l  a o p l i c a t i o n s  of these observat ions,  i n  t h e  c a r e  o f  wounds i n  man, a - - c. -: a r e  discussed.  6 

.I- 
2 a -- -- 

8 
1 -  

?- - 

3' : 8 
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: e j  
S:EE1:, Jack T . ,  J r .  
I n v e s t i ~ a t i O n s  Concerning t h e  Theory o f  ' S p u r t '  and 'Shunt l  Muscles -- 

e - J ,  o f  Biomechanics 4 : 5 ,  437-453, 1971 
O i  

r----- - 1 -- t. 9 :  , *  . - ,  

A b s t r a c t :  The o b j e c t  of t h i s  s tudy  i s  t o  examine i n  some d e t a i l  t h e  t h e o r y  o f  0 > ; ' s p u r t '  and ' s h u n t '  muscles as proposed by MacConai l l  (1946,1949) and MacConail ; e ' ! .: and easmaj ian (1969) .  The p r ime a p p l i c a t i o n  o f  t h e  t h e o r y  i s  t o  t h e  f l e x o r s  o f  3 ' t h e  fo rearm,  and the  g r e a t e r  p o r t i o n  o f  t h i s  a n a l y s i s  concerns these  muscles. - 
I .-! The c e n t r i p e t a l  fo rce  r e q u i r e d  i n  r a p i d  movements o f  t h e  fo rearm i s  c a l c u l a t e d .  
1 - .  
I 

An e lec t romyograph ic  exoer iment  demonstrated t h a t  t h e  b r a c h i o r a d i a l i s  i s  n o t  0'' 
I - a c t i v e  i n  r e s i s t i n s  a f o r c e  o f  t h i s  magnitude tend ing  t o  separa te  t h e  bones 0 . 

/ f o r m i n g  t h e  e l  bow j o i n t ,  The t h e o r e t i c a l  a b i l i t y  o f  t h e  b r a c h i o r a d i a l i s  t o  - e l  
a 

s u p p l y  t h e  r e q u i r e d  fo rce  i s  then  determined.  It i s  shown t h a t ,  o f  t h e  v a r i o u s  1 @--- :' muscles a b l e  t o  p r o v i d e  shunt  f o r e c ,  t h e  b r a c h i o r a d i a l i s  i s  n o t  t h e  b e s t .  - 
- .! 

F i n a l l y ,  t h e  a p p l i c a t i o n  o f  t h e  t h e o r y  o f  ' s p u r t '  and ' s h u n t '  muscles t o  o t h e r  -;, a 
1. ar la tomical  reg ions  i s  analyzed and found t o  be unsuppor ted by  ev idence .  -- 
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@ - S t r e e t e r ~  Dan ie l  D. , S ~ o t n i t ~ ,  Henry Me,  P a t e l ,  D a l i  P., Ross, John, Sonnenbl ick ,  i;,,, 

i 1 . - Edmund M. 
" 

i - F i b e r  O r i e n t a t i o n  i n  t n e  Canine L e f t  V e n t r i c l e  d u r i n g  D i a s t o l e  and S y s t o l e  
I - z e p  

I - C i r c u l a t i o n  Researcn, Vol.  24,  pp. 339-347, 1969 Zi- @ / 
r--- 31. @ ' 

AaSiECT:  F i b e r  o r i e n t a t i o n  across t h e  l e f t  v e n t r i c u l a r  myocard ia l  w a l l  has been 9 -  3 i s t u d i e d .  Specimens were o b t a i n e d  from 18  dog h e a r t s  r a p i d l y  f i x e d  i n  s i t "  i n  

i 
0 - 1  j y j t o l e ,  i n  d i a s t o l e ,  and i n  d i l a t e d  d i a s t o l e .  F i b e r  o r i e n t a t i o n  was de te rmined  - 

i across t n e  f r e e  w a l l  a t  e i g h t  s i t e s  from a  T-shaped specimen by measurements w i t h  :- 0 
- -  - 

l i g n t  microscopy i n  s e r i a l  p a r a f f i n  s e c t i o n s .  Resul ts  i n d i c a t e :  ( 1 )  The w a l l  has <. 
-' a  d e l l - o r d e r e d  d i s t r i b u t i o n  o f  f i b e r  angles v a r y i n g  f rom about  60' ( f r o m  t n e  c i r -  : g ' I- c u m f e r e n t i a l  d i  r e c t i o n )  a t  the  i n n e r  sur face t o  about -60' on t h e  o u t e r  su r face .  
i Tne g r e a t e s t  change i n  ang le  w i t , ,  r e s p e c t  t o  w a l l  th i ckness  occurs  a t  t h e  two s u r - -  

@ -: faces (endocard ia1  and e p i c a r d i a l ) .  ( 2 )  F i b e r  angles d i d  n o t  change s i g n i f i c a n t l y  -. - Q 
- 1 d u r i n g  the  t r a n s 1  t i o n  from d i a s t o l e  t o  s y s t o l e ,  d e s p i t e  a  28Z i n c r e a s e  i n  w a l l  @ -" 

- " t n i c k n e s s  (excep t  i n  t h e  p a p i l l a r y  muscle r o o t  r e g i o n ) .  ( 3 )  The p r o p o r t i o n  o f  :. O - ' 
f i b e r s  l y i n g  i n  t h e  s e c t o r  o f  f i b e r  ang les  o r i e n t e d  c i r c u m f e r e n t i a l l y  (0t22.5')  . e 

- t o  tnose o r i e n t e d  l o n g i t u d i n a l l y  (675. t o  90' and -67.5 t o  -90" )  i s  a p p r o x i m a t e l y  , - e 
1 0 : l .  T h i s  r a t i o  inc reases  toward t h e  base and d i m i n i r t l e s  toward  t h e  apex o f  t h e  

- l e f t  v e n t r i c l e .  ( 4 )  A11 f i b e r  ang les  i n  t h e  l a t e r a l  w a l l  o f  h e a r t s  i n  s y s t o l e  i n -  - I 6 - creased througn the  w a l l  uy approx imate ly  7' n e a r  t h e  base and 19' n e a r  t h e  apex . :  @ 

r e l a t i v e  t o  t i l e i r  c o u n t e r p a r t s  i n  d i a s t o l e ,  i n d i c a t i n g  bend ing  o r  t o r s i o n  o f  t h e  
l e f t  v e n t r i c l e  d u r i n g  c o n t r a c t i o n .  

- - ,  . . - . - - - - - - . y e  
/ @  0 .  
~ @ ~ 0 0 ~ ~ ~ 8 9 8 6 @ @ @ 0 ~ 0 8 @ @ d @ @ ~ @ * * @ * @ * ~ ~ @ @ ~ ~ ~  
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--- ---- - -- 

@ O C , 0 1 ) , Q Q G ~ d O d O i / @ d O @ @ @ 8 0 0 @ O 0 8 8 @ O @ ~ 9 ~ @ @ @ 0  
f @  - - - - -  - - -  - - - -- - - -- - - - ' - - - --- - -- - e 6 ' STREETER, Saniel D., !!aishnav, Ramesh N. ,  Patel, Dali J . ,  Spotnitz, Henry M. 

0 

qoss, ?oh? 2 n d  Soonenbiick, ~ d m u n d  H .  0 

- Stress DistriCution I n  the Canine Left Ventricle During Diastole and Systole - 
Biop+js.J.,10:345:63,Aor.1970 I- - 

0 
0 

Abstract: A model i s  proposed for stress analysis of the l e f t  ventricular wall - a 
(LV wall) based on the rea l i s t i c  assumption t h a t  the myocardium i s  essentially ' - composed of fiber elements which carry only axtal tension a n d  vary in orientation d 

@ through the ilall .  Stress analysis based o n  such a model requires an extensive 8 

1 study of muscle fiber orientation and curvature through the myocardium. - C 
Accordingly, the principal curvatures were studied a t  a  local s i t e  near the 6 

- equator in ten dog hearts rapidly fixed in s i tu  a t  end diastole and end systole; 
- the fiber orientation for these hearts had already been establisned in a / :-j previous study. 

(3 -- 
: a 

i @  - -  - -  . - - -  - .- -- - -  - -  ---___ -- - .-- --- _ @ Q  -- 
i @- : STROMBERG, Don D ,  and Wiederhielm, Curt A .  Q 

8 Viscoelastic Description of a  Collagenous Tissue in Simple Elongation -- 
9 

J .  Appl . Physiol . 26(6),  857-862, 1969 1 z. 0 

Abstract: Primary tendon bundles about 100 u in diameter and 3 crn long from t a i l  - 0 I @-. tendons of young adult male mice were subjected to  step loads and s train was 3 
3 wasured with a differential transformer. Stress was computed from the appljed i) 

load and in i t i a l  cross section. After attachment with Eastman 910 adhesive, 6 
tendon bundles were immersed in a temperature controlled ( 3 7  C ) ,  Tris-buffered -- - 

- (pH 7.1 ) ,  Ringer bath. Instantaneous e las t ic  response was less  than 2% of the 
- ini t ia l  length. Creep over several hundred seconds was less  than 0.1%. Linearity < 

@ - of the plot of log stress vs. instantaneous s t rain over three decades of applied 
stress implies a  simple linear relationship of the tangent modulus to applied r) 

- stress ,  as outlined by  F u n g ,  1967. Data in the l i t e ra ture  suggest that  Fung's 0 
modulus for a  collagenous tissue i s  related to the organization of collagen fibr1:s 
in that t issue. letwork analysis of the stress distribution among f i b r i l s  may 
provide a  means for  relating properties of f i b r i l l a r  elements such as primary 8 

- tendon bundles to behavior of whole collagenous tissues. I 
- senes  elast ic  element of primary tendon bundle; f i b r i l l a r  recruitment; 

@ macromolecular recrui Went; network analysis; creep of primary tendon bundle; 
creep of  collagenous tissues; viscoelasticity of connective t issue 
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d Suf;iharz, T . ,  r l i l d e ~ p a n d i ,  3 ,  and M a r t i n ,  C. J. ':. 8 
d 

Viscoe1as:ic P r o p e r t i e s  o f  A l v e o l a r  ida l l  
j. Appl.  F i l ~ s i o l . ,  Val. 33, ~ i o .  1 ,  pp. 93-98, 1972 .: . * -. ' 

i 0 . :  . ; - 0 
. .' 

I .-, ABSTRACT: V i s c o e l a s t i c  p r o p e r t i e s  o f  human l u n g  t i s s u e  were es t imated  u s i n g :  ' Q 

> 1 )  tne l i y s t e r e s i s  r a t i o  ( H R )  o r  tne  r a t i o  o f  t h e  area o f  h y s t e r e s i s  t o  t h e  
. . 3 

..: area benearii the ex tens ion  curve measured f rom a  l e n g t h - t e n s i o n  curve o b t a i n e d  : Q 
-- oy met~tods p r e v i o u s l y  r e p o r t e d  (Fukaya, e t .  a l . ,  J. Appl .  P h y s i o l ,  25:689-695, :' 

,9681, and 2 )  s t r e s s  r e l a x a t i o n  ( S R ) ,  i . e . ,  t i l e  percentage o f  s t r e s s  decre i rent  
1 : ' bebveen tne  peak s t r e s s  and t n a t  p r e s e n t  5 and 30 sec a f t e r  a  sudden s t r e t c h .  ; 

0 7 HR and S R  are g r e a t e r  on t n e  f i r s t  s t r e t c h  t i ian i n  subsequent s t r e t c h e s  . . 
, . .  . . 

@ . - (adapted;. do tn  HR and S R  i n  the adapted s t a t e  a r e  r e l a t i v e l y  unchanged o v e r  . c:r 
a  wide range o f  s t r a i n  c o v e r i n g  tne whole p h y s i o l o g i c a l  range. IJei t h e r  age, . Q 

- -  sex, n o r  d isease- re la ted  changes i n  HR o r  SR were observed. B i o l o g i c a l  - 
:. 0 

. m a t e r i a l s  nay snow de fo rmat ion  o f  t h e  l o a d i n g  curve  wi t h  d im in ished  peak f o r c e  t,. 
on subsequent re tens ions  w i t n o u t  a1 t e r a t i o n  o f  the  r e s t i n g  l e n g t h  (permanent -,  

.?'.. Q 
s e t ) .  - 

1: @ - --. 

, 
v i s c o e l a s t i c i  t y  ; i l y s t e r e s i s ;  s t r e s s  r e l a x a t i o n ;  adapted s t a t e ;  permanent d e f o r -  ,i,. Q -. 
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but scattered around them in the second, and we attempt to interpret  these 
differences . 
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@ -2 T h e i s ,  E . R .  and S t e i n h a r d t ,  R.G., J r .  

P r o t e i n  A x i a l  Movement S t u d i e s  
-.- - 1  11. Data Obta ined Through Use o f  Dynamic and S t r a i n  Gage Shr inkage  Mete rs  

-:I J.Am. Lea ther  Chems.Assoc. 45:591-610, 1950. 

I ---- - - - - - - -- A-- - -- -- 
I 

6 ~ 8 @ O @ C Q ~ Q 0 0 ~ ~ 0 @ @ 8 0 8 O B d , e 8 6 F e f C 8 e T ~ 0 8 C I ~  
8. A. - . - 

4 - - - - - ---- LA-- --- - L -  

8 6 
4 

TFiYci lc,  ".G. 0 
0 The I n p u t  i r ,gedarcc o f  a n  Assembly c f  Randomly Branch ing  E l a s t i c  Tubes e 
6 L E ~ o p h y j .  2 ,  6 ,  29-51 ,  1966 8 

l o  - -- 0 
I 1 @-.L A b s t r a c t :  C o r p u t a t i o n s  a r e  p resen ted  o f  t h e  i n o u t  impedance o f  assembl ies  o f  Q 

- randop ly  b ~ f u r c a t i n g  e l a s t i c  tubes,  as a  g e n e r a l i z e d  model o f  t h e  a r t e r i a l  sys-  Q 
tem. Account i s  taken of t h e  v i s c o s i t y  o f  t h e  f l u i d ,  t h e  v i s c o e l a s t i c  p r o p e r t i e s  

- of  t h e  w a l l s ,  t h e  v a r i a t i o n  o f  e l a s t i c i t y  i n  t h e  d i f f e r e n t  o r d e r s  o f  branches,  43 

@..' and t h e  v a r i a t i o n  i n  c r o s s - s e c t i o n a l  area a t  t h e  b i f u r c a t i o n s .  The r e s u l t s  show 0 

- 1 t h a t  t h e  d i s t r i b u t e d  and s c a t t e r e d  n a t u r e  o f  t h e  t e r m i n a t i o n s  o f  such an assembly 0 

i { ; g r e a t l y  reduces t h e  i n f l u e n c e  o f  r e f l e c t i o n s  upon t h e  b e h a v i o r  o f  t h e  i n p u t  < 
impedance. The v a r i a t i o n  o f  imoedarce w i t h  f requency  i s  v e r y  s i m i l a r  i n  form t o  0 
t h a t  found i n  animal exper iments f o r  t h e  i n p u t  impedance o f  t h e  a o r t a .  The 
a r c h i t e c t u r e  o f  t h e  a r t e r i a l  system may thus  be cons idered  t o  p l a y  an i l ~ l p o r t a n t  - e 

I . p a r t  i n  d e t e r m i n i n g  t h e  f a v o r a b l y  low impedance p resen ted  t o  t h e  h e a r t  by  t h e  8 
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a 
i i c ~ n e r ,  i. Glel:n and Sacks, Alvin H. - • 
A Tneory for t ~ ; e  S ta t i c  Elastic Uenavior of Slood Vessels :- 

diorneology, Vo' .  3 ,  p p .  151-168, 1967 1 a - - 

ABSTRACT: A tneory i s  presented for  determining a l l  of tlie parameters re- 
0 

qui red to describe tne e l a s t i c  oe~iavior of blood vessels under any s t a t i c  - Q 

loading. Selected specimens o f  fresh excised human and canine a r t e r i e s  have '. 0 

Seen tested in tne laboratory and w e i r  e l a s t i c  benavior determined by the tneory 
presented. 

T n ?  results  i n d i c a ~ e  that  for a l l  specimens t e s t ed ,  the  a r t e r i a l  wall 
benaves as a nonlinear homogeneous anisotropic compressible materi a1 and can 
be descrioea by s i x  el a s t i c  corlstants f o r  eaco level  of s t r a i n .  Both the 

circumferential and tne axial s t i f f n e s s  are found to  increase with internal  
pressure, and botli approacn t ~ i e  value fo r  the collagenous f ibres  a t  very high 
internal  pressure and axi a1 rrei g n t ,  respectively. The radial s t i f fness  i s  the 
smallest of the tilree and i s  found to  be e s sen t i a l ly  independent of e i t h e r  inte 
pressure or  axial loading. 

-- - _  - - - a  _* -  .- ---_----.I--- - -- - 
~ o 6 ~ 8 0 6 @ 9 0 e e o 0 8 ~ ~ @ d a @ i D @ 3 0 @ 9 @ @ 0 e a 0 0 ~ ~ ~ 9 0  

@ - - . - - - --- - .. ,. - - . I I I I -  \ I  I . ?  > ---7,-7-9 0 _ _  A_-- -+ -- 
I a Tipton, Charles, il. , James Stanley L . ,  Mersner, Wolfgang and Tcheng, Tse-Kia 0 ' Influence of Exrrclie on Strzngth of Medial Collateral  Knee Ligawnts of Dogs e 

- Am. J ,  of F n y s ~ o l . ,  Vol. 218, ( 4 0 .  3, 1970. pp.  894-901 0 
-. I @  - :- 
- 1.- ABSTRACT: St rengn rreasures were recorded from i n t a c t  and repaired ligaments 

a obta~ned froa aniin~ls a s s l ~ n e d  to groups designated as nontrained or  controls ,  - 1 - t ra ined,  inrn'bilized, sham operated, repaired,  reattached,  and cod ina t ions  
3 '  thereof.  Tlie experimental period for most groups was 6 weeks. The strength re- - 8 

su l t s  from t i l e  at i sa ls  with in tac t  ligaments snored tha t  the most inactive anl- - 0 
- mals ( l e g  1mm~i;i i~zed) nad  the lowest values whereas the m s t  ac t ive  animals C 

@ :- ( t ra ined)  nad t h e  .I ?hest values. This same trend occurred with the animals w i t h  e 1 - - 
i 

t h 2  repal red l lgarents b u t  the1 r absolute strength measures were markealy lower. 
: Htdroxy~rollne concentrations of in t ac t  i i gamnts  from t ra ined,  nontrained, and - -  , immooilized dogs ~~lowed that  the aniliisls in the t ra ined group had s ign i f i can t ly  - 8 

hi g~ier ~ 0 1 1  ageti conten ti than ttie anlmals from the o ther  groups. Histologi col C) 
masuremena of  f ibe r  bundles demonrtrated that  the trained group had the lar -  - @ i0 - gest diameters and that  the immobilized group had the smallest  d i amte r s .  Other a than the fac t  that  increased periods of tension were experienced by the ligaments / - fne meinan~im(s) respooslble for  these changes are  obscure. - -- 
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L- Q O Tipton, C .  :4.. Schi ld ,  R .  J . ,  and Tomanek, R .  J .  

- e f3 Influence of P , ~ y s ~ c ? l  Act; v l t j  01- the S t reng t l~  of dnee L ~ g a w n t s  in Rats 
6 j 8 - Am. J .  Physiol. '!ol. 212, 1 0 .  4 ,  op. 783-787, 1967 

9 - 
A I S T U C T :  The re l a i ionsh i j  uetrreen pliysical a c t i v i t y  and tile strengtii of the 
redid1 C O ~  l a i e ra i  1 i g a n ~ n t  i a s  investigated with normal and hypophysecton!zed 
ra ts .  Animals were assigned to  groups designated as controls ,  s ing le  exerc ise  
period, repeated exercise periods [ t r a i n e d ) ,  trained-detrained,  immobiiized, 
tenectomized, hjpophysectomized-trained, and h y p o p h j s e c t o m i z e d - t r a i n e d  ~ l u s  
Srowtn horrmne. Results Llere expressed in  uni ts  of separation force (SF) ,  i e p a -  
ration force-io-body weight r a t i o  (SFR), and centimeters of ifgamentcus e l m -  
gation. Tile findings indi caled that  a s i n g l e  exercise bout had no appreciable 

. ' influence on S F  r e s u l t s ,  but tha t  repeated periods of exerc ise  wi l l  s :qni f icant iy  
strengtilen the knee ligaments. The same tendency prevailed with the  detrained 

. 
group. Ligaments from tenectornized and imobiiized animals had S F  values lower 
than t h e i r  controls ;  however, only the l a t t e r  f inding h i d  s t a t i s t i c a l  significance. . .  
Force-elongation curves snowed that  the n o r ~ a l  t ra ined aniaais  had more elc!i- 
gation a t  a ~ i v e n  force than nontrained animals. i t  was postulated t h a t  the 
changes associated with t r a in ing  were occurring a t  the attachment s i t e  between 

. ~. tne ligament and the bone. 

- 
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Ti pton, Char1 es M., Tcheng , Tse-Kia and Mergner, Wo1 fgang 
3 e 

- Ligamentous Strength Measurements from Hypophysectomized Rats 
6 

-5 Am. J r .  of Physiology, Vo1.221, No.4, 1144-1150, Oct. 1971 -- - -- Q 

a - Abstract: Medi a1 co l l a t e ra l  knee 1 igamentous s t r eng th  nieasures were obtained 
- ig 

from hypophysectomized (n = 342) r a t s  assigned to  various (21)  experimental 
3 

- groups concerned with the influence of physical a c t i v i t y ,  surgica l  r e p a i r ,  and/or - 2 ' exogenous hormones. Results indicated t h a t  increased a c t i v i t y  ( t r a i n i n g )  wi l l  3 

- -- increase the  s t rength  of i n t a c t  o r  repaired prepara t ions ,  whereas i n a c t i v i t ~  - - -  
0 - ( i m o b i l i z a t i o n )  with o r  without surgical  r epa i r  wi l l  decrease t h i s  measure. For 0 

111 groups, the  lowest s t rength  values were obtained from animals with repai red  
and immobilized ligaments. Daily in j ec t ions  f o r  6 weeks of e i t h e r  IcSH,TSH, o r  

t" 

t e s t ~ s t e r o n e  were associ ated wi t h  i t ronger 1 i  gaments in the  i n t a c t  prepara t icns .  
a 

IcSH and tes tos terone a lso  enhanced the s t rength  measures from repai red  ilganlenis 
whereas ACTH,TSH, orthyroxine in j ec t ions  were associated with weaker 1 igamenrs. 

3 - Supr i r ingly ,  the influence of GH was a ~ p a r e n t  only i n  t he  hiSto1olica1 measure- 
t 

) . merits. When the thickness of the f i b e r  bundles was recorded, the  repaired alld 
3 

the imnobil ized 1 igaments had the  lowest values.  Force-elongation resui  t s  f o r  in- 
i? 

1 @ t a c t  and repaired preparations were evaluated,  and marved e ~ o n g a t i o n ~ d t t e r n  were 
n 

( observed fo r  the imobi  1 i zed, reoai r i d ,  and the  repai  red-pi U S  -ACTH groups. I t  ivis 
9 

/ conclcuded tha t  mechanical s t r e s s e s  can a c t  independently o f  p i t u i t a r y  influence 
1 t o  modify l~gamentous s t r eng th .  - .  

0 

a 8 

1. 
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Anal i s i  g r a f i c a  dei  l a  veccanica to rac i ca  durante  r e s p i r a z f o n e  c o n t r o l l a t a  
C l  i n l c a  Ch i ru rg i ca  d e l l  'Un lvers i  t a  d i  Mi lano 
P i  nerva Anestes lo log lca  ,pp557-59,1965 
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- TOWNSEND, M.A. -; h a 
i - A Re la t i onsh ip  between Muscle Performance when Producing and Absorbing Work 

J .  Biomechanics, 6 : 3 ,  261-266, 1973 - --- :I- 
0 : -i- 

2 . Abst rac t :  A r e l a t i o n s h i p  between muscle e f f i c i e n c y  when produc ing work and 
: a 

I energy expend i tu re  c h a r a c t e r i s t i c s  when con t rac ted  muscle i s  s t r e t c h e d  by  an - - ! 
; exte rna l  load (negat ive  work) i s  develooed based upon the  energ ies  i n v o l v e d  i n  =. * 

these a c t i v i t i e s .  By cons ider ing  t h e  system performance i n  i t s  normal and . 8 
energ ized reverse ope ra t i on  (negat ive  work) modes, a  t h e o r e t i c a l  maximum muscle a 
e f f i c i e n c y  o f  50 per  cent i s  i n d i c a t e d .  The e x ~ e r i r n e n t a l  r e s u l t s  o f  A.V. H i l l  C and o the rs  a re  used i n  gu id ing  t h e  development. A  genera l  approach i s  used. . - 

:- 1 . 1 :. . - :- a 
' 

1 .  - - 
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! 
i r o l 1 o p e  , M . L . ,  9.1 . S t a l n a k e r  ,Mc Elhaney, J . H .  & F rey  ,C. (r 

- 1 - I n j u r y  T o l e r a n c e  Leve ls  i n  b l u n t  Abdominal Trauma - 8 / @ .  - prOC. l n t e r n a t l o n a 1  Conference on t h e  B i o k i n e t i c s  o f  impacts Am~terdamgJun 26-2'3 @ -- - 

1973 
' @  

- 9 

I : There is a p o s i t i v e  c o r r e l a t i o n  between t h e  degree of abdominal i n j u r y  produced @ 

3 in b l u n t  abdominal trauma and t h e  f o r c e ,  sur face a rea ,  an imal  mass and duration 8 

, O f  jmDaCt i n  
a n d  t h r e e  spec ies  of p r i m a t e s .  On ly  a  sma l l  p e r c e n t  of t h e  0 

a p p l i e d  to t h e  abdomen o f  an exper imenta l  an imal  i n  these  exper iments ,  
and 

r. : . presuTab,y to a  human i n  an auto a c c i d e n t ,  i s  a c t u a l l y  t r a n s m i t t e d  d i r e c t l y  Q 
i the iver. ;;hen t h e  . loca t ion  o f  impact  a ~ d  t h e  mass o f  t h e  SubJect a r e  taken  

- account, a  comcos i te  func t ion ,ESI  Log f t L / m  a, r e l a t e s  w e l l  t o  t h e  degree 
i n -  0 

I jury i n  an 1 r p a c t . T h i s  fo rmu la  m i g h t  be expec ted  t o  a p p l y  t o  man f o r  CP 

- the following reasons:  1  ) t h e  v i s c e r a l  we igh ts  of t h e  P l 9 s  approx imate  those Of  - a, 
man, 2 )  t h e  o t h e r  species s t u d i e d  were p r imates ,  and 2 )  t h e  mass o f  t h e  subject @ - 3 - was t a k e n  i n t o  account  i n  t h e  formula.  
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- Truong, X .  T . ,  l l a l k e r ,  S. M, and : / a l l ,  B ,  J, " @ -- 
Tne Use o f  v e l o c i t y  O f  t i a s t i c  \laves i n  t h e  D e t e r m i n a t i o n  o f  E l a s t i c  constants ' 4B 

- i n  Frog Cluscle 
- The P ~ i y s i o l o g i s t ,  Vol. 6 p. 289, 1963 

= @ - 
:- @ -- 

' ABSTRACT: Measurerrents o f  ve10Ci ty  o f  p r o p a g a t i o n  o f  e l a s t i c  waves were used Z 6 

-4 t o  s t u d y  t o e  e l a s t i c l t ~  o f  l e g  ~ T ~ u s c ~ ~ s  i n  t i l e  f r o g  under v a r i o u s  o f  
- 8 

-: s t r e t c h  and c o n t r a c t i o n .  The i s o l a t e d  muscle was mounted 0" an i s o m t r j  myo- . @ graPll t o  a110~ l  r e c o r d i n g  o f  r e s t i n g  and 1 s o m t r j c  t e n s i o n s .  A,, electro- - -< 8 ; dynamic t r a n s d u c e r  has used t o  produce low frequency mechanica l  at one c f end o f  tne muscle and a  p i e 2 0 e l e c t r i c  t r a n s d u c e r  was used to p i c k  up the propa- 9 gated  e l e c t r i c  waves a t  tile Ot l l e r  end. Bat11 s e n d i n g  and r e c e i v i n g  signals were . - d i s p l a y e d  on a  d o u u l e - ~ e a m  o s c i i i o s c o p e  and t h e  t r a v e l i n g  t-m m a s u r e d ,  
. merits were made i n  tile r e s t i n g  and c o n t r a c t i n g  s t a t e s  a t  various muscle lengths - 9 - from 80% t o  130 2 o f  r e s t i n g  l e n g t ~ l .  Tile i i l l e a r  l o n g i t u d i n a l  modul i  o f  elastici ty - 

were from t n e  v e l o c l  t y  equa t ion .  Comparison r r i t h  c o n s t a n t s  der ived - . 
from t h e  leng t r l -  t e n s i o n  da ta  silowed good carrel a t ,  ens, 
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0 : Vi sco-Elastic @rooaqation of Longitudinal Waves in Skeletal Muscle l i J .  Biomechanics, j::, 1-10, 1972 l 
a 

Abstract: A method for obtaining the relaxation spectrum of i so la ted  frog 
l 

' - ske le t a l  muscle from measurements of pnase velocity and attenuation of longi-  
- t ud i l a l  waves, was d e n  ved from conventional 1 inear tneory of v isco-e las t ic  . @ 

1 wave propagation. The experimental method fo r  measuri:lg wave velocity and l 

] l attenuation i s  described. An approximation method fo r  obtaining the relaxation 
spectrum frca  f,a\/e veioci ty alone was developed from theore t ica l  considerations . 

1 l Experimental resul ts  iron 00th the conventional and the approximation methods 
0 

are  presented and compared. Wave propagation measurements appeared to be of value 
8 

/ . in visco-elasti: s tudies of skeletal  muscle, especially when the  use of o ther  0 

1 0-- 1 t r ad i t iona l  methods i s  not p rac t i ca l .  - 3 .- 
- -. 
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8 ' e . TUCKEP, William K . ,  Janicki , Joseph S . ,  Plowman, Fred and Pa te l ,  Dali J .  f - 0 I 0 A Device t o  Test Mechanical Properties of Tissues and Transducers 
J .  J I I P ? .  Physiol . 26(5) : 656-658, 1969. - l 

- c - Abstract: C device designed t o  determine the dynamic mechanicalproperties of 
- t i s sues  and various transducers i s  described. Elas t ic  properties of polyurethane, O > : Hevez rubber, and descending thoracic aorta were evaluated using t h i s  device. 

-- l . Results agreed with 6b w ~ t h  those obtained independently using other methods. 
0 

mechanics: impedance; dynamic e l  a s t i  c modulus -. -- 
l = ; . 
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I :urgeon, Robert and !debb, J . A .  8 

\ 1 Growth I n h i b i t i o n  by Mechanical S t r e s s  - o I _ science 174:961-2, 26 Nov.71 ,=-I e 
- a 
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Qe I TURNER,  James M . ,  Mead, J e r e  and Wohl , Mary El 1 en #- 

- E l a s t i c i t y  of Human Lungs i n  Relation to Age \ 
. J .  Appl . Phyriol . 25 (6 ) ,  664-571, 1968 ._ : (b 

' 0 
-*- -- - 
I r  Abstract:  We re inves t iga ted  the  re1 a t i o n s h i p  between age and 1 ung e l a s t i c i t y  - -  with an improved technique f o r  measuring esophageal pressure  and found reduct-  8 - ions of s t a t i c  r eco i l  pressures  throughout the  age range of 20 - 60 yea r s .  We - 8 

-- - also  found an increase  in  funct ional  res idual  capac i ty / to t a l  lung caoac i ty  . 
• - ( F R C I T L C )  r a t i o  with inc reas ing  age ,  which we bel ieve  can be accounted f o r  - - 

almost e n t i r e l y  by the  changes in  lung e l a s t i c i t y .  We d i scuss  the  p o s s i b i l i t y  0 - t ha t  t he  changes in  lung e l a s t i c i t y  a r e  pr imar i ly  t h e  r e s u l t  of  a l t e r a t i o n s  6 
-I in the  contr ibut ion of e l a s t i n  t o  t h e  overa l l  volume-pressure behavior of lungs .  - e a - -  - :. * 1 . - - pulmonary mechanics ; s t a t i c  r eco i l  of  lungs;  vol ume-pressure behavior of 1 ungs ; * 

3 '! aging 
:. a - - 
: a  - 
- a - .- 

a - l i  - : 1 a m 
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U l r i c k ,  William C .  

, 0 .. C n a r a c t e r i s t i c  f o r c e - v e l o c i t y  e q u a t i o n  o f  r a t  h e a r t  muscle.  - Am. J .  P h y s i o l . ,  Vol. 206, i io. 6 b  pp. 1285-1290, 1964 
'' 

' @ - PaSTRACT: S n o r t e n i n g  velocities were measured f o r  i n  v i t r o  r a t  l e f t  v e n t r i c u l a r  
@ t r a b e c j l a e  csrneae o r e o a r a t i o n s  s t i m u l a t e d  t o  c o n t r a c t  i s o t o n i c a l l y  w i t h  d i f f e r -  a 

1 - -  e n t  loads ,  and a t  t a r p e r a t u r e s  f r o m  20 C t o  35 C. The d a t a  o b t a i n e d  i re re  used - 

- t o  d e r i v e  the  heat  o f  s n o r t e n l n g  cons tan t ,  a, t h e  v e l o c i t y  const:nt, b ,  and t h e  
0 

l iaximuin i s o m t r i c  t e t a m c  t e n n o n  term, Po, o f  t h e  c h a r a c r e r ~ s t ~  c  f o r c e - v e l o c i t y  
f .  

' e q u a t i o r .  Tne jti.iC/ i ~ ~ a u r e d  t h a t  t n e  d e r i v e d  c o n s t a n t s  a  and ? s t a t i s t i c a l l y  - i3 ' ! d i d  n o t  vary w l t n  t e n q c r a t u r e ,  b u t  t h a t  t h e  v e i o c i t y  c o n s t a n t  Ob i n c r e a s e d  l i n e a r -  3 

i y a s t e m p e r a t u r ~ n c r e a s e u .  D i f f e r e n ~ e s b e t w e e n c a r d i a c a n d s k e l e t a l m u s c l e  - - 0 
1 - a r e  d iscussea.  
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VAISHWAV, Pamesh ? I .  , Young, John T. J a n i c k i  , Joseph S. and Pate1 , D a l i  J. 0 
Nonl i n e a r  F n i  i o t r o p i c  E l a s t i c  P r o p e r t i e s  o f  t h e  Canine A o r t a  0 

' * B i o p h y s i c a l  Journa l  Vo1 . l 2 ,  1008-1027, 1972 ; O 4  !. 1 . . - - 
, -. 0 . A b s t r a c t :  A n o n l i n e a r  t h e o r y  o f  l a r g e  e l a s t i c  d e f o r m a t i o n s  o f  t h e  a o r t i c  t i s s u e  7 has  been developed.  The w a l l  t i s s u e  has been c o n s i d e r e d  t o  be i n c o m p r e s s i b l e  and .-, - 

c u r v i i  i n e a r !  y  o r t h c t r o o i c .  The s t r a i n  energy  d e n s i t y  f u n c t i o n  f o r  t h e  t i s s u e  
- i s  e x ~ r e i s e d  as a  ~ c l y n o m i a l  i n  t h e  C i r c u m f e r e n t i a l  and l o n g i t u d i n a l  Green-St.  ! - 

Yenani s t r a i n s .  i i n i  t i n g  a p p l i c a t i o n  t o  s t a t e s  o f  s t r a i n s  w h e r e i n  t h e  g e o m e t r i c  - By-T - - axes a r e  t h e  p r i n c i ~ a l  axes and t r u n c a t i n g  t h e  e n e r g y  e x p r e s s i o n  t o  i n c l u d e  
' @ - terms w i t h  h i g h e s t  degrees 2 , 3 ,  and 4, t h r e e  e x ~ r e s s i o n s  w i t h  3, 7, and 12 

t o ~ ~ t i t u t i v e  c o n i t z n t s  a r e  o b t a i n e d .  R e s u l t s  o f  a p p l  i c a t i o n  o f  t h e s e  e x p r e s s i o n s  '. 

i I t o  d z t a  from t h r e e  s e r i e s  o f  i n  v i t r o  and i n  v i v o  exper iments  i n v o l v i n g  31 dogs 1, have been presented .  Idhereas a l l  t h e  t h r e e  e x p r e s s i o n s  a r e  f o u n d  t o  b e  a p p l i c a b l e  I e 
3 .:' 

t o  v a r i o u s  degrees,  t h e  t h i r d - d e g r e e  e x p r e s s i o n  f o r  t h e  s t r a i n  energy  d e n s i t y  
. 

. f u n c t i o n  w i  t n  seven c o n s t i t u t i v e  cgns t a n t s  i s  p a r t i c u l a r l y  r e c o m e n d e d  f o r  
- .  

- - - genera l  use. 
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- Van K i r k ,  D .  J .  and Lange, W .  A .  Ct 

4 D e t a i l e d  I n j u r y  Sca le  f o r  A c c i d e n t  i n v e s t i g a t i o n  
@ 1 2 t h  Stapp Car  Crash Conf. 1968 SAE 680781 8 
0 - A 

I i- 
- A b s t r a c t :  A program o f  i n v e s t i g a t i n g  f r o n t a l  f o r c e  a c c i d e n t s  has been under- I 
- way f o r  a p p r o x i m a t e l y  2 y e a r s  a t  Wayne S t a t e  L ln iv .  I t d i f f e r s  f rom most i n -  Q 

! e  v e s t i g a t i o n s  i n  t h a t  each a c c i d e n t  was analyzed i n  d e t a i l .  Acc iden ts  i n  wh ich  . 

I @  - t h e  cause o f  i n j u r y  c o u l d  n o t  be a c c u r a t e l y  a s c e r t a i n e d  were e l i m i n a t e d .  T h u s ,  - d: 

:>-r 
a  l i m i t e d  n u m e r  of cases were i r l v e s t i g a t e d  i n  d e t a i l  r a t h e r  t h a n  depending on 
s t a t i s t i c s  f r o m  a l a r q e  number o f  a c c i d e n t s .  0 

A s e r i e s  o f  cases a r e  p resen ted  w i t h  t h e  i n j u r y  r a t i n g  q u a n t i t a t i v e l y  
0 

c o r r e l a t e d  wi t b  v e h i c l e  i n t e r i o r  and e x t e r i o r  d e f o r m a t i o n  up t o  2 i n .  w i t h  O 

b r u i s e s  cn  t h e  c h e s t  t o  f a t a l  cases where t he  whole s t e e r i n g  assembly and r i m  I- n 
a r e  g r o s s l y  deformed. . -  C -- 
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VERDOUW, P.D. 0 

i Mechanica l  P i -oper t ies  o f  a r t e r i e s .  : (I. 

1 Physics Lab.,  U n i v .  o f  U t r e c h t  I n t .  Rep. No. V .  1649, 1961 Q 
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10 Veronda, D. R. and destmann, R. A.  
Mechanica l  C h a r a c t e r i z a t i o n  o f  S k i n  - F i n i t e  Deformat ions 

1 - J o u r n a l  o f  Biornecnanics, Vol. 3, No. I., pp. 111-124, 1970 . - - -- 4 -- 31 
A b s t r a c t :  The necnan ica l  c h a r a c t e r i z a t i o n  o f  s k i n  tissue is examined 
e m ? l o ~ l n g  t ~ e  principles of f i n i t e  e l a s t i c i t y .  A s t r a i n  energy o r  work 

- 0 
-- 

f u n c t i o n  i s  employed t o  develop t ime independent  s t r e s s - s t r a i n  r e 1  a t i o n s  
- v a l i d  f o r  l a r g e  deformarlons. Resu l t s  from u n i a x j a l  t e s t s  on c a t  s k i n  - -  t3 

- -  a r e  presented.  iornparl  no t h e  e x p e r i m e n t a l l y  de te rmined  fo rce-ex tens ion  . C 
3 curves  w i t h  tna a n a l y t i c a l  s t r e s s - s t r a i n  r e l a t i o n s  p e r n i t s  t h e  de te rmina t ion  . -  

o f  s u i t a b l e  s t r a i n  energy func t ions .  1 .  -- 
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I / - iej+-h ,"a" iJ , t lagst romyJaci  V.I., Lehl ien,Sandra L. K a r l  yRichard and 

1 

~ e y s i  ne ,Maxino 
z , ~ ~ ~ ~ d ~ ~ a m j c ,  and Anatomic Changes i n  I s o l a t e d  per fused Dog Lungs: lhe -- - -- o 

, -- ~ m ~ o r t a n c e  of Per fusa te  C h a r a c t e r i s t i c s  3 ,  . 
- Ann.Surg. 165: 267-27897967. 
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, Verzar ,  F. @ 
0 Aging o f  t h e  c o l l a g e n  f i b e r  - -- I a I n t .  Rev. o f  Conn. T issue  Res. 2, 1964 : 

6 
A b s t r a c t :  (Summary) A t  p r e s e n t  t h e  b e s t  founded t h e o r y  f o r  t h e  a g i n g  o f  c o l l a g e n  i - seems t o  b e  t h a t  i n  t h e  s t a b l e  ahd n o n m e t a b o l i z i n g  mature c o l l a g e n  macromolecule 
t h e  number o f  hydrogen bonds i n c r e a s e s  p o s s i b l y  t h r o u g h  p 9 y s i c a l  f a c t o r s  e > - a s s o c i a t e d  w i t h  t h e  Brownian m o l e c u l a r  movement. I n  a d d i t i o n  substances may Q 

I ! e x i s t  w h i c h  speed up t h e  process o f  a g i n g  by i n c r e a s i n g  t n e  c r o s s - l i n k i n g ,  i' 
; perhaps by  t h e  f o r m a t i o n  o f  e s t e r  c r o s s - l i n k s .  These m i g h t  be e i t h e r  a f  i n t r i n -  - s i c  m e t a b o l i c  o r i g i n  o r  e x t r i n s i c  f a c t o r s .  

Q 

- Presen t  r e s e a r c h  i s  aimed a t  d e t e r m i n i n g  whether  such f a c t o r s ,  i n  a d d i t i o n  t o  - - 0 
I - i n c r e a s i n g  t h e  v e l o c i t y  of ag ing ,  a r e  a l s o  r e s p o n s i b l e  f o r  t h e  c o l l a g e n  d iseases  > : o f  o l d  age. I t i s  s i m i l a r l y  o f  impor tance  t o  d e c i d e  whether  f a c t o r s  e x i s t  wh ich  @ 

may l e a d  n o t  t o  c r o s s - l i n k i n g ,  b u t  t o  d i s s o l u t i o n  o f  t h e  c o l l a g e n  macromolecule.  
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/ An Apparatus f o r  t h e  Measurement o f  Small Tensions - e 
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@ Yiidik, A .  a n d  R .  Ekholm 
-:. Light and Electron M~croscopic Studies of Coll agen Fibers under Strain 1 Ze i t schr i f t  fu r  Anatomie u n  Eotwicklungsgeschichte 127 ,  154-164, 1968 

. - 
Abstract: The correlation of the mechanical properties and the morphological be- - 
haviour of coll ageno~s t issue during s t r a in  was investigated. Re1 axed and strained 
tendons were exami nea by incidental and transmitted polarized 1 i  g h t  microscopy ,- 
and electron microscooy. I t  was concluded tna t  the wavy pattern seen a t  the semi- - *  

microscopic level of the collagen f ibers  vanished a t  re la t ive ly  low loads. The 
- 0 

direction of birefringence in  transmitted l i g h t  microscopy varied in  the relaxed 
O 

preparations but  became even in  the s t rained.  The electron microscopy showed 
t h a t  the f i b r i l s  had the same periodis i ty  as calculated from X-ray d i f f rac t ion  

- 

patterns of r o i s t  coll agen, i  . e .  680 R ,  and tha t  s t ra in ing  increased the period - - -  
lengths of soma f i b r i l s .  The correlation of these findings to  a  mechanical analogy 
of the tissue was discussed. 

1 a - 
- a 

key words: collagen - -  Connective t i s sue  -- Electron microscopy -- Polarization 
- 

microscopy -- tendons 
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V i i d i k ,  A .  sirnu, taneous Mechanical and L i g h t  Microscopic Studies of C0l lagen F ibers  
Z.Anat .Entwickl  .Gesch, 136q.204-212,1972 

Abst rac t :  An apoaratus t h a t  enables i i m u l  taneous s t r e s s - s t r a i n  r e c o r d i n g  and 
morpho1ogical observat ion  i n  i n c i d e n t a l  1 i g h t  microscopy o f  a specimen su r face  
du r i ng  t e n s i l e  l oad inq  i s  repor ted and v a r i a t i o n s  between behav ior  d u r i n g  the  
f i r s t  t e r i s i l e  l oad ing  cyc le  and those i n  t he  s teady-s ta te  cyc les  (when t h e  
p l a s t i c i t y  and i r r e v e r s i b l e  v i s c o s i t y  are  exhausted) are  descr ibed. I t  i s  
found t h a t  the  t o e 1 '  p a r t  o f  t he  s t r e s s - s t r a i n  curve i s  l onge r  f rom a morpholo- 
g i c a l  p o i n t  o f  view than can be mechanical ly measured, which means t h a t  the  
waviness of t h e  col lagenous bunales i s  diminished be fo re  any measurable l o a d  i s  
app l i ed .  The steady s t a t e  means an even l onge r  such " toe '  p a r t  and a b e t t e r  
p a r a l l e l  arrangement o f  the  f l b e r s  but  the  waviness i n  t h e  re laxed  specimen 
cannot be d i s tu rbed  by repeated load ings.  The f u n c t l o ~ a l  range of  a tendon i s  
a lso  discussed as are  the  phenomenon o f  sp ra in ing  and the  p o s s i b i l i t y  o f  p re-  
s t ress .  key words : Biomechanics--Coi lagen--Connective ti$ sue--Pol a r i  z i  ng micro-  
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Vi idik,A. 
- Tens i l e  St rength  Proper t ies  of  A c h i l l e s  Tendon Systems i n  T ra ined  and - .  

0 -, Untrained Rabbits 
: A c t a  orthop. Scandinav. 40, 261-272, 1969. 

-1- 
0 -: -- 

Abstract: 19 rabb i t s  were t r a i n e d  i n  a runn ing machine, w h i l e  17 r a b b i t s  o f  the 
- s a w  s tock  served as con t ro l s .  A t  the end o f  the  t r a i n i n g  p e r i o d  o f  40 weeks 

0 -: the ca l  caneus-Achi 1 l e t  tendon-gastrocnemi us muscle-femur s y s t e m  were t e s t e d  - 
regard ing t h e i r  t e n s i l e  s t reng th .  The shapes of  the  load-deformat ion  curves _ were inspected and the fo l l ow ing  parameters c a l c u l a t e d  f o r  t he  tendon u n t i l  
f a i l u r e  a t  the system's weakest p o i n t :  ( 7 )  the  s lope o f  t he  l i n e a r  p o r t i o n  o f  

- the load-deformat ion curve, ( 2 )  the fa1 l u r e  energy, (3)  the  maximum load,  ( 4 )  the 
e longa t i on  a t  the maximum load, ( 5 )  the p o i n t  o f  l oad  where the l i n e a r  p a r t  o f  
t he  load-deformat ion curve ends, The f a i l u r e  s i t e  was a l s o  r e c ~ r d e d .  

- - I t  was concluded t n d t  the s lope tended t o  becorre s teepe r  w i t h  t r a i n i n g  
b u t  t h a t  no o ther  parameters were a l t e red .  The f a i l u r e  s i t e  proved t o  be the 
i n s e r t i o n  o f  the A c t l ~ l i e s  tendon i n t o  the calcaneus. I t  was concluded t h a t  ' 
studies  on the pt-ooert ies o f  i s o l a t e d  tendons were needed t o  a s c e r t a i n  -- I a whether tendons change t n e i r  mechanical p r o p e r t i e s  i n  response t o  t r a i n i n g  o r  not. 

' e  



Viidik ,  A ,  and 3 a g i ,  11. 
'iisco-El a s t i c  b o c e r t i e s  of Ligaments 
7th I n t .  Conf. on medical and Biological Engng., Stockholm, 38-4, 1967 

Abst rac t :  Mecnanical s t r e s s e s  i n  t h e  human body a r e  mainly r e s i s t e d  by t h e  
collagen f i b r e s  in  b o t h  c a l c i f i e d  and s o f t  connective t i s s u e .  The well-defined 
collagen i ' b re  s y s t e ~  i n  the  a n t e r i o r  c r u c i a t e  ligament of t h e  knee j o i n t  i s  
well s u i t e d  f c r  studylng the physical p rope r t i e s  of these  f i b r e s .  A mechanical 
rmdel prooosea s a t i s f i e d  t h ?  e l  a s t i c  and rheological  behavior of 1 igaments,  when 
tne s p e c i m 2 ~ s  are  taken f ro7 z group of animals of t h e  same age and i n  t h e  
same s t a t e  of t r a i q l ~ g .  If  the  connective elements in t h e  model ( e l a s t i c - s p r i n g  
o r  viscus-das'ioot) a re  a1 tered  i t  might correspond t o  t h e  mechanical behavior 
of co l l  agenous t i s s u e  in d i f f e r e n t  ages and funct ional  s t a t e s .  

- - -  -1-& ----A -I-----------, -._ 
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V ITO,  Raymond : 0 --- i @ A Note an A~:er;al E l a s t i c i t y  2 .  

1; 1 I J .  Bicmechanics, 6 : 5 ,  561-564, 1973 r 
cr_, 2 -  @ 

*L Abstract:  In t h i s  note,  an exponential f o r m  f o r  t h e  s t r a i n  energy func t ion  :. 0 charac te r i z l ?g  a r t e r 7 a l  e l a s t i c i t y  i s  suggested .  The t h r e e  parameter funct ion 
used reduces.  f o r  small extens ions ,  t o  t h a t  proposed by Mooney f o r  vulcanized - 

- rubber. I t  1 s  shown t h a t  the  assumed func t ion  gives  good agreement wi th  - e e - experiments1 d a t a  f o r  the  case of simple e longat ion of  dog a o r t a e .  
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l e  0 
@ - VL4SBLO?*I, C. C .  

- S k i n  E l a s t i c i t y  I n  V i vo  Measurement a t  Smal l  De fo rma t i ons  - 0 ! ' 7 t h  i n t .  Conf. on Med ica l  and B i o l o g i c a l  Engng.. S tockho lm.  2 7 - 2 ,  1957 - -  0 
l e  - c 
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0 - A b s t r a c t :  A q u a n t i t a t i v e  i n v e s t i g a t i o n  o f  t h e  e l a s t i c  p r o p e r t i e s  o f  human s k i n  (D. 

i s  d e s i r e d  because o f  i t s  ~ m p o r t a n c e  i n  de rma to logy  and p l a s t i c  s u r g e r y ,  A @ 
t o r s i o n a l  me thod  was used t o  i n v e s t 1  g a t e  s k i n  e l a s t i c i t y  under  p h y s i o l o g i c a l  0 
c o n d i t i o n s  and workea q u i t e  we1 1 .  Measurements can  be made on i n t a c t  1  i v l n g  .' s k i n  and l e a d  t o  r e p r o d u c i  b1 e  r e s u i  t s  . c 
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( O- , a ,  Sie rke ,  i a l i n ~ n a  E. o 
21 odynaml c  Yodels arid The1 r Pppl i cat ions 8 
The Journal  o f  toe Acous t i ca l  Soc ie ty  o f  America, Vol. 50, No. 6, pp 1397-1413 - -  8 

i 971 :- . -- 
- -  - ABSTRACT Progress if, model ing the mechanical response o f  man exposed t o  va r ious  

env i  r c n m n t a l  forces 1s discussed. S t a r t i n g  w i t h  a  mathematical d e s c r i p t i o n  
- o f  t h e  mechanical arid phys ica l  c n a r a c t e r i s t i c s  o f  t h e  integument, s o f t  and h a r d  .: @ 6 t i s s u e ,  the n u ~ e r o u s  asproaches taken and the r e s u l t s  o b t a i n e d  f rom m o d e l ~ n g  - @ 

v a r ~ o u s  i n t e s r a t e d  elements such as the human v e r t e b r a l  column under v i b r a t i o n  0 

I and impact loads,  tne  chcst  and r e s p i r a t o r y  system under v i b r a t o r y  and b l a s t  - 0 
loads afid o f  the wliol e  tcdy system f o r  se lec ted  fo rce  i n p u t  c o n d i t i o n s  

I and l o c a t i c n i  are reviewed. Genera l ized ( f i  ve-degree and mre) freedom models . 

are b a s t  s u i t e d  t o  understand the  c o r r e l a t i o n  between the models d e r i v e d  t o  - - 8 
understand anatomical and p h y s i o l o g i c a l  mechanical events,  and models used t o  - e 

- e x p l a i n  the var ious i n j u r y  mechanisms under environmental biodynamic loads (impact: 9 
-: b l a s t ,  v i b r a t i o n ,  and no ise ) .  To d e r i v e  a  c a p a b i l i t y  o f  model ing s p e c i f i c  - i n j u r y  mdes  o r  exper imenta l l y  observed p r o b a b i l i t i e s  o f  i n j u r y  curves f o r  var ious-  
1 - - parenchyratous and no l low organs as a  f u n c t i o n  o f  f o r c e  i n p u t  v a r i a b l e s ,  more - - 

--- d e t a i l e d  and s p e c i a l i z e d  models are be ing  used such as, f o r  example, the  t i s s u e  . @ 
behav io r ,  i n e  s t a t u s  and value o f  these models f o r  s t u d y i n g  t h e  body's p h y s i c a l  i- 

- 1  and physiological response, f o r  understanding and p r e d i c t i n g  i n j u r y  mechanisms 0 
9 )?- @ -- , . , -- - - , 7 -  
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-. Van Gierke,  Henning E. 

Biodynamic Models a n d T h e i r A p p l i c a t i 0 n ~  
2 
6 

8 The Journal  o f  the Acous t i ca l  S o c i e t y  o f  A m r i c a ,  Vol. 50, No. 6, pp. 1397-1413, + 

0 :  1971 it 
.-L - .- 

- 
- -  
7 H 

@ - 
ABSTRACT ( cop t in l i ed ) :  and p r o b a b i l i t y  o f  i n j u r y ,  f o r  s c a l i n g  the  r e s u l t s  of - - t. 
anima: experiments, and f o r  a p p l y i n g  the  m d e l s  i n  p r o t e c t i o n  engineer ing,  such - 
as escape and restraint systems design a re  demonstrated. There i s  a  need f o r  

- -- f u r t h e r  e x p e r i r e n t a l  as \re11 as t r ~ e o r e t i  c a l  work i n  suppor t  o f  these p r a c t i c a l  ;:-8 
8 -: ~ i o r n e d i c a l  as w e l l  as hardware requirements. I:,. 4 
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'Jon Gierke, henning E .  Q 
Siodynamic Res3cnse of t i le Human Body . .. 6 
Applied Pechaniis Review, Vol. 17, pp. 351-958, 1964 #:.  a 

-.. , - 
:- 0 . ' 

- A3STRACT:  T~le \.lord ~iodynarnics has evolved as tile unifyins term describing the  @ 
dynamic mecnanical properties of l iv ing systems and the e f f e c t s  of various mechan- c i cai force envi ronments on  these sys tens .  Tne breakdown cf the force envi ronments > - in to  sustained accelera t ion,  ilypoaynamicr, impact, v ibra t ion,  b l a s t ,  acous t i c s ,  0 

i O - e t c . ,  has i t s  j u j t i f i c a t i o n  more in h i s t c r i ca l  reasons, simcrlation techniques and . @ 

1 . pract ica l  resgi  rerwnts than in a basic systematic approach t o  the mechatiisms in- - 6 
i 0  1 volved, i4otviitiistanding obviotis differences with respect t e  problems, techniques g 

- -  used and sollie apparent differences in ~ i o l o g i c a l  reactions t o  the various forms of . a 
' 

mechanical energll, t h i s  paper reports and reviews re su l t s  of recent s tud ies  em- . 

..': phasizincj tile commn background and the physical phenoneKa applying to the whole - -  

8 - . . ,  f i e l d .  The s t a t u s  and value of mathematical models f o r  studyin9 the  body's ' -  Q - 
. response t o  pressure ( inf rasonic  noise ,  b l a s t )  as well as force changes (v ibra-  I % 

--- t i o n ,  impact) are presented and the pract ica l  appiications o f  such models f o r  # 
explaining physiolooical and pathological f indings,  f o r  predi c t ing  the  body's 

. .. 
<- 

: response to  force envi r o n ~ e n t s  not ye t  experienced, fo r  i)rotec:ion engineering - - -  . -.- and biomedical problems in general i s  discussed. - a 
1 0 . -  - I .  Q - . -: Ig 
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- van Gierke, Henning E .  
- Response of the  Body t o  Mechanical Forces--all Overview 

- 8 

' f  Annals of the  New York Academy of Sciences, Vol 152 ,Ar t i c l e  1,172-1 86,28Oct195$ t 
e - -  - 

Abstract: I t  i s  the  purpose of the  paper t o  r e l a t e  the  body's mechanical # 

-I 
response t o  b la s t  t o  the  response t o  other mechanical s t r e s s  environments. The 

3 - mechanical model of the  human body has certainly proved to be extremely valuable 
- f o r  considering the  dynamic e f f e c t s  caused by tne  various environments within 

the  frame of one unifying concept and f o r  explaining t h e  r e l a t ionsh ips  of some 
8 

@ of the physiological phenomena ooserved. There a r e  th ree  p rac t i ca l  appl ica t ions  C 
- of t h i s  model: ( 1 )  Once the va l id i ty  i s  confirmed, i t  allows ca lcu la t ion  of i t s  < 

.< response t o  very complex inout functions by computer t e c h n ~ a u e .  1 2 )  Mode1 con- 8 - cept i s  useful i n  i n t e rp re t ing  and olanning animal experimentation and in  
extrapolatlng human sa fe ty  c r i t e r i a .  ( 3 )  Model provides the  capab i l i ty  t o  

. 
analyze numericaily the mechanical effectiveness and de ta l l ed  mods of  a c t ~ o n  of - 

a protection o r  r e s t r a i n t  systen- coupled w i t h  a b ic loglcal  system. - . - . - . . -- < . - 0 . 1 a - 
1 . 
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, , a l ' r s k j l ,  r a r v e j  r ' -- 2esponse of the 26t A o r t ~ c  Media t o  Hypertension 

-. 
' @ Circula t ion Research, Vol. 26, pp. 507-522, 1970 

- a _=. i a - 1 -  a 
i ABSTMCT: Clinical  and experimeltal s tud ies  indicate  t h a t  hypertension acce le ra t e s  

. the development of a r t e r losc le ros l s .  Morphological and chemical s tudies  of the - 
- distended r a t  thoracic aorta were undertaken to  define the s t r u c t u r a l  and composi- I, i: - 

t ional  a l t e r a t i o r s  of the media which accomoany hypertension and t o  r e l a t e  
I ! . these changes to increases in calculated ~ e d i a l  s t r e s s .  An 8-week period of - 0 

I hypertens ion \/as associated rii th s ign i f i can t ly  g rea te r  diameter,  medi a1 th ickness ,  < 
and cross-sectionai  area of the media of the  thoracic  aor ta  than in normotensive 0 

I c animals. Calculated wall tension was s ~ g n i f i c a n t l y  higher in  hypertensive animals, o 
b u t  the  nuniber of yedial lamellar  uni ts  was not  g rea te r  than t h a t  usual in  normo- g 
tensive animals; t h ~ s  resulted in a s t r i k i n g l y  e levated  value f o r  ca lcula ted  

- - 
- a 

tension per medial l a r p l l a r  uni t  f o r  the aor tas  o f  hypertensive animals. A highly- 
s i g n i f i c a n t  1:war re1 a t lon  was found between t o t a l  tension and cross-sect ional  

- area of the  media of the same segment. In add i t ion ,  the absolute  amounts of both - 
- medial e l a s t l n  and ccrllagen were increased in hypertensive animals; hor:ever, t he  Q 

i percent cf  these e 9 e r e n t s  remained e s s e n t i a l l y  constant ,  i nd ica t ing  l i t t l e  change - 0 
1 - in the comoositlon of a o r t i c  t i s s u e .  Increments in  both f ibrous  orote ins  were 

1 inear ly  re la ted  to increases in ca lcula ted  mural s t r e s s ,  and medial accumula- 
t i o r s  of e l a s t i n  and collagen proceeded a t  s i m i l a r  r a t e s .  These findings demon- , a I - 0 
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1 1 :  8 0 - -  
Wal insky, Harvey : 
Response of  the Rat 4o r t i c  Media to Hypertension ' 0 Circula t ion Research, Vol. 26, pp.  507-522, 1970 - 1. - - : 
AaSTRACT (continued):  s t r a t e  a l i n e a r  r e l a t i o n  amng vessel dinensions and -- amounts of medial e l a s t i n  and collagen and ca lcula ted  wall tens ion I @ i  @ - - i- i . -i 

- -- 
: structure-function re la t ions  e l a s t i n  collagen smooth muscle vascular -< - -- disease cross-sectional  wall area 
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1 1 1  VlvO-- i ! ,  n e ~ a x a t , ~ ~  ~e~~~~~~ 
J -  of Bjomechanics, 5 : 6 ,  571-580, 1912 
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- : e -- 9bstraCt :  I n  a recent exper'ment 

f o r  determining the mechanical response of  bra,n . -- in vivO1 a Orobe l  inserted 
scalp,  s k u l l  and dura, is i n  - 0 
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: Mang, thou and Winenan, Alan S -  

A Mathematical 
~ ~ d ~ l  f o r  t h e   ternin in at ion of Viscoelastic Behavior of Brain 1 . 0  

3 g 
in v,vo--~ ~ r c i l l a t o r ~  Response -- 

I- 3 ,  ~ i o n e c h a n i c s  , 55 431-4463 1972 5 4 

a recent exper iment f o r  d e t e r n i n i n g  the  mechanical 
Of  

- " 
0 

- in viyo, a probe, inser ted through sca lp ,  Sku11 and dural js 
brain,  g iven a prescr ibed mot ion,  and the time 0 

- With and 
force i s  measured, I n  t h e  ~0 r reSpond i f i g  

< 

• mdel, brain 
as a l i n e a r  i s o t r o o i c  v iscoe1ast iC r 

a i t  t h e  
sur face,  the  shear stress and 0 

nent vanlrh everywhere except 
under the  probe which exerts a local dis- 

! 
Q 

placement, 
model introduces e f f ec t i ve  vjsccelastic '' shear' which 

is Udnown, and in d i l a t i o n ,  
i s  considered known f rom Other 

Part I 

I of this considers steady 
osc111atiOnS o f  t he  probe. A equ- - a 

L ation for t h e  complex shear ~ o d u l ~ s  1s established ln terms probe - @ 
and force ampi i f ude  r a t i o  and phase l a g  and is specific - 8 

1 test da ta#  
i h e  correspondiog s t r e s s  and displacement fie'ds are e 

1 . t h a t  the  probe i n i ~  uence may be assessed. Q 

1. 
I 8  

8 



WATERS, R .  L. and MORRIS, J .  M -  
1 @ 

A~ i n  V i t r o  study of Nornal  a r d  S C O ~ ~ O ~ ~ C  In te rsp inous  Ligaments 
- e 

1 - J .  B(omec.hanics, 6:4,343-348, 1973 0 
\ -1- The Eechanjcal  p r o p e r t i e s  o f  specimens of s p i n a l  l i g a m e " ~  from 16 

- 

Abs t rac t :  patients M i t b  j,j,oDath,c ~ c o 1 1 o s j s  and 10 p a t i e n t s  w i t h  S C O ~ ~ O ~ ~ S  r e s u l t i n g  frorn Q I ' i c o n n e c t ~ ; e - ~ i i u e  cjjsezse O r  anomaly were compared s t r e s s  Was deternl jned e l t h  

e 

an I n s t r o o  Tes t o r  apd s t r a ~ n  w i t h  a  n lod i f i ed  I ns t rOn  extensometer-  
S t r e s s - s t r a l n  

- ad derienta?e; of  s t r e s s  r e i a x a t i d n  were c a l c u l a t e d  I t  has found that 

% t he  mechanICal p r w e r t l e ;  t he  two 
s of  specimens were e s ~ e n t i a l ' ~  

s i n i l a r :  The e l a s t i c  r o d ~ i i  were 129 i4/4 and 113 ~/rn', and t h e  percentages 

0 

.3 
: of s t r e s s  r e l a x a t i o n  ve re  5 and 4 ,  r e s ~ e c t i v e 1 Y ~  

0 
- 0 - 
I . 

- - - -- - -- -- - - - -  - - - -  - - - -  - - -  ----- e e k le i s fe ld t ,  Myron L . .  Laeven, \ { . A .  and Shock, N.w. 
6 , - R e s t i ~ i .  and f i c t i v e  ' lechanicai  P rope r t i es  o f  Trabeculae Carneae from Aged Male Rats 
0 Am. J ,  Phys io l  . 220(6):1921-1927, 1971. 
a . 

Abs t rac t :  Trabeculae carneae from t h e  l e f t  v e n t r i c l e s  o f  11- t o  13- and 26- t o  
- 31-month-old  ale r a t s  nere  examined i n  terms o f  t h e  a c t i v e  and r e s t i n g  l eng th -  

,: t ens ion  curves.  ::o s i g n i f i c a n t  d i f f e rence  between t h e  two groups was noted f o r  
t he  a c t i v e  1  ength-tens i o n  curve. The r e s t i n g  l e n g t h - t e n s i o n  curves showed t h a t  

. .  muscies f rom the o l d e r  r a t i  had s i g n i f i c a n t l y  g r e a t e r  r e s t i n g  t ens ion  a t  l eng ths  
' g rea te r  than 115. c f  Lo. Lo was de f i ned  as t h e  s h o r t e s t  l e n g t h  w i t h  a  r e s t i n g  
; tens ion  above zero .  The d u r a t i o n  of  c o n t r a c t i o n ,  t ime- to-peak tens ion ,  and r e -  

.: l a x a t i o n  t ime a t  maximum i s o m e t r i c  t ens ion  were pro longed i n  m u s c l e s f r o m  t h e  
: o l d e r  group. St ress  r e l a x a t i o n  was s t u d i e d  us ing  o t h e r  t r abecu lae  f rom r a t s  o f  

s i m i l a r  ages. Res t i ng  t ens ion  was found t o  d e c l i n e  l i n e a r l y  w i t h  t h e  l o g  o f  t ime  
from 0.3 t o  240 SeC a f t e r  a  r a p i d  s t r e t c h .  Less s t r e s s  r e l a x a t i o n  was e x h i b i t e d  

- by r u s c l e s  from 7 5 -  t o  29 - ron th -o ld  male r a t s  than 11- t o  12-month-old r a t s .  
This a g e - a s s u c i a t ~ d  a ? t e r a t i o n  i n  s t r e s s  r e l a x a t i o n  accounts i n  p a r t  f o r  t h e  
a le-assoc ia ted changes i n  the,  r e s t i n g  l eng th - tens ion  curve.  



I *  - 
@ ~ e l l l s c $ ,  E r i c ,  Mzrker ,  Leon and Sweeting, O r v i l l e  J. 

8 

l - l ! i scoe las t i c  P r o o e r i i e s  of  Regenerated C e l l u l o s e  Sheet 
0 

:r. o f  Appl . Polymer Sc i  , Voi . 5 ,  P18, pp 647-654, 1961. - - 8 

I - -  
@ 

6 
- Abst rac t :The dura  b i l i t y  p r o ~ e r t i e s  o f  ce l lophane a r e  measured a t  t h e  p r e s e n t  0 

1 I t ime  by s e v e r a l  p n y r i c a l  t e s t s ,  such as measurement o f  impact  s t r e n g t h ,  f l e x i n g  
- 

under s t r e s s ,  t e n a c i t y ,  e l o n g a t i o n ,  t e a r  and o the rs  and no  c o r r e l a t i o n  between 
l these t e s t  d a t a  and the  s t r u c t u r e  and i n t e r a c t i o n  o f  t h e  polymer cha ins  e x i s t s .  

3 

l It has been s h o w  by t h e  t e s t s  i n  t h i s  a r t i c l e  t h a t  a t  cons tan t  l o a d  t h e  c reep  

> d a t a  f o r  s o f t e n e a  ce l l oohane  can be f i t t e d  t o  a f ou r -e lemen t  model c o n s i s t i n g  b 
of a  V o i g h t  u n i t  and a  Maxwell u n i t  i n  s e r i e s .  The parameters o f  t h e   axw well ,. 

J 

; l m d e l  depend on t h e  t o t a l  nulrber o f  moles o f  s o f t e n e r  added and t h e  parameters 8 
1 ' - of t h e  Voi  g h t  model depend on t h e  i n t e r n a l  p ressure  o f  t h e  1 i q d i d s  c a r r i e d  by e 
@ t h e  c e l l u l o s e .  
3,' ; >  Q 
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7 7 - Abs t rac t :  Tendon i s  a synamic 1  i n k  between bone and muscle,  v i t a l  t o  t h e  Bs 
l -- - e f f i c i e n t  t r a n s l a t i o n  o f  t h e  body ' s  energy i n t o  e f f e c t i v e  a c t i o n .  I n  t e s t i n g  0 0 : an i n t a c t  r a b b i t  muscu lo tend inous system, comple te  w i t h  i t s  bony a t tachments ,  

6 t t h e  muscle b e l l y  was found t o  be t h e  weakest u n i t .  When t h e  tendon-bone - -  - -  0 p r e p a r a t i o n  was eva lua ted  i t  b roke  a t  t h e  bone - tendon j u n c t i o n ,  b u t  tendons 
- , a lone  were found t o  f a i l  a t  t h e i r  p o i n t s  o f  c lamping - s i t s  o f  maximum s t r e s s  . > c o n c e n t r a t i o n .  O f  extreme impor tance i s  t h e  l o a d i n g  r a t e  - h i g h  r a t e  r e s u l t s  

l f i n  b r i t t l e  f r a c t u r e .  1 0  

p 
i: - 0 
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- - 3 m Z r e T  K X W e b e r ,  Hans ana ae W l t ,  Ben 
= 0 :  

E s t j ~ t e d  F ive  component ~ i s c o e l a s t i c  Model parameters f o r  Human Arterial Wal ls  , : . .-- J ,  of  Biomecnanics, 6:1, 13-24, 1973 ; @ ,  
ti ?- ! ._L ABSTRACT: Parameter values i n  t h e  Westerhof and Noordergraaf (1970) model f o r  
, v i s c o e l a s t i c  a r t e r i a l  w a l l  behavior a re  ob ta ined  f o r  t h e  human t h o r a c i c  and 5 .  ! I 

'j a o r t a  and the  i l i a c ,  femoral and c a r o t i d  a r t e r y  f o r  "young" and 
- age groupd, app ly ing  a computerized e s t i m a t i o n  technique t o  da ta  publ ished 

- -  - ,Learoyd and Tay lo r  (1966). --3 . -  
The Young modulus i s  def ined as t h e  Young modulus Of  - - 

, I) - t h e  r e s u l t i n g  model a t  very h igh  frequency d i v i d e d  by  t h a t  a t  ze ro  frequency* 
0 

I Valuer a re  determined f o r  each a r t e r i a l  5egITIent. Resul ts  show t h e  asymptotic - c 
modulus of the  c a r o t i d  a r t e r y  t o  decrease and of t h e  i l i a c  and f ~ ~ r a l  a r te ry  9 

- to increase w i t h  inc reas ing  age. A p o s s i b l e  e x p l a n a t i o n  i s  presented* Character- 
frequencies a r e  def ined as those f requencies where t h e  imaginary o r  v iscous =-@ 

model Young modulus reaches l o c a l  maxima. These frequencies appear 
h i g h e r  values a t  he igh age f o r  a l l  segmentso . - - -  - .  

- " . . . . .. 0. .. . .a.  . , . 
- .---.*-.---- - 
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- 1 ,  . 

I I 1 1 ~ ~ u 1 g ~ 8 ~ 7 ~ 6 ~ 5 ~ d 1 3 ~ ~ ~ 1 , / # ~ ~  ..- - 
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. 34:91-116,1972 

is review no a t tempt  t o  cover  a l l  t h e  papers on respiratory 
blished d u r i n g  t h e  p e r i o d  May 1970 t o  May 1971 but rather concen- .:, 

t h a t  reem t o  t h e  r e v i e w e r  t o  be of p a r t i c u l a r  interest, For +-= - 0 1  
articles have been grouped under fou r  headings: morphology, ,::? , 

9 and gas exchange. I n e v i t a b l  many important 
reas and indeed whole areas of pulmnary physiology, such 

: .! --- ventilator~ c o n t r o l  have been compl 
0.i f-ted, 

-.. 
I -  1 f -  :: 
c-- _ , 
!5'- a 1 
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! - -  Wertheim, M . G .  

Memoirs sur  1 e l a s t i c i t e  e t  l a  cohesion des principaux t issue du corps humain. 0 
, 8 1. Ann.Chim. Phys. 3e Serie ,  21 , 385-414, 1947 
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, 0 - WEST, John 8 .  & Matthews, Frank L .  6 
- Stresses, s t r a in s ,  and surface pressures in the lung caused by i t s  weight @ 

- J .  Appl. Physiol. 32(3) ,  332-345,1972 = 8 
! - L 

- 1  -- Abstract : In an e f fo r t  to understand how the lung i s  deformed by i t s  own m -- 
- ,<  .- weight we have analyzed the dis tr ibut ion of regional expansion,stresses, and Q 

I, surface pressures in a theoretical e l a s t i c  lung-shaped model using the technique Q 

, of f i n i t e  elements. In the upright posi t ion,  the parenchyma was most expanded , d 
- s a t  the apex and l ea s t  a t  the base. Stresses in both the vert ical  and l a t e r a l  - @ 

directions were maximal a t  the apex. As'the l  u n g  was inf lated from very low - 4 
volumes t o  total lung capacity, parenchymal expansion and s t r e s s  a t  the apex 
f i r s t  decreased, then increased. This behavior can be explained by the increasing 1 1 r ig id i ty  o f  the expanded lung ivhich enabled i t  to r e s i s t  d i s tor t ion  by i t s  own 0 

- weight. At functional residual capacity, the s t ress  a t  the apex was near i t s  @ 
1 '- minimum. The differences in intrapleural pressure down the lung were volume 

dependent, increasing a t  very low volumes. In the inverted lung, the regional - 
differences i n  s t r e s s ,  s t r a i n ,  and surface pressures were l e s s  marked because 

8 

of the shape of the chest.  I @  - . :- - 
I gravity; pleural pressure; dis tr ibtuion of vent i la t ion -- 1 
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r ,.,- ,i ' 6 , - ! ,  : :, 1. . ! : ,  ..tr;~, Eei:r ies, c o r n e l i s  J. and l i oo rderg raa f ,  

C ,A2 7. d 1.i 3:; 
0 ; i n z i o : S t u : i ? s  -. : ? e z u - a q S y s t e m i c A r t e r i a 1  Tree  

t J o u r ~ i l  c i  E~or recnan lcs ,  Vol 2, I ~ O .  2, pp. 121-143, 1969 

I a - A b s t r a c t :  Tne design,  c o n s t r u c t i o n  and e v a l u a t i o n  o f  a  l i n e a r  pass ive  model o f  
; t n e  numan sys temic  a r t e r i a l  t r e e  a r e  presented.  The performance o f  t h i s  

e l e c t r i c a l  rode1 i s  compared e x t e n s i v e l y  t o  i t s  r e a l  c o u n t e r p a r t  i n  t h e  f o l l o w i n g  I f -. areas :  r ragni tude and phase o f  i n p u t  impedances, wave t r a v e l  ( a m p l i t u d e  and  
pnase o f  p r e s s u r e  harmonics)  a l o n g  t h e  a o r t a ,  and wave shapes o f  p ressures  and ' 0 - f l o w s  a t  d i f f e r e n t  l o c a t i o n s .  These comparisons demonstrate t h a t  t h e  m d e l  

) behaves very mucn l i k a  t ~ l e  r e a l  system. 
0 - A s e r i e s  o f  re f inements  i n  the  mode l ing  o f  a  s h o r t  segment o f  a r t e r y  i s  

d iscussed ;  a1 tnough these ref inements h e l p  t o  o b t a i n  b e t t e r  agreement w i t h  r e a l i t y  1 '- none has a  i l a j o r  e f f e c t  on t n e  b e h a v i o r  o f  t h e  model as measured c l o s e  t o  t h e  
-? h e a r t .  

R e f l e c t i o n s  p l a y  a  m a j o r  r o l e  i n  d e t e r m i n i n g  t h e  b e h a v i o r  o f  t h e  sys tem 
1 @ ' and o c c u r  a t  a l l  orancn p o i n t s .  The l a r g e s t  r e f l e c t i o n  c o e f f i c i e n t s  a r e  found ' . a t  the  p e r i p n e r y .  Tnese r e f l e c t i o n  c o e f f i c i e n t s  r e s u l t  m a i n l y  f r o m  t h e  a r c h i -  
07 t e c t u r e  o f  t h e  a r t e r i a l  t r e e .  I t  i s  shown how t h e  n a t u r e  o f  t h e  i n p u t  in+  

and wave t r a v e l  p a t t e r n  can be e x p l a i n e d  i n  terms o f  t h e s e  r e f l e c t i o n s .  
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Wes t e r n o f ,  i l i  co1 aas , Bosman , F i e d e r i  k ,  DeVries, Cornel  i s  J ,  and Noordergraaf ,  

8 

Abraham 
a 

-- Analog S t u d i e s  of t h e  Human Systemic A r t e r i  a1 T ree  
3 
- - -  

-. - Journa l  o f  d iomecnanics,  Vol. 2 ,  do. 2., pp.  121-143, 1969 :. • 
- - 
; A b s t r a c t  ( C o n t i n u e d ) :  The i n p u t  impedance and wave t r a v e l  i n  l a r g e  vesse ls ,  f o r  

- 

f r e q u e n c i e s  l a r g e r  than  2 cps,  a re  l a r g e l y  de te rmined  by t h e  c h a r a c t e r i s t i c s  
- @ ,  

I o f  tnese vesse ls  theniselves and n o t  by t h e  load .  T h i s  i s  m a i n l y  due t o  t h e  
41 

1 @ .: a r c q i  t e c t ~ r ~  o f  tne  system. 
.-. 

A 1  t e r a t i o n s  i n  p e r i p h e r a l  r e s i s t a n c e  a f f e c t  t h e  i n p u t  impedance o f  t h e  sys -  c 
f - Lem on ly  f o r  very 1cw f requenc ies ;  t h e  sane no1 ds f o r  wave t r a v e l  i n  t h e  a o r t a ;  0 

1. 
tne  n i g h  f requenc ies  a r e  v i r t u a l  l y  i ndependent  o f  t h e  p e r i p h e r a l  r e s i s t a n c e .  

Some c l l  n i c a l  s t a t e s  a r e  s i m u l a t e d  and d iscussed .  
- 

1 '  - f 
- 

j 1 : +  T 

1 L; - . -- 
1 - 
1 
- a  

1 _ _  - - .  - - 
a 

' - - - - Q 

; 
- - _ ...__-__. - -- 

-- - 



. - -  -A- 

O Q ~ Q ~ Q 8 0 0 8 0 O O J 6 8 8 O @ O 8 8 O 8 d ~ O b O ~ f @ @ @ @ @ O U O  
; Q --7- 

I I I ' I -----_ _ _  - , I 
r -z -7-  - Q --- A - . ,  , .. t 1 , , , 4 ,  a 

, - ---A- 

0 - t& 
- a 

? Wes t e r h o f ,  td i co laas ,  and N o o r d e r g r a a f ,  Abraham 1 5 -  !I- e - A r t e r i a l  V i s c o e l  a s t i c t y :  A g e n e r a l i z e d  Model F a 
J o u r n a l  o f  B iomecnan ics ,  Vol .  3, No. 3, pp. 357-379, 1970 t: 

1 @ L  -;i-- : a 
@ 0 - A b s t r a c t :  I n  t h e  f i r s t  p a r t  o f  t h i s  gaper  most  o f  t h e  r e p o r t e d  r e s u l t s  -. . 

: m ,  @ 
0 , c o n c e r n i n g  iieasureri;ents o f  t h e  v i s c o e l a s  t i c  p r o p e r t i e s  o f  t h e  s y s t e m i c  .. . 

! e  L : a a r t e r i a l  w s l l  a r e  d iscussed .  The v a r i o u s  mechan ica l  models o f  t h e  v e s s e l  .- - 
w a l l  t h a t  nave been p rooosed  and w h i c h  u s u a l l y  accoun t  f o r  a  s p e c i a l  ::- @ 

0- , , R-- - - 
18 - 1  a s p e c t  o f  v i s c o e l  as t i c  p r o p e r t i e s  a r e  r e v i e w e d  c r i t i c a l l y .  From t h e s e  e 

- d i s c u s s i o n s  a new 1:iathematical rmde l  f o r  t h e  w a l l  p r o p e r t i e s  emerges. I t  a c c o u n t s  
-3 ; i n  q u a r ~ t i  t a t i v e  terms f o r  t h e  f requency  dependence o f  t h e  Young m d u i u s ,  s t r e s s - :  a 

1 @ r e l a x a t i o n ,  c reep ,  and h y s t e r e s i s .  Hence t h i s  new d e s c r i p t i o n ,  w h i c h  
i s  i n  terrns o f  t h e  complex Young modulus,  covers  a l l  t h e  known a s p e c t s  o f  :.- • e- -. :- - -. -,  - t h e  v i s c o e l a s t i c  w a l l  g r o p e r t i e s .  " .;, ;- a .- 

I n  t h e  second  p a r t  o f  t h i s  p a p e r  t h e  complex Young m d u l u s  i s  i n c o r p o r a t e d  ' ?  @ 
d " '  i n  a  node1 o f  t h e  s y s t e m i c  a r t e r i a l  t r e e  f o r  t h e  purpose o f  s t u d y i n g  t h e  - .  Q : O '.; e f f e c t  o f  t h e  v i s c o u s  p r o p e r t i e s  o f  t h e  w a l l .  Nave t r a v e l  and i n p u t  impedances : * 

' 8 - . ?  a r e  g i v e n  f o r  t h e  case  o f  a  p u r e l y  e l a s t i c  w a i l  and f o r  t h e  case  o f  a  r e a l i s t i c  
8 .. .. 0 6 - 3  v i s c o e l a s t i c  w a l l  ; t h e  d i f f e r e n c e s  a r e  compared. A d d i t i o n  o f  t h e  v i s c o u s  .- # - ,  

/ 1 - '  w a l l  p r o p e r t i e s  p r o v e s  t o  have a  s i g n i f i c a n t  e f f e c t  on i n p u t  impedance 1:;- @ 
'-= 
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lo rma1 L u n ~  :/el srlts i n  Janai cans - @ 
O A ~ e r i c a n  Review o f  Respi ratory  Disease, Yol. 103, p p  85-90 
0 - -- 

AuSTRACT: ;n a r e t r o s p e c t i v e  postmortem study o f  1,019 a d u l t  Jamaicans o f  - 

! A f r i c a n  e x t r a c t i o n ,  350 (17.2 percen t )  o f  t i l e  2,038 lungs were c l a s s i f i e d  as ' 0 

- normal .  Toe weignts o f  these 1 s g s  were compared w i t h  weights  o f  lungs i n  
abnormal c a t c g o n e s  and considerable over lap  was found. I t  was concluded, how- - 1 :--:I e v e r ,  t h a t  lungs t h a t  were normal t o  inspec t ion  and p a l p a t i o n  b u t  t h a t  weighed 

-- 

l e s s  than the mean cou ld  be inc luded  i n  s tud ies  r e q u i r i n g  normal lungs. I n  70 
3 men and 81 women, 00 th  1 ungs were normal. - 

- Regressions o f  tne  n o r m 1  t o t a l  l ung  weights were c a l c u l a t e d  w i t h  age, h e i g h t ,  - 0 
weigr l t ,  and sur face area. These f a c t o r s  accounted f o r  o n l y  11 p e r c e n t  o f  the  6 

! - v a r i a t i o n  ~n t o t a l  l ung  i i e ig i l t s  i n  men and I 4  percen t  i n  women. Ana lys is  o f  male @ 
and female iung  weights  snowed t n a t  f o r  any g iven  h e i g h t  and we igh t  t h e w  was no 

=) - s i g n i f i c a n t  d i f f e r e n c e  between the sexes. No adequate data were a v a i l a b l e  t o  
compare races, b u t  i t  was concluded t h a t  lung  weight  was mow c l o s e l y  r e l a t e d  :- 

0 

t u r e  than t o  sex o r ,  probably ,  t o  race, I; - e 

I: 
L. 
' I  0 - 
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WHITE, Augustus A. 111 & Raphael, I r v i n g  ; -:' The E f f e c t  of Quadriceps Loads and Knee P o s i t i o n  on S t r a i n  Measurement o f  t h e  

0 T i b i a 1  C o l l a t e r a l  Ligament - An Experimental Study on Human Amputat ion Specimens -:- Acta o r thop .  Scandinav. 43, 176-187, 1972 q- : 
: o  L Abst rac t :  (Summary) S t r a i n  measurements were made i n  t h e  t i b i a l  (med ia l )  c o l -  

-. l a t e r a l  1  igaments of f i v e  smputated legs  u s i n g  e l e c t r i c a l  dev ices  and s t r a i n  gages: e 
The e f f e c t  o f  severa l  v a r i a b l e s  on the  recorded s t r a i n  of t h e  l i gaments  was ob- - -- 0 

1 served. These v a r i a b l e s  inc luded  t h e  angle of knee f l e x i o n ,  s i m u l a t e d  p h y s i o l o g i c  
l o a d i n g  of t h e  quadriceps mechanism, and abduct ing forces on  t h e  t i b i a .  The 
f o l l o w i n g  r e s u l t s  *ere obta ined:  1. S t r a i n  on t h e  t i b i a 1  c o l l a t e r a l  l i g a m e n t  i s  0 
rninlrnum a t  f u l l  f l e x i o n  and increases as the  knee extends.2. The g r e a t e r  t h e  l o a d  8 

- app l ied  t o  the quadrlceps mechanism, the  l e s s  t h e  s t r a i n  i n  t h e  l i g a m e n t  i n  e 
0 var ious p o s i t i o n s  o f  f l e x i o n  and extens ion.  3. The g r e a t e r  t h e  abduc t ing  f o r c e  on -- - a  - the  t i b i a ,  the  g r e a t e r  t h e  s t r a i n  i n  t h e  l igament .4.  The g r e a t s r  t h e  l o a d  on t h e  

/ . . ' quadriceps mechanism, t h e  l e s s  t h e  s t r a i n  i n  t h e  1 igament due t o  t h e  a b d u c t i n g  
f o r c e  a p p l i e d  t o  the  t i b i a .  - - 
R major  conclus ion supported by t h i s  i n v e s t i g a t i o n  i s  t h a t  quadr iceps mechanism - 
can be shown exper imenta l l y  t o  be a f a c t o r  i n  decreasing s t r a i n s  on t h e  t i b i a 1  
c o l l a t e r a l  l i gament ,  b o t h  w i t h  and w i t h o u t  abduc t ing  f o r c e s  (va lgus  d e f o r m i t y )  

- be ing imposed on the  knee j o i n t .  . - 
- 6  
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. vEASjIE::E'IT OF THE SERIES ELASTIC COMPONENT AT VARIOUS TIMES DURING A SIEIGLE 
I - -  

8 

i MUSCLE TWITCV S c . - J .  P h y s i o l .  134,  527-530, 1956 
I 

- 0 

I A b s t r a c t :  ( f m  summary) A s i m p l e  i s o t o n i c  techn ique  has been descr ibed  f o r  de- 
1 0  

0 m o n s t r a t i n g  t h e  separate e x i s t e n c e  o f  two components i n  s t r l  a t e d  musc'e, and ei 
! 

a 0 f o r  d e t e r m i n i n g  the  s t r e s s - s t r a i n  c u r v e  o f  t h e  pass ive  e l a s t l c  component. - (z 
I 

I L 3 
T h i s  t e c h r i q u e  has been used t o  show t h a t  t h e  s e r i e s  component i s  0 

p r e s e n t  and has cons tan t  p r o p e r t i e s  th roughou t  a  muscle t w i t c h .  : 8 
I 
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' Wilkes,G.L, and U i 1 d n a ~ e r ~ R . H .  - 6 
I -. S t r u c t u r e - P r o p e r t y  R e l a t i o n s h i p s  o f  t h e  S t ra tum Corneum o f  Human and Neonata i  6 
1 0 Rat 11. Dynamic Mechanical S tud ies  :- Q I 

@ Biochim.  Biophys.  Acta. 304: 276-89, Apr 1973 ?-- - 1- 9 ,  
I -  

- 
; .  rg ' ';. A b s t r a c t :  The s t r a t u m  corneum from neona ta l  r a t  and human was i n v e s t i g a t e d  by  t h e  

"=. techn ique  o f  dynamic mechanical spec t roscooy .  I t was found  t h a t  t h e  corneum d f s -  43 
@ p layed  a  unique mechanical spect rum w i t h  tempera tu re  i n  t h a t  t h e  t h e  modulus @ 

1 @ -,: passed through two minima - -  one b e i n g  near  t h e  p h y s i o l o g i c a i ' r e g ~ o n .  The - c 
f i r s t  i s  assoc ia ted  w i t h  t h e  m o b i l i t y  and me1 t i n g  o f  w a t e r  w h i l e  t h e  second i s  a 

1 - t e n t a t i v e l y  a t t r i b u t e d  t o  t h e  mei t i n g  and r e s t r u c t u r i n g  o f  t h e  p r o t e o l  i p i d s  . 
O v e r a l l  t h e  behav io r  o f  neona ta l  r a t  and human samples was s i m i l a r .  0 
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@ - WOLFRAb1, i i a r i a  A. ,  Wo le jsza ,  Plancy F. and Laden,Karl e 

Biomechanica l  P r o p e r t i e s  o f  Del i p i d i z e d  S t ra tum Corneum 
' 0  J r .  o f  I n v e s t .  Dermato l  59:6, p p 4 2 1 - 6 ,  Dec.1972 

0 :. a - I--- - A b s t r a c t :  A1 t e r a t i o n s  o f  t h e  p h y s i c a l  p r o p e r t i e s  o f  s t r a t u m  corneum induced  by a 
i - e t h e r  e x t r a c t i o n  were s t u d i e d .  I n  v i  t r o  changes measured i n c l u d e d  mechanica l  8 
( work  t o  s t r e t c h  ( I n s t r o n  ex tensometer ) ,  c r o s s - s e c t i o n a l  s w e l l i n g ,  and expansion 
1 I i n  t h e  p l a n e  o f  t h e  t i s s u e  when p laced  i n  w a t e r .  R e s u l t s  showed t h a t  e i t h e r  1 , 0- e x t r a c t i o n  produced a  pronounced weakening o f  t h e  s t r a t u m  corneum as shown by  

0 

Q t h e  work index  when measured a t  5 ;  e x t e n s i o n .  T h i s  weakening was accompanied * - 
- 3  b y  an i n c r e a s e  i n  t h e  c r o s s - s e c t i o n a l  s w e l l i n g  and h i g h e r  expansion i n  t h e  p l a n e  0 

. o f  t h e  t i s s u e .  I n  v i v o  o b s e r v a t i o n s  u s i n g  scanning e l e c t r o n  microscopy o f  r e -  0 
I p i  i c a s  o f  e t h e r - e x t r a c t e d  s k i n  con f i rmed t h e  pronounced s e l l i n g  e f f e c t s  seen 0 

- - - i n  v i t r o .  The r e s u l t s  suggest  t h a t  removal o f  l i p i d s  from t h e  s u r f a c e  o f  t h e  1 ; s k i n  produces a  pronounced weakening and s w e i l i n g  when t h e  s k i n  i s  subsequenr l y  
Q 

i m e r s e d  i n  w a t e r .  T h i s  may be r e f l e c t e d  i n  t h e  appearance o f  c r a c k s  and u p t u r n e d  
0 

s t r a t u m  corneum c e l l  s  . - : a  1 
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.-1 - 0 -- - - + 0 ' g Wong, Alan Y . K .  
0 , A Concentric Lajer Mod~l for Estimating tne Energy Expenditure of the  Left 
e Ventricle. 

6 
/ '- Bulletin of ilathematical Biophysics, Yol.32, 581-598, 1970. 

51 - -  6 I 
Abstract: The energy cost of the l e f t  ventricle i s  quantiat ively analyzed on 
the b a ~ i s  of the follorring assumptions: (1)  The l e f t  ventricle i s  dssumed to 
be an i so t rop ic ,  homogeneous ~ l a s t i c , t h i c k  ,spherical she1 1 .  (2)  The ventrjcu:ar 
w a l l i s  made U D  of a f i n i t e  number of thin concentric she l l s .  (3)  The energetics 
of the l e f t  ventricle i s  in accordance with the second law of thermodynamics. 
An e x ~ r e s s i o n  for  the work done during ventricular contraction i s  derived 
according to the M i n i  tion of physical work. The energy l ibera t ion during is*- 
V O ~ U ~ ~ C  contraction i s  formulated parallel to the concepts of heat ~ r o d u c t j o n  i n  
skeletal  muscle during isometric contraction. This expression gives the  to t a l  
work done Per stroke in terms of mean sys to l ic  pressure, and d ia s to l i c  volume, 
stroke volume and wal 1 thickness during d ia s to l i c  phase. 
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' O I!ClPiG, Alan Y .  K. - e 1 O Wechanics of Cardiac Muscle, Bated on Huxley's Model: Mathematical Simulation of . 
, Isometric Contraction : * I  

O - J .  Biomechanics, 4:6, 529-540, 1971 
6 

; @ 

8 Abstract: H i 1  1 's three-component model (Maxwell model ) i s  used to  represent the  
- 6 ' mechanical property of cirdiac muscle. The parallel  and se r i e s  e l a s t i c  elements 

0 

* of the f ib res  are described according to  the i r  non-linear exponential function; 
! @ and Huxley's sliding-filaments model, together with the activating ro le  of 

e 

1 0 calcium, i s  applied to the contracti le element. 
> With t h i s  compo$~ t e  mode1 , the fo1 low1 ng responses can be simulated mathematic 

C 

al ly :  isometric t v i  tch a t  various muscle lengths, tension-length re1 ationships,  
8 

' isometric contraction during ouick s t re tch;  and the Bowditch Treppe and tenslon 
I @ velocity relationshlps of the concractlle element. -. - 

8 - e ,  
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viong, Alan Y .  K .  : 

Rechanics of Cardiac Muscle, Based on Huxley's Model : Simulat ion o f  Active S t a t e  ' -- and Force-Velocity Q e l a t i o n  
J .  Biomechanics, 5:1,  107-117,1972. -- .. 

;. 1 

- Abst rac t :  Hil l  ' s  three-component model f o r  ca rd iac  muscle ,  i n c o r p o r a t i n g  Huxley's - 
4 s l i d i n g  f i lament  theory f o r  t h e  c o n t r a c t i l e  element (CE) (Wong, 1971) is  extended 9 i - t o  s tudy t h e  fo rce-ve loc i ty  r e l a t i o n .  At any defined c o n t r a c t i l e  s t a t e ,  i .e.  

- 0 
@ - -  f i x e d  time of con t rac t ion  and Ci l eng th ,  f o r c e - v e l o c i t y  curve o f  C E  can be ' j e sc r ibed  by Hill ' s  c h a r a c t e r i s t i c  eouat lon.  The hyperbol ic  r e l a t i o n  1s no t  9 

) found i n  fo rce-ve loc i ty  curve obtained by a f t e r l o a d e d  i s o t o n i c  c o n t r a c t i o n ,  b u t  C 
t the curve can be f i t t e d  by Fung's equation (1970).  I n c o n s i s t e n c i e s  and d i sc rep-  8 
1 - ances i n  f o r c e - v e l o c ~ t y  da ta  reported i n  l i t e r a t u r e  a r e  d i scussed  on t h e  b a s i s  - -  

- of t h e  present  model. -. - 
1 ;. 
3 

- 
:a 
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1 *  Wong,AlaqY.K, a n d R a u t a h a r j u , P . M .  ; @ I  

1 - S t r e s s  D i s t r i b u t i o n  within t h e  L e f t  Vent r icu la r  Wall Approximated a s  a Thick 2 -  

El 1 ips01 dal She1 1 . 
-- American Heart J .  75:5, 649-662, May,1968. - 

- Abstract :  A formula 1s derived f o r  the s t r e s s  d i s t r i b u t i o n  w i t h i n  t h e  myo- . -: e ;  
. cardlum which i s  assumed t o  be an i s o t r o p i c ,  homogeneous, e l a s t i c  medium. - .  
- This expression i s  genera l ized  s o  t h a t  i t  i s  a p p l i c a b l e  f o r  the  l e f t  v e n t r i c l e  0 

, which i s  assured as e l t h e r  a  spher ica l  t h i c k  s h e l l ,  o r  an e l l i p s o i d a l  s h e l l ,  
o r  a  paraboloid of  revo lu t ion .  The p a t t e r n s  o f  s t r e s s  d i s t r i b u t i o n  were 

c. 
computed f o r  various phases of  con t rac t ion  o f  a  s imula ted  normal h e a r t .  - a 
In an e l l i p s o i d a l  s t r u c t u r e ,  t h e  wall s t r e s s  does no t  i n c r e a s e  l i n e a r l y  . * I  ' - with the radius of curvature.  A1 though s e v e r a l  sinipli f y i n g  assunpt ions  were a 
n e c e s s a v  t o  facilitate coirputing of  t h e  s t r e s s  p r o f i l e s ,  t h e  r e s u l t s  ob ta ined  

'9 - a r e  more r e a l i s t i c  ana accura te  than can be e x ~ p c t e d  from models which approxi- 9 
mate the  l e f t  ventricle a s  a  sphere o r  a  c y l i n d e r  o r  a  s t r u c t u r e  wi th  a  t h i n  - 

1. wall.  - - 
: * I  
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0 ' WOO, 5 .  L-Y, Kobay81ki. P . S . ,  L a i r e n r e ,  C. and i c h l e g e l ,  W.A. - 

4 O Mathemat i ca l  I 'odel  o f  t n e  Co rneo -Sc le ra l  S h e l l  as 4 p p l i e d  t o  I n t r a o c u l a r  0 
' 0 Pressure-Vo lume Cela t i o n s  and A p p l a n a t i o n  Tonometry 

- 0 ) o - - Pnna l  s  o f  b icmedical  E r ~ i n e e r i s g  1,87-96,1972. 
e .- -- 

ABSTFACT: The non l  i near  mechan ica l  p r o p e r t i e s  o f  t h e  cornea,  s c l  e ra ,  and o p t i c  
; = d i s k  de te rm ined  p r e v i o u s l y  a r e  i n c o r p o r a t e d  i n  a f i n i t e  e lemen t  ma themat i ca l  8 

model o f  a  hum21 c o r n e o - s c l e r a l  s n e l l  , T h i s  ma themat i ca l  model i s  t n e n  used t o  @ 
I c a l c u l a t e  a  n o n l ~ n r a r  i n t r a o c u l a r  pressure-vo lume r e l a t i o n  and t h e  f o r c e s  and 0 
) volumes i n  a p p l a n a t l o n  t onomet ry .  These r e s u l t s  a r e  compared w i t h  e x p e r i m e n t a l  

i 0 r e s u l t s  o b t a i n e d  by  o t h e r  investigators. F r i e d e n w a l d ' s  c o e f f i c i e n t s  o f  o c u l a r  
I r i g i d i t y  were a l s o  c a l c u l a t e d  u s i n g  t h e  model and were f o u n d  t o  decrease w i t h  0 i' 

I 
i n c r e a s e d  i n t r a o c u l  a r  p ressu re .  9 
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Woo ,S .L.Y, Kobayashi  , A.S., Lawrence, C. and Sch lege l  , W . A .  
N o n l i n e a r  M a t e r i a l  P r o ~ e r t i e s  o f  I n t a c t  Cornea and S c l e r a  

a 

Exp .Eye Res. 14:  pp29-39, 1972. 
5 -  
-4.- 

9 

A b s t r a c t :  Enuc lea ted  human eyes,  1-3 days p o s t  mortem, were s e c t i o n e d  e q u a t o r l a l l y  @ 

and t h e  a n t e r i o r  o r  p o s t e r i o r  segment o f  t h e  c o r n e o s c l e r a l  s h e l l  was c l a m ~ e d  on  
a m e t a l  chamber f o r  p r e s s u r i z a t i o n .  A f l y i n g  s p o t  scanne r  sys tem was used t o  
measure h o r i z o n t a l  s u r f a c e  d e f o r m a t i o n s  w h i l e  t h e  p r e s s u r e  i n  t h e  chamber was 

- e 

changed s t e w i s e .  L a t e r a l  d e f o r m a t i o n s  i n  d i r e c t i o n s  90' and 45' t o  t h e  - c 
o r i g i n a l  h o r i z o n t a l  d i r e c t i o n  were a l s o  measured t o  e s t a b l i s h  su face i s o t r o p y  
o f  t h e  m a t e r i a l  when t h e  eye specimens were p r e s s u r i z e d  i n  t h e i r  n a t u r a l  geo- a 
m e t r i e s  . - 

The f i n i t e  e lemen t  numer i ca l  method was t h e n  used t o  c o n s t r u c t  a ma themat i ca l  
model o f  t h e  p o s t e r i o r  segment o f  t h e  eye mounted on t h e  m e t a l  chamber.  T h i s  

model uses tril i n p a r  s t e r e s i - s t r a i n  r e 1  a t i o n s h i p s  w h i c h  were  a d j u s t e d  u n t i l  t h e  
p r e d i c t e d  s u r f a c e  d r f o r m a t l o n s  agreed w i t h  t h e  e x o e r i m e n t a l  r e s u l t s .  U s i n g  a  . 
s i m i  1  a r  p rocedu re  on t h e  a n t e r i o r  segment, a  t r i l i n e a r  s t r e s s - s t r a i n  r e l a t i o n  . 
was o b t a i n e d  f o r  t h e  c o r i e a l  s t ram?.  The t r i l i n e a r  r e l a t i o n s  we re  t h e n  c o n v e r t e d  . 
t o  e x p o n e n t i a l  f o r m  by a l e a s t  square  method.  

0 
0 
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i e  - woo ,S .L .Y . , Kobayshi , A .  S. ,Lawrence, C .  and Schlegel , W . A .  0 ' 0  - - Nonlinear Material Properties of Intact Cornea and Sclera - 0  
- Exp. Eye Res. 14:  pp 29-39, 1972 

= , .  • i ' 0  - .A 

0 0.- -- Abstract contin*ed:The f i n i t e  element, a x i s m e t r i c  mathematical model can assign -. 
9 these nonlinear material properties for  different  portions of the eye and 1 spec i f ic  variations in geometry such as central corneal or  equatorial s c l e r a l  - 

thinning. Such geometric complexity and material heterogeneity and nonlinearity 0 1 could not be modeled conveniently by previous mathematical models of the - 9 
I 0 corneoscleral she l l .  The model will be useful in the analysis of s t r e s s  and r: 3 s t r a in  in portions of the eye, pressure-volume relations and tonometry. 
i.: :- 0 

Wood ,T .E.  , McLeod , P .  , Anthoni sen.N .R. acd Mack1em.P .T. 
~ ~ ~ h a n i ~ ~  of Breathing in Mi t r a l  Stenosls 
Am.Rov ,R~sn  . n i s ~ a s e  ,104: 52-60 ,I 971 

Abstract: The mechanical properties of the  lungs of pat ients  w i t h  mi t r a l  s tenos ls  w 
were studied using the esophageal balloon technique. Both the position and the 
volume of the balloon were systematically vbried in  an e f f o r t  t o  de tec t  a r t i f a c t s '  
in the pressure tracings ascrioable t o  the heart and great vessels .  No a r t i f a c t s  
were found; var iat ions in  esophageal pressure induced by changing balloon posi t ion 
and volume vrere s imilar  t o  those seen in normal subjects.  

In patients witn mi t ra l  s tenos is ,  the s t a t i c  pressure-volume curve of the  lung 
was abnormal in a unique way; a t  large lung volumes transpulmonary pressures wer 
high,but a t  small lung volumes, recoil  vias diminished.lt was suggested t h a t  vas- 
cular plethora accounted for  ioss  of recoil a t  small lung volumes and pulmonary 
f ib ros i s  caused increased recuil  a t  1 arger volumes. This hypothesis was supported 
by studies on pat ients  with a t r i a l  septa1 defects who showed loss  of recoi l  a t  
small lung valunes. Ecth s t a t i c  and dynamic compliances were sharply reduced in  
mitral s tenoi is  .A1 though i t  was examined over a rather  limited range, dynamic 
compl iance did not decrease as oreating frequency increased.lirway res i s tance  was 
approximate1 y tivice normal , and t h i s  abnonnaii ty tended to dominate tne maximal 
expiratory f 1 ow-vol ume curve ; expi ratory flows were decreased a t  a1 1 1 ung vol urns. 
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Bio-Eng ineer ing  Aspects o f  Synovia l  F l u i d  and C a r t i l a g e  
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l4od.Trendr. Rheumatoi . 2:Zl-9, 1971 
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, ~ l n r z e i ,  M . ,  Coiiper, G. R .  and McCook, Jams M.  @ 
I) - Snooth W c l e  Contraction and ' ii2cwla;t:'c4 ty c f  A t ~ r m i a l  llall @ 

- Caq. 2 .  Physiol. Pharm, Vol. 481 pp.  510-521, 1970 - @ . : 
- -  A S T R A C T :  Elas t~  city and viscos; t y ,  of fully relaxed and gradedly contracted 

. 
@ - ar te r i a l  wall ~ e r e  measured on spirally cut rabbit aortic s t r ips  suspended in 9 

Ringer's solution. Pre-extended contracted tissue submitted to additional 0 

stretch shows a n  instantaneous and s l e i  elongation. Only instantaneous elon- 0 
gation was observed on fully relaxed tissue. This behavior can be simulated by a ( 

:- mechanical model consisting of a spring in series with a dashpot, and a second 
spring in parallel with the f i r s t  spring-dashpot component, The modulus of the 

e 

- f i r s t  spring a n d  the coefficient of viscosity both increase steadily with in- . 
I creasing contraction, while the modulus of the second spring decreases. The s . - I -cT f i  r s t  spring-dashpot component i s  believed to represent the viscoelasti c behavior e 

- of smooth muscle on i t s  non-contractile network. The second spring probably 
- 
- =$ .I represents the cordined e las t ic  properties of arterial  elast in and collagen. : • 
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Y a g n i k *  M.G. Kamidar, V . D .  Kothari , D.1, and Kothari, Henna L. 
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= . - 
for the Measurement of Tension of a Healing wound in  ,,itro . - 

J .  Postgrad Med. 18:95-8, Apr. 72 -1. I -1 2 -  - - - 
@ Abstract: (fm sumnary) Eighteen cares of lymphoma of the gastro-intestinal t r ac t  0 
-2 are presented with their  short clinical data and histological findings. A short 
- review o f  the 1 i terature i s  also given. .: o f  
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I 0 Yeatman, Lawrence A .  , J r . ,  Parmley, William W .  and Sonnenblick, Edmund H .  0 

; -- Effects of Temperature on Series Elas t ic i ty  and Contractile Element Motion in'  0 
0 HeartMuscle 8 

1 0 -  Am.  J r ,  of Physiology, Vo1.217, No.4, 1030-1034,0ct,1969. r @ 
b 

Abstract: The e f fec t s  of changing temoerature on myocardial force-velocity re- 0 O la t ions and s e r i e s  e l a s t i c i t y  were studied in r ight  ventricular papillary muscles 
o of the ca t .  When temperature was increased from 24 t o  34 C ,  maximum velocity of 

! shortening a t  zero load ( v ~  !rose 1502 IDo: while maximum tension f e l l  by 10 t 6X. 
Stress-s train re1 ations of' ?fie ser ies-el  a s r i c  component were determined fo r  eacn / ' muscle, with correctioas for  equipment comoliance. The modclus of e l a s t i c i t y  of .* .I  O the active muscle (dP/dl) was shown to  be a  function of the load ( P ) ,  i  . e . ,  e 1) - dP/dl = KP + C .  The s t i f fness  of the se r ies -e las t ic  comDonent of act ive muscle 

: 8 decreased as temperature was increased, average K being . 56 /% L a t  24 C and & 

:$ - .38/% L a t  34 C .  Since the ra te  of tensior; development ( d ~ / d t ?  i s  dependent on 
both t h?  velocity of shortening of the C E  (cont rac t i l e  element) and the s t i f fne s s  @ ' - - of the SE ( e l a s t i c  e l emen t ) ,  th i s  temperature dependence of SE s t i f fne s s  helps t o  O 

-?-- -- explain the anomalous f a c t  tha t  dP/dt may be only moderately a1 tered by hypothermic 
0 -I despite a  substant ial  f a l l  in V m a x .  - 
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Yin, F . C . P .  andFung, Y . C .  - I) 
pechanical Properties of Isolated llammal ian Ureteral Segments 
Am. J .  Physiol. 221 ( 5 ) :  1484-1493, 1971. - 0 -- 

2 8  

-- Abstract: Isolated ureteral segments from dog, rabbi t ,  guinea oig, and human r : .  

I -L ureter  were studied. Passive e l a s t i c i t y  parameters under simple elongation were 

I 

'1 obtained. The rest ing tone of the ureter  in  s i  t u  was shown t o  be small. Hysteresis 0 
@- - in loading-unloading cycles was found and was shown t o  have 1 i t t l e  s i gn i f i c an t  

.- 
f_ : dependence on s t ra in  r a t e .  Stress  relaxation and creep t e s t s  showed a dependence 

- on the amount of s t retch and amount of load on the specimen. For i s o ~ e t r i c  
- contractions the maximum act ive tensiqn was found to  be attained a t  a  length 8 

greater than the in s i t u  length. The cont rac t i l e  behavior was found t o  be the  0 
@. same during loading and unloading. Finally, the mechanical properties of 0 

chronically di la ted ureters were found to  d i f f e r  s ign i f ican t ly  from those of -- 

normal ureters .  : - - 
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.- EXPERIMENTAL STUDY OF BLAST INJUREIS  TO THE LUNGS 
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- Abs t rac t :  Th is  paper i s  a r e p o r t  o f  an exper imenta l  i n v e s t i g a t i o n  c a r r i e d  o u t  f o r  
t h e  REsearch and Experiments Dept. o f  t h e  M i n i s t r y  o f  Home S e c u r i t y  on  t h e  e f f e c t s  - -  on t h e  lungs o f  b l a s t  f rom h igh-exp los ive .  1: ; - Mice,rats ,guineapigs, r a b b i t s  , ca ts ,  monkeys and pigeons were exposed 
i n  t h e  open t o  b l a s t  f rom t n e  exp los ion  o f  charges o f  70 I b .  o f  H.E. and f rom 

-. t h e  exp los ion  o f  hydrogen and oxygen i n  ba l loons .  
: It i s  concluded f rom these experiments t h a t  i t  i s  t h e  p r e s s u r e  

- component o f  b l a s t  which b r u i s e s  t h e  1 ungs by i t s  impact  on t h e  body w a l l  . 
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