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1.0 INTRODUCTION

This volume contains the results of ar extensive iiterature survey
carried out as part of a research project entitied, "Thoracic Model Improve-
ments (Experimental Tissue Properties) conducted by the Biomechanics Depart-
ment of the Highway Safety Research Institute of The University of Michigan.
2.0 LITERATURE SURVEY SUMMARY

A Tliterature survey which concentrated on the arsas of soft tissue
testing and analytical representation of soft tissue mechanical behavior was
implemented early in the program as an aid in quiding the experimental
design and data analysis techniques. In addition, the Titerature survey was
used to study mechanical propérties data on thoracic tissues of primary
interest to the project.

The Tist of journals that were surveyed inciudes *the following:

American Journal of Physiology

Journal of Applied Physiology

Journal of General Physiology

Physiological Reviews

ASME Publications

SAE Publications

Applied Mechanics Reviews-

Journail of Biomechanics

Bicrheology

Medical and Biological Engineering

Biomédica] Engineering

Experimental Mechanics

Advances in Bioengineering and Instrumentation

American Journal of Physical Medicine



U.S. 6570 Aerospace Medical Research Laboratories Reports {(Med. Librarv
RC1050 u.63)
NASA Scientific and Technical Aerospace Reports
Acta Orthopaedica Belgica |
_Acta Orthopaeéica Scandinavica
Archives Physical Medicine
Clinical Orthopaedics
Journal of Bone and Joint Surgery
Rheumatology and Physical Medicine
Aerospace Medicine
Journal Sports Medicine/Physical Fitness
Journal of Trauma |
Injury
Monatschrift Unfallheilkunde
Thorax
A bibliography based on the papers located by the Titerature survey
was compiled in the following manner:
1. Obtain the paper.
2. Code it using the scheme shown on the master card shown in Figure 1.
3. Abstract the article.
4. Type the information on a Keysort card, an example of which is shown
in Figure 2.
5. Punch the card according to the code.
Duplication of the Keysort card bibliography was done by Xeroxing the
cards on a dark background at a slight reduction in order to allow attaching

on the duplicate to a blank Keysort card for punching as indicated by the
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‘ dup]icate; The copies of these bibliography cards are contained in this
report. A total of over 500 cards were perpared during the project. In
addition, selected articles of particular pertinence to the program have

been microfilmed in their entirety and supplied in microjacket form to the

. | CTM.
3.0 LITERATURE SURVEY ABSTRACTS
On the following pages of this section are the abstracts of articles
suryeyed in this siudy. They are reproduced in slightly reduced form to
allow for mounting of the abstracts on Keysort cards. The abstracts are
listed in alphabetical order by author as closely as possible (since the

duplication was performed at different times during the project there are

occasional conflicts in the ordering of pages).
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1 ® . The Mechanical Behaviour of Tendon Collagen Fibres under Tension in Vitro R
] ® - 7th Int. Conf. on Medical and Biological Engng., Stockholm, 38-6, 1967 i
o e °
1@ 7 Mbstract: The mechanical behavior of tendon can be described in terms of a T e
1@ = stress train curve. This curve was obtained with a modified floor model Instron = o .
1 = Testor. This test was carried out using a horse extensor tendon. The = .
® - pistological studies indicate that the initial extension can be associated with - ¢
@ - a3 straightening out of the collagen fibre wave formation while the approximate SR
® . linear portion of the curve is a measure of the load extensior response of the  =- €
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. {®°- AGOSTONI, Emilio Se
® - . Mechanics of the Pleural Space E
e Physicl. Rev. 52:57-128, Jan.72 3: °
. o = Pbstract: (continued) pleural membranges. 3 <
. = Despite recent interest, the mechanics of the pieural space is an old - @
® - sybject, like most of the mechanics of breath1pg the knownque of its history . ®
® - and development is therefore essential to provide a perspective of the P
{ @ = recent research. C
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AGOSTONI, Emilio

Mechanics of the Pleural Space
Physiof. Rev. 52:57-128, Jan.72
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Abstract: The great progress in the mechanics of breathing that tollowed the
classic studies of Rohrer and tenn, Otis, and Rahn reached a stage about 10 years
ago in which a more systematic and a deeper insight into the mechanics of the pleural
space appeared essential to the advancement of our knowledge, not only of the mecn=
anics ot breath1ng but also of the pulmonary circulation and gas excnange. In ¥
1961 Mead, in his basic review on tne mechanical properties of the lung pointed out.
that "there is great need for better information as to the surface topography of -
fung pressure.” During the last few years many erferts nave been made to soive  '=-
tne theoretica: and experimental probiems encountered in obtaining this intorm- =
ation. This concerns one aspect of themechanics of the pleural space: namely, the =g
interaction between the mechanics of the Tung and of the chest wall, Since the =
mechanical properties of the lung were, and still are, better known than those of =
the chest wall, this study has been mainly undertaken through the mechanics of the-
lung. The mechanics of the chest wall, however, must be considered tc the same
extent. The other aspect of the mechanxcs of the pleural space concerns the nature :
of the coupling between the lung and the chest wall: i.e., the factors holding B
together these structures and providing the lubrication. This aspect involves a :

study of the contents of the pleural space as well as of the exchange through the -L
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e = ADAMS, K.H. K

° = Mechanical Equilibrium of Biological Mambranes €
= Biophysical Journal, Vol.12, 123-30,Jan.1972

Abstract: The nature of mechanical and electrical forces on biological membranes ~-
in relation to mechanical equilibrium is examined. The presence of a double
layer of electric charge is shown to give rise to an effective pressure drop
across a curved membrane of finite thizkness. For certain geometric shapes cof
9 - 3 membrane, the magnitude of the pressure drop due to electrostatic forces may
set a limit on the hvdrostatic p.cssura drop that the membrane can suppor:
without buckling. The results ive applied to the equilibrium shape of the red
blcod cell.
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"= ALEXANDER,Robert §. , i~ @
g = Contribution of Plastoelasticy to the Tone of the Cat Portal Vein o
b ® -1 Circulation Research, 28, 461-468, 1971 M
3 °-- , i o
- @ - Abstract: Isolated helical strips of cat port.l vein were subjected to sudden —i_:
@ - stresses to produce immediate elastic extension followed by a slow plastoelastic e,
° T extension or "creep." Recorvery from this crecp was evaluated by restretching el
i = m.th'vgrymg intervals between stretches. In appropriately stimulated vessels, 2"~
_® - significant creep recovery continues for periods in excess of 20 minutes. Both .- @ |
o - ’ghe rate and the ultimate magnitude of the creep recovery were substantially < «
- 1ncrgased ty contractile activity produced by norepinephrine or electrical stim- S )
e - ulation. Tre rate and ultimate magniiide of creep recovery were decreased by e
® = dilator drigs, although some recovery perzisted. The only factors found capable ‘- ° i
— = of bl_ockmu Creep recovery were complete inactivation of the contractile —
o-- machinery Iy removal of calcium from the system or maintainence of tension on (- ® |
® - the tissue during the recovery period. This behavior is explained by a model in - @}
) -2, which contiacted elements are capable of slowly converting into a stable shortenen . @ |
e - - configurat-on capable of passively maintair’ng venous tone umtil mechanical e
—.-—-—_:‘ stress cau:es a plastoeiastic extension tc the longer configuration. }jjﬁg
@ . biomechanics, blcod vessels, contraction of veins, creep of weins, rheology of = _ @ i
@ -7, venous tiscue, smooth muscle tone ES P
= g
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').“ Anderson, Rosert M., Fritz, James M., 0'Hare, James E. [{ e l i
T The Mechanical nature of the heart as a p.mp. o o
® "~ merican Heast J. 73:1, 92-105, Jan 1967. Lo
:'“ Abstract: A cardiac replacement pump which duplicates cardiac function in all o ¢
! ® ~ physiologic :tates with no controls or adjus‘ments has been used in 27 mongrel e t
-, dogs. . e
L The essential characteristics of the iiex+t and also of this replacement pump Y e,
@ - have been demonstrutcd: (1) They are nonsuckina pumps, (2) they have a pulsatile 3_-( 1
“® -ioutflow, and (3) tnere is uninterrupted venous tlow into them. o |
i 7 A new cericept of tasic hemodynamics is prcs nted which gives better insight c- 0 P
! ’* into the pas-ive nature of the heart in the regulation of cardiac output and of e
® "~ blood volume between the lungs and systemic _ircuits. ‘ _ B ‘i
“Zt The atria are found to have thier physic'odic benef1t in allowing continuous ;T—.—i
ivenous flow “o0 the heart in the presence of ;n_intermtten!; pemping sysftem. L o
", Cardiac output (in the presence of a nontaiiing heart) is shown to be dgterm1ned_:f~ ;
} _# completely by extracardiac factors. 2 :
k= 2.
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1')‘ " Anliker, Max, Histand, Michael B. and CUgden, Eric &
le — Dispersion and Attenuation of Small Artificial Pressure Waves in the Cenine forte
: ¢ =, Circulation Research, Vol. 23, pp. 539-551, 1968 v
#
] P_ ABSTRACT: A method was develcoped to determine the elastic behavior of large &
@ -, blood vessels in terms of their transmission characteristics for small smusc.c,,i “
{ @ -~ pressure signals. The method is new insofar as it utilizes transient sianals of &
‘ P the form of finite trains of sine waves that are superimposed on the natureliy &
1 — occurring pressure fluctuations and are generated by an electrically driven )
¢ “iz] impactor or by a pump. Its application to the thoracic aortas of 18 mature '
{0 - mongrel dogs anesthetized with pentobarbital rias shown that dispersion and at- %
] @ == tenuation data for frequencies between 40 and 200 cps can be obtazined withous
¢ - requi ring either Fourier transform computations or resolution of reflection ¢
-;jg-: interference. For the frequency range considered, the descending aorta is oniy ‘
i = mildly dispersive but exhibits strong attenuation that must be attributed pri- '
‘,3_ marily to dissipative mechanisms in the vessel wali. At normel biood pressure
i ¢ __j levels, the wave speed during diastcle can have & value between 4 and 6 m/sec. 7
@ -, For all frequencies tested the amplitude ratic of the waves exhibits the came L&
@ -- exponential decay pattern with distance measured in wavelengths. A marked Ty
° *q increase in wave speed observed from diastole to systole can be associated with .
= an increase in mean flow and with a stiffening of the aortic wall due to the =
P El rise in pressure. This phenomenon implies that the aortas of anesthetized degs ,
';—J%wi;"z'ﬂ’l t}efrﬂ syﬂr gl .el s'm ‘J'\liﬁiﬂlilﬂ"rxﬂlﬂﬁ‘: enzxskalsLaoze IR rl i.b RN alhcalbealens E o
O0000.0COOQOOCQQOCGOOCOOCQ0060.‘%6&@% -
JOOOJQQO!OCCC!G&GQ0000@&&eu!@a&“
._”‘ z’:,';\rlzﬂ‘a :s{u ‘)l:5)1A1£J]ZZIZ'tZOT‘gf‘G[V'”"“]'" EENEIRACH ”"‘”7'-T54j 'f_, a
el &
) F Anliker, Max, Histand, Michael B. and Ogden, Eric L
® "2 Dispersion and Attenuation of Small Artificial Pressure Waves in the Canine Aorte . °
® -2 Circulation Research, Vol. 23, pp. 539-551, 1968 O
105 v > &
{ @ - ABSTRACT (continued): should exhibit nonlinear properties with respect to large
{e - amplitude pulse waves such as those generated by the heart.
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- Anliker, M., Moritz, W.E. and Ogden, E. Wi @
. - Transmssmn Characteristics of Axial Waves in Blood Vessels : BN
Q . Jr of Biomechanics. Vol. 1 No. 4, 235-246, 196¢. !E*
. s }
L T— Rbstract: The elastic behavior of blood vessels can be quantitatively examined by E"_!r
< measuring the prooagation characteristics of waves transmitted by them. In additior-- © !
= specific information regarding the viscoelastic properties of the vessel wall can - @ i
® ~_ be deduced by comparing the observed wave trancmission data with theoretical pre- -. @
1_9 I dictions. The relevance of these deductions is directly dependent on the iLe:
0 -- va11d1ty of the mathematical model for the mechanical behavior of blood vessels f—c
° - used in the theoretical analysis. Previous experimental investigations of waves
= in blood vestels have been restriced tc pressure waves even though theoretical - 9
® - - studies pred.ct three types of waves with distinctly different transmission =
nd *:_ characteristics. These waves can be distinguished by the dominant displacement = :- @
® - - component o1 the .essel wail and are accordingly referred to as radial, axial and ¢
@ - Z circumferential waves. The radial waves are also referred to as pressure waves z a’,
° _f_' since they exhibit pronounced pressure fluctuations. For a thorough evaluation -
° - = of the matheiatical models used in the anaiycis i: is necessary to measure also th: C
AU dwsperﬂon a1d attenuation of the axial and -ircunferential (torsion) waves. -9
o - To this erd a method has been developed tc determine the phase velocities ®
} ® ’_f_l and damping >f sinusoidal axial waves in the carotid artery of anesthetized dogs Y
0 -- with the aid of an electro-cptical tracking system. For frequencies between 25 - .
) [ ano 150 Hz tre speed of the axial waves was betieen 20 and 40 m/sec and generally o ’
® — . oL AITTTIEE T T e ETETTT T TT e
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b = Anliker, I , Moritz, W.L. an i ssels R
¢ - Transmissicw Characteristics of Ax1a12\g%ves‘.96g Blood Ve e
® - .. of Bionzchanics, Vol.1 No.4, 235 "
! e - , - "while the natural pressure wave
o Abstract (Jr‘tmued increased with freuues ix‘ D aie of an isotropic wall model 9
P trave”ed a speed of about 10 'ﬂ/SQC 0'1 o mate]y 5 cimas n](]her than the Q
7 the axial \.ave Speed should however beca?]b (1 ;neroret“d 25 an indication for an °
| pressure wive speed. This discrepancy ~~l carotid artery appears to be more i
® - anisotropic behaior of the carotid walF 2831 direction = o‘
{ 1o 2 elastic in the axial than in the circumfei 2ntidi _ C
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ANLIKER, M and Maxwell, (1966)
The dispersion of waves 1n b]ood vessels.
IN: Biomechanics, edited by Fung, pp.46-67, ASME, New YOrk, 1966
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Abstract:Dispersion phenomena associated with waves propagating in bicod vessels
are potential measures of the distensibility of the vessels and other cardiovas-
cular parameters. In this investigation we assume the vessels to behave like
thin-walled circular cylindrical shells filled with an inviscid compressible
fluid. The vessel wall is assumed to have isotropic and homogeneous elastic
properties. The waves are described by small three-dimensioral displacements
of the middle surface of the shell from an equilibrium configuration defined
by a mean transmural pressure and an initial axial strain. The fluid motion
associated with the waves is considered as irrotational. The linearized dif-
ferential equations of motion are based on the shell equations by Flugge.

The results of a parametric analysis indicate that axisymmetric waves
are only mildly dispersive while nonaxisymmetric waves are highly dispersive
and exhibit cut-off phenomena. The transmural pressure and the initial axial
stretch can have a marked effect on the phase velocities and cut-off frequencies.
The effects of the compressibility of the blood are insignificant for waves with -
frequencies below 1000/cycles/sec. The nature and results of in-vivo experi-
ments by Landowne are interpreted in the 1ight of this analysis.
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Apter, Julia T. R
An Analysis of Aortic Pressure C i Te
‘ C urves Taking I : s . @
gfltne Aortaﬁ‘?nd Variations in Peripheral Rgsigzgnﬁgcount Visco Elastic Properties [
ull. Matn. Biophys., Vol. 27, pp. 27-52, 1965 e

— ABSTRACT: The aortic pressure curve necessari
E : . . ily reveals th i
e ;}gj‘ofTﬁZepiggéstanf zer1phera] resistance as well as of tﬁem3§::;}§g]o$rg$er;
s flow The? re-son:bg ly uses a reasqnap]e model of visco-elastic propertie Oof
flow to p;edictdan aoriizogreggzr;azlgzgggs isuzgrjph?ra]]resistance e blzog

: pre : . rical value
$g i;geggﬁﬁ?;:llyd?i¥eAavajlaole in the published literatuge? °§n§§2552255 mezsur~_
e aonir ie]dede{ent1a] equations of motions of the system under anagse'
and e aorticy ¢ o to piece-wise solution, giving the aortic circumferenYS1s'
and the, tracinp‘ bure as fgnct1ons of time. The form of both curves res EEI i
clinicel t thang?ﬂ v?t numerIca? values qf circumference were higher and oi ot -
e evae ool vg. Thg d1§crepang1es between predicted and clinical Rres— o
T ey, certain nadequacies in published measurements on visco-elastic Eg;ves 2
Al ofzrements haye been made on longitudinal rather than circum O
e regops ind?gaggnzg;2;ggcde:dsrgther than living muscle. The discre;an- ?}»
vitro. The suggested model of the gygte;naggg e een ortic behavior in
could supply data necessary to substantiate or to revise the model
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2 Apter, Julia T. = ¢ 3
® ' Correlation of Visco-elastic Properties of Large Arteries with Microscopic Struc="" :
® . ture B :
e - Circulation Research, Vol. 19, pp. 104-121, 1966 E
— ' ENrY
¢ »l ABSTRACT: The media of 14 regions of the aorta and 3 regions of the pulmonary e
o "2 artery of dogs were subjected to a step-function circumferential stretch taking = P
@ <% 20 msec to complete. The tension rose synchronously with the increase in cir- =
e -=| cumference, then dropped exponentially to a reasonably steady state within 2 sec.. C
e - A mathematiczl modei, developed consistent with this stress-relaxation curve, S 4
® = showed how to use the tension curves to measure a viscous, a series-elastic and . @
2l a parallel-elastic constant unique for a given curve. These constants were com- = g )
® -Z| pared with the microscopic structure of the same or similar segments; collagen = o :
@7 was determined as hydroxproline in a water soluble fraction, elastin as hydro- ‘".—-
@ - xyproline in the residue and from the width and number of elastic lamellae, and .~ @
¢ - muscle from the nitrogen content of a nonfibrous fraction, from cell counts and .- @
° z from contractility. The constituents varied widely and independently enough to. ' @
>§ permit correlating viscous and elastic constants with microscopic structure. The: ¢
o .z viscous and series-elastic constants were higher where muscle content was high, Py
® - and increased markedly when the muscle was tonically contracted. The parallel- ..
@ - elastic constant was high when elastin was high and in the presence of contrac: L
‘@ - ted muscle, but seemed independent of collagen content, at moderate tensions L
) T tested. C
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h ~- Correlation of Vi - R
1 . of V - :
(@ - teries isco-Elastic Properties with Microscopi e
@ Circulation R scopic Structure of L €
— esearch, Vol. 21 arge Ar-
S = gsT » Yol. el pp. 501-918, 1967 ¢
® RACT: The medi , P
2 tery of dogs a of eight regions of the L
{ @ from vasculga; :;dweﬂ as isolated elastin co??rta and three of the pulmonar «
{9 - tial stretch at 2 Sta??_?rtmurces, were SUbjectedagin; and smooth muscle ob’tlaiiegr- *
{10 = .to a peaig synchronous}j %12; temperatures between 0° Zggp;ggnction circumfe»'ﬂenn & .
e ~ exponential course t the stretch and then fel C. The tension ros {
P steady-state tensio 0 a Steady tension. Suitabl ell along an essentially ¢ .
4 o = plied three temperagargnge;hedtime required to qoef:ig:; Sf Ehe peak tension, the ‘,3
® - acteristic of t ' -dependent parameters ( rom peak to steady stat
j ® - muscle, | _tne material. The two ¢ s_(one viscous and tw tate, sup- o
= , had higher cons wo crystalline pol ¢ elastic) char-
i@ “J elastin, had highe tants at 1ov_v temperatures p‘ )émers, collagen and smooth ®
o -5 muscle in its ine E constants at high temperatu . and the amorphous polymer 3
P ?rteries stretcheg Q?Eht? a!(léonomic drugs and :ﬁS%tCCg};aggn differed from smois -
——3 like smooth y (2% to 20%) i s elastic modulus P osmetn
o - muscle; arteri %) in the presen s. Intact &
= both strain 1 ; arteries stretched mo presence of phenylephrine be T e
1o 5 iters evels, the tensi re (20% to 70%) beh ohrine behaved - g
- Arteries stretch sions developed were %) behaved like elastin. f
1@ _ 300 Hg, behaved ]?Seezg?]more (>100%) to tensioﬁimii,ﬁ;‘;l‘%t‘f th in vive _Drcts;';vesh - "
) s agen. itle with pressures of Coe @
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oL ';
5 ° Computer Solution of Non-Linear nifferential Equations of Motion of the horte &
° 7th Int. Conf. on Medical and Biological Engng., Stockholm, 27-2, 1967 B
o ABSTRACT:  The purpose of this paper is to show that 2 mathematical model based
0" . . : ’ . L
=l on the in vivo behavior of the aorta can generate agrtic pressure curves closely @
@ -= resembling real ones. A secondary jrregularty in the diastolic portion of the =~
4@ = real curve was observed in the mathematical model. 1% ’
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= APTER, Julia T. and Marquez, Elsa

A Relatwn Between Hysteresis and Other Vis
Biomaterials

Biorneology, Vol. 5, pp. 285-301, 1968

4

v

coelastic Properties of Some

l,

[ 2 N J
1 ’ 1
1 l]l I[l
[e1vferaforzocs
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®
®
o
o-- _ . e
{0 - ABSTRACT: The behavior of linear visco-elastic materials may be approximated . @
@ - Dby differential equation of motion whose solution makes it possible to establish. . @

. { @ = 2 relation between visco-elastic parame*zrs obtained from stress relaxation T e

e -  Studies and.those obtained from oscillatory studies. Living tissues behave —d
= Tike lirear visco-elastic materials under same conditions so that parameters -}

L Z may be agetermined from the two kinds of studies and compared with each other -

j ® - toestatlisn the standard linear sclid as a model. This study succeeds in -9
@ - showing the model to be suitable under & 1imited range of conditions for a vari--- @
e -- ety of viable tissues tested in vitro. e
ie® _1 ’ - @
° - °
o b

Yool mi s el TeTal aisT el st hTarak e relizal7ATerB sealer AT Nﬂ?rqfrmrrr-,

9""‘5096"0’\00"“‘00000@00@0990@0'3oo
- — . : }
SN e ARG o A ] .
- e -~ o~ - N
00060&00g€000,¢06hv" 90800930.0000\;.-‘60 1
.,_; EJ“E:'?‘ﬁC :;;1'13:-". IR ””‘Lﬂ”l‘ﬂ‘r“T”'z " |>'-‘;]a['i=l51413|2“t‘*.‘?=~‘6‘i 1
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1 ¢ = Correlatior of Visco-Elastic Properties of Large Arteries with Microscopic HE R
: —  Structure-- V.Effects of S1nuso1da] Forc.ngs at Low and at Resonance Frequencies L9
9= )
® - Circulaticr Research, 22, 393-403, 1968 e
¢ - £
! e = fbstract: dine zortas from recently killed dogs were sectioned into 21 or more - ®
PY T ring segmen:s supructed horizontally on .~ hooks in Ringer's solution. o ®
o ¢
o Absolute dynamic modulus, storige modulus, loss modulus, phase shift, Y
! ® - 4nd loss angle measured from stress-strian 1ons compared favorably with °
I | ®-° similar measurements published for other viscc-elastic materials and with g
@ - viscous and elastic constants obtained from stress-relaxation experinents on =9
. ‘e -, aorta. Ei“ : E
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Apter, Julia T. E)j ¢!
¢ Dynamic Compliance of Living Lungs Before and Aftar Perfusion ENP.
o - Journal of Bicrecnanics, Vel. 3, No. 1, pp. 77-85, 1970 2 e
[ ,L%’-——.
¢ Abstract: In situ lungs of living, anesthetized dogs were ewosed to adequate .= ¢
PY = ventilatory cenditions between short exposures o test conditions for measuring.- ®
1e eyl some dynamic properties of the lungs. These properties include dynamic com- :- @
i = pliance as a function of respiratory cycle frequency and of stroke (or tidal) . ¢
1@ - volume with the Tung tissue in various stages cf pre- and post-perfusion con- ¢
{ —_’ ditions. Between test exposures, ventilatic: was maintained with a respira- - _°
o tory rate of 0-4Hz and a stroke volume of 399 m]. Test expesures for com- 2 ¢ :
{e " puting dynamic compliance as a function o~ frequency were a tidal volume of I O
’ ° j—_.‘i 100 ml and rates from 0-04 Hz to 0-9 Hz 7i a tidal voluse of 100 ml, the o G
2= Tungs behaved Tinearly, giving a sinusciu2l pressure output to a sinusoidal B
' volume input. Test exposures for finding tnc pressure-volume relationship e

| to 500 mi. Histologically verified pulmonary tiscue changes foliowed steady - (.
jeo (non-pulsatile) pulmonary artery perfusion with whole blood for two hours. R
1e-- The visco-eiastic properties were a function =f the condition of the living Soe
vy tissue, R )
. g o Because tne dynamic compliance was a function only of frecuency or of o
J volume or o condition cf the lung, there was no hysteresis in these records, - &
1o e AT LT T T T e in b e G 1 S EUS L ealGiegdl. 1L .
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(. ting otner viscoelastic sys(.l. e > 4 -
-1 methods for tes Qt, ue properties nor interfers with the gas20us E:XCHO?QE o
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) _j Apter, J. T., and GraessleY, W. W., H © '
® ;| A Physical Model for Muscular Behavior i ¢
@ - Biophysics J. Vol. 10, 539-555, 1970 ;- @
R 3l ABSTRACT: A model for muscular behavior has been developed by a generalization *..E‘.'_°
@ - of the laws governing the viscoelastic behavior of polymeric materials. The s o
° _1 mode] simulates events thought to take place during stretch loading, and st1mu1a-—- ©
PR tion of muscle, whether smooth or striated. The equations of motion were solved - ©
= with an analog computer for several types of perturbation and stress, strain, and:. g .
*‘__4 strain-rate curves were generated. Model parameters were selected by fitting _i-
e "z experimental stress- relaxation data. The resulting equations predicted the BaOT
® - frequency dependence of dynamic modulus and phase angle within experimental error. *~
@ -©  With appropriate boundary conditions and suitable values for model parameters, ': @
PO the computed results also closely resembled experimental curves of contraction 9
—.~§—| velocity vs time, isometric tension development vs. time, force-velocity curves, . "¢
"zl and temperature-tension relationsnips. These results call attention to tie re- = o
o "2 lationsnip between the behavior of various kinds of muscle and open the way for ‘-
® --| quantifying muscular behavior in general. l'-“; °
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APTER, Julia T. and Mason, Patricia
Dynamic Mechanical Properties of M
Am. J. Physiol. 221(1): 266-272. 1971

Abstrac;: This study gives a descri
properties of ureters isolated from anestheti

€t /0000600
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ammalian Ureteral Muscle

teeccec. . Jeens

TS

———li 22

r zed dogs and calves, in particular =
the siress response to step-function and sinusoidally osci]latiné strginf A ; 5
step-furction extension strain of a strip of the ur P by i

sharp rise in stress which fell along an essentiall

relaxation) to be followed by a single or b

on temcerature, fonic environment, and strain

eter was accompanied by a
¥ expoential course (stress

y repeated recontractions, depending

: i Tevel. A sinusoidally oscillating - .
strain was accompanied by an oscillating stress whichH sy osciHating =

iner? viscoelastic material)
strain, depending on

strains and at frequencies hicher than .8 Hz Q
system parameters was accomplished by referrin
physical system whict responds to similar stra
that is, with recontraction, phase leads,
strongly resembling ureteral specimens.
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viscoelasticity; smoo-h muscle; muscular properties %
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sometimes led (es for

t and sometimes laoged (a5 <cr muscle) tenind the
: : the oscilliation frequency.
oscillating, was nonlinear since it was not siny

in addition, the stress, though

uantificat on of thece data as T

9 to a simplified, idealized -
ins with similar stress behavior; ~
phage lags, and nonlinearities, thus -
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ATTINGER, Francoise ii.. Peterson, Lysle H. and Gooren. Louis

in Distributing Arteries
try of the Main D.Str1but1Tgh
EngePrzc. 25, p.509, bstract £1800,1965

T ONLY NO PAPER .
?Eszﬁég geometry of th- aorta and of the main d

3tion is of importance for an adequate descript

of the arterial system as well as tor the determinaticr o7

In most of the recent - athematicai medels of th

been assumed that the relative thickness of the

remains constant in all the minr arterwgS.de
the following vessels from 7 doqs were'ﬁxet in
measured for radius and wal@ tn1ckn?ssl‘aor aa
bifurcation, carotid, suvertor Teserterwgi rena
found that in the aorta tnewfao1us to wall thic
from 5.39 at the root 13 7.74 acove t?g renal,3
pifurcation. The results for the carotid were
the renal 2.23, and for the femoral 4.73.
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.D = Arndt, J. 0. , Stegall, H. F. and H. J. Wicke B e
o . Mechanics of the Aorta in Vivo K :
| ® _ Circulation Research, Vol. 28, pp. 693-703, 1971 e
o~ ABSTRACT: The hydrauli i ; e
° 0 ydraulic properties of the unexposed thoracic aorta were studied i
N . udie
PYRE five cats by angiography. Repeated measurements of pressure and diameter were e
P obtained at various distances from the aortic root, and it became obvious that o
- unexposed aorta in cats was more than twice as distensible as the exposed e ®
o 01?meter of the(aortic root, for example, varied by about 20% over apgzjsig?g;?;: _' o
@ - pulse pressure (40 mm Hg); even in the lower thoraci variati
j' .Z, 15%. When plotted as a function of distance from t;’lg igxa Zg:g? g?:m:;(geedeg ‘.
= distensibility voth decreased, and the calculated 1'mpedancé increased Der it - ®
° T 11'-295'3 Chang‘isé 20w§ver, the calculated reflection coefficients were qt.n‘te Zr?n;]t'la ®
e was concluded that geometric and elastic inhom ities i 3 $a 7
® - tend to balance one anotiier, keeping the reﬂecﬁ339253%?3;3523{ §2°§"§§’§n3°"a .
@ - helping to "decouple" the oscillatory left ventricular pump from the static i b
@ -- pheral vasculature. Since the aortic pulse contour is reflection-free duri pegl]- -0
P first 50 msec following the onset of ventricular ejection, it may reh’ablr]?gd' *.C
—= cate !eft vgntr}cu]ar properties and their changes with stress. In severﬁ‘l an}- 1s: o
= norepinephrine infusion was used to elevate the aortic pressuré to hyper‘tensivema > ®
o levels. Mhen compared to hypertension induced by carotid reflex stimulation or e
® =z gﬁchamcal occlu§10n of the. aorta, however, aortic wall properties were'essentiaﬂy' ‘
o -"'féam suggesting that this agent has no important direct effect on the aortic waﬂ.: ’
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. B - - - . N R R I R T I e
XXX | D &
4 _4’0090900000000ooonooooooootoooo:ooo..
300_0oovoeee,,:ooogooooooo-oooo;oooosooou’-o‘ soe"
R oo N ~"z,‘1i '.‘~:‘A”'!7.,'l 2
’_._;__T‘iﬁ,ulazlugm:a':u;‘;:ns:s.,.::;;::athjidw‘m[vsln}mr15{\41!3{’2[1!"0[9|81""“S-Ji= 2, ._.
> = Lo @y
o = @
® - Arntzenius,A. C., Koops,J., Rodrigo, F.A., Elsbach, H. and van Brummelen, A.G.H. = @
e - (Circulatory Effects of Body Acceleration Given Synchronously with the Heart Beat . o
:rq Ballistocardiograph and Cardiovascular. 26:180-187, 1970 < : !
:l , £
@ -~| Abstract:The ballistiocardiogram demonstrates that ejection of blood from the L@
@ -:| left ventricle into the ascending aorta produces a recoil displacement of the e
°. - entire body in an opposite direction. It can be reasoned from this observation - '(
° = that by applying acceleration to the body at a propitious time in the heart Y
;;1 cycle, one might actually enhance this flow of blood from the left ventricle ST
® -\ to the aorta. Two series of experiments on the effects of Body acceleration - ey
@ - given Synchrorously with the Heart beat an circulation are described. The -0
) 5-1 first series employed a mechanical hydrodynamic model, the second series of et
o - experiments were carried out with anaesthetized piglets. ;‘} °
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-~ Some Problems Concerning the Analysis of the Mechani i f
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® - Augenstein, D.C., Sinskey, A. J. and Wang, D.I.C.
@ “-i  Effect of Shear on the Death of Two Strains of Mammalian Tissue Cells
@ -:| Biotechnology and Bioengineerirg,Vol 13, 409-418, 1971
@ -
PY f? Abstract: This study reports some findings on the death of mammalian cells
° | occurring from fluid dynamic effects when they are pumped through capiliaries.
=i The cell strains used were human HeLaS3 and mouse L929, grown in monolayer
L4 =i culture. Cells were harvested and suspensions were pumped through various
-3 lengths and diameters of stainless steel capillary tubing. Viability of the
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cells was assayed by the dye exclusion test. Cells deaths occurred and could be
correlated with either average wall shear or power dissipation within the
capillary tube. L929 cells were found to be more sensitive than HelaS3 cells

at all shear rates tested.
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Two-Dimensional in-Vitro Studies of Femoral Arterial Walls of the Dog
Circulation Research, 22, 829 -840,1968
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Abstract: ﬁna1ys=s of the vascular system have characteristically been based on
assumptions that the vessel wall is isotropic and that its properties and be-
havior can be- 11nearlzed To test the validity of these assumptions, excised e
arteries of dogs were submitted to stepwise straini tangentially and 1ong1tud1na1y
during conditions of control, vasoconstriction, and inhibition of muscle metabo- =
lism. These strains were recorded simultaneously with the associated stress,

and the relations between stress and strain were studied during both dynamic-and -
steady-strain states. The vessels were anisotropic within most of the physiclogical
ranges of tancential and longitudinal stress and strain. During control conditions
the tangential nodulus of elasticity was higher thzn the longitudinal;during
vasoconstriction the situation was reverse! fur wall tensions corresponding to a
blood pressue etual to or smaller than 190 mm M4g; however, above this value
jsotropic behav or prevailed. Vasoconstriction increased the noniinearity of the
stress-strain r»lation, znd decreased the modulus of elasticity of the arterial
wall. The visco:lastic properties of the femoral artery were found to be differ-
ent tangentiall and longitudinally, as evidenced bv a much larger amount of
'stress relaxati » in the former direction than -im the latter.
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BAUER, R.D. and¢ Pasch, Th, Wetterer, E.

Theoretical Studies on the Human Arterial Pressuce and Flow Pulse by Means of a
Non-uniform Tule Model

J. Biomechanics, 6:3, 289-298, 1973.
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Abstract: A tteoretical model of the arteria’ system js described. It consists
of three unbrarzhed uniform tubes arranged in serizs. Using e dicital computer
(CD 3300). bott nressure and flow pulses are corputed 3t certain sites of the _
model on the cas3is of a primary pulse wave resembling the flow pulse in the X
ascending aorta. Tne calculations are perform:u assuming both undamped wave =
propagation and frecu:ncey-cependent dampiny. in each of these assumptions, real .
reflection coef<icients is justified in frequency-dependent damping, are s
examined.

Compued ang natural pulses corresrond well, fi serticular with respect to the
profiles of the pressure pulses. Therefore, the model permits us to clarify the
genesis of the main characteristics of the conrours of human arterial pulses.
The influence of frequency-dependent damping c= the pulse contours, as well as
on the input imnedance is .demonstrated.
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® - Sypporting Tissue Tension and Microvascular Reactions et
1@ -° Microvascular Research, 3, 95-103, 1971 E
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@ - Abstract: The effects of stretch of supporting tissue on resting vessel Tumen :
= size and of its response to standard amounts of norepinephrine were examined in '
e = striated (cremaster) muscle of the rat. Controlled amounts of stretch were im- &
® "' posed upon cremaster muscle using a microtensor device. The amount of stretch L
® - was determined by attaching the tissue via thin (10-0) nylon thread to the il
e - actuating pin of a calibrated (0-1000 mg) strain-gauge transducer. In rats .8
e - lightly anesthetized with pentobarbital sodium (25 mg/kg), after control e
5 T measurement of vessel Tumen and its response to topical norepinephrine, the -
i—!~4ﬂ tissue tension was increased at 8-min intervals, and the measurement repeated - ®
L "z at every newly achieved tissue tension. In 6 out of 10 arterioles in 10 rats, S8
§ ® . lumen expanded (av. 25%) with increasing tissue tension. The vessel response e
@ -/ to norepinephrine increased in three of the expanded vessels, decreased in two, = C
'RE and remained unchanged in one. Two of the vessels showed no change in iumen - ﬁ"
"@ .- but decrease in sensitivity, and two showed decrease in Tumen size and increase —--
) 2 in sensitivity to the drug stimuli. The results indicate that only overt B
; :Lj stretch of suppotting tissue.-150 mg, will affect microvessel size and reactivity, - &
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¢~ Veil_azgl Contractility 1. The Force-Velocity Relationship as an Index of Contrace T e
= tility 5 o
8 = Invest Urol. Vol. 9, pp. 431-437, March 1972 -0
¢ - - @
'f' ° E{ ABSTRACT  Force velocity relations were studied in vesical muscle isolated e
e -~ from the guinea pig. The influence of force (P) and initial muscle length (Lo) [3- @
251 on the velc_mty of shortening (V) were observed. As seen in skeletal and cardiac I g
- rpus_cl_e an inverse relationship exists between force and velocity. Increasing T
"2 initial ]ength.enhanced all aspects of the force-velocity relationship leading 3« C
L Zto greeter maximal velocity (Vmax), velocity at all levels of force, maximal = e,
® -- force {Po), rate of development of force (dp/dt), peak power, peak work, and EL
@ - - extent of snortening of muscle fibers (AL). The time required for the contrac- !i- @ -
res tion to reacn peak tension was not influenced by initial length. The significance e .
o & of the forcg-ve]ocigy relationship as an index of contractility is discussed, t{ i
o = as are 1ts implications in the dynamics of micturition in humans. ; : :
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"% Bergel, Kerek H,, and Milnor William R.
" pulmonary Vascular Impedance in the Dog
Circulation Research, Vol. XVI, No. 5, po. 401-415, 1965

.-

i

ABSTRACT: The experiments reported in this paper were intended: (1) to measure b—
pulmonary vascular impedance in the anestietized dog, using Fourier analysis of  ©
phasic pressure and fiow measurements, (2) to assess the linearity of the pulmonary.
bed by measuring impedance while the heart rate, and hence the pulsatile input =
to tne bed, was varied, and (3) to determine the effect of pulmonary vasoconstric- -

dpe ]

ticn on impedance, using 5-hydroxytryptamine (serotonin) as the vaspconstrictor.
Pulmonary vascular nydraulic input impedance was miasured in 13 anesthetized open-:
cnest dogs with normal,sinus rhythm, and 2 dogs with surgically indeced atrio-
ventricular block, by means of electromagnetic fluvieiers and straim gauge mano-
meters of known freauency response. Tne linearit: of the pulmonary bed was
evaluated by measuing impedance whiie the heur* rate, and nence the pulsatile
input to the bed, vas varied.
s Tne pulmonary bed behaved as a quasi-linear system within the limits of the
experiment. The p:ttern of tne impedance spectrum suggerted that reflections
~ originating from a ‘teries 1.0 mm and ten in diameter play a large role in deter- -~ &
mining input imped nce and its variations with frequency. Vasoconstriction caused:
by any means incre sed wave reflection. =
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{o Danton, Patrica L. and Biggs, Norman L, e
o - . Jltimate Tensile Strength of Fetal and Adult Humas T ENPR
= " Journal of Biom.chanics, Vol. 3 No. 2 ‘2 “endons 3 ; j
o » NO. 2, pp. 181-189, 1970 S I
{eo-- Abstract: Ultimite tensj o
= s ensile ctren oy " [ i
°® fﬁ anjeva]uat1on of the fo]Tc#ﬁu1cr?§2ii:f h:guqbbandtns were deternined with o 1
oo balmed; from su rior 1o or interson i]_mb.u-b(w fetal; embalmed or unem- -
0 muscle cr flexcr muscle. A rather wide o @i’ associated with extensor H
{——=  for all categories of tencons in this ;tusnge“?f tensile strengths resulted P
: 1§ amo?ﬁ several catzgories. y Wi'n considerabie overlapping ;i.?
23 e tensile strength, fov Hum Y
= , ' ' Toauman te
{o-7 found to be ennancedjby emba?mina t Egogi:;$T'b0t“ fﬂflt and fetal sources was - ©
o be tweer the tensi‘e strengths of tendons %m”}i;nt 11 TErence was bserved o
Py Himb.  No significant difference was 0b°5rveg b ¢ s.rerior 1iib and the inferior - o
= tendons associated with f] - eiv2en the tensile strenqths of e
e ° L WILth vlexor muscles and extencr ~yscles i gins ¢ -
2 somewhat greater difference in tensile t tentor ~uscles in the fetus. A —
® {i categories was observed in the adult t; rengnts of tendons of these two e
P -5 musgges demonstraiing the greater te531125§t$§:;;|s ajsociated with extensor é¥ ° i
o - e tensile strength of fetal tend. . ! 7@ |
E ons a ‘ S @
o of adult tendons. ppeared to e somewhat less than that e
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3 Berkley, David A.

e _~ Influence of Intraocular Pressure on Corneal Fluid Pressure, Tissue Stress and
= Thickness

- Exp. Eye Res., Vol. 11, pp. 132-139, 1971 ” Ny
P
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@ - ABSTRACT: In this paper a simple idealized model is defined for the mechanical
@ -~ structure of the cornea of a mammalian eye. The model consists of thin anterior
le 7 (epithelium and Bowman's zone) and posterior (Descemet's membrane and endothe1ium)
-——= Tlayers, which form the front and back boundaries, respectively. of the main body -
'z the stroma. The thin boundaries are assumed to be essentailly force-free while
i ® > the stroma, which is considered as a mixture of fluid and tissue is able to take

@ -- up forces (fluid pressure, tissue stress across the cornea and tension along the

N

1"

@ = cornea). From this model the elastic state of the cornea is studied for varying
intraocular pressure. A simple equation is derived that relates the intraocular
. pressure, the corneal fluid pressure and the thickness of the cornea. It is shown <
. that, under certain conditions, an increased intraocular pressure leads to tissue -
® -- compression on the posterior side of the stroma and tissue expansion of the an-
@ - =i terior side. This may be related to observations showing increased scattering G
“@ 5| from only the anterior half of the rabbit stroma under increased intraocular pres- .
° j;isure. If the high intraocular pressure persists for a long time the theory predicts .
o s1an increase of the corneal thickness. This predietion seems to be supported by =
o Léinecent clinical experiments. .
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BERTHOZ, A. ROBERTS,W.J. AND ROSENTHAL, N.P.
Dynamic Characteristics of Stretch Relex Using Force Inputs
J. Neurophysiol 34:612-9, Jul 1971
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-(Summary) Sinusoidal changes in length and tension were applied to.thg .
ngzigzzeéius muzg1es of decerebrate cgts to compare the transfer ihariﬁte:;?%éisf
between muscle length and tension obtained with both.types of 1npu+. iion e
behavior was studied as well as that of the_mgsc]e tissue after interrup o
the reflex. It was found that within the.11m1t of mean musc!e tension us e
and with the range of modulation frequencies exp10fed ;hgre is ng‘obv1ggz
ference between force and length inputs. The nonlinerities are discussed.
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'v o .= Bing, Oscar n. L., Matsushita, Satoru, Fanburg, Barry L. and Levine, Herbert J. : : '
> ~ Mechanical Proporties of Rat Cardiac Muscle during Experimental Hypertrophy g
® - Circulation Research, Vol. 28, pp. 234-245, 1971 s
o - -- 0!
'@ ._ ABSTRACT: The mechanical properties of trabecular muscles from the hearts of 77 %
] @ _ rats subjected to aortic arch constriction were compared with those from 77 un- - B
{ o _—operated and sham-operated control animals at 1,3,7,14 and 28 days after operation. - °
J = Significant hypertrophy, as evidenced by an increase in left ventricle to body .
v!_‘i‘weight ratio, was first seen at three days (P < 0.02), reached a maximum of 30 to ) °
® -~ 40% by seven days (P <0.001), and remained relatively constant throughout the re-
{ @ “'mainder of the experiment. Depression of isotonic snortening velocity and maximum = @
Uz isometric force of trabecular muscles from hypertrophied hearts was first seen at 9.
° [-seven days. Tnese changes persisted at 14 and 28 days. then alterations in mus- - Q.
~- cle mechanics due to changes in muscle thickness were taken into consideration, —_
® -~ muscles from hypertrophied hearts demonstrated a depressed maximum velocity of = 14 '
® -° shortening (P<0.001), while development of isometric tension was unaltered, The -0
ie ,’7 latter appeared to be maintained at least in part by a prolonged 'contraction time - @ ;
{ @ - as reflected by increases in the time to peak isometric tension (P<0.05) and the <. g :
j—.—ftime to peak "unloaded" isotonic shortening (P< 0.001). Resting tension was in- e
= creased in trabecular muscles from nypertrophied hearts. Tissue hydroxyproline - ;
{@® "= concentration was elevated with hypertrophy. The observed depression in muscle e ¢
41 @ -2 shortening velocity at light Toads may be explained by altered contractile state 7 L
@ - or-by increased stiffness of the parallel elastic element. et @
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-3\ BIRO, E., Rusnakova,M. Rusnak,J. . -
;. = I Device for Measuring Isometri¢ Contractions Mechanoelectrically *
1 b Physiol. Bohemoslov. 15:391-4, 1966 t ﬁor{{s\ <
- i ing isometric contrac ,
® " Abstract: An apparatus and compensating met{nod fordmeasur:lsgd e rooncating . pe
A A ibed Transducer RCA 5734 with a moving anode was . e
. e e taine i i1 of a small electrodynamic reporducer. &
4 @-" force was obtained from a moving coli O o
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). = BLATZ, Paul J., Chu, Billie Mae, and Wayland, Harold 0 ©
= On the Mechanical Behavior of Elastic Animal Tissue e
® > Transactions of the Society of Rheology 13:1, 83-102, 1969 e
o - ¢
{ @ Abstract: In this paper there is introduced a strain energy function which Py
e -~ describes a class of materials that includes elastic animal tissue as well as ¢
P other highly distensible materials. The functional form of this representation
2—= s general enough to suggest other forms that may encompass additional classes ¢
o "4 of material. The theoretical stress-strain curves are shown to correlate well 2
1@ > with experimental data obtained upon loading (as distnguished from unloading) g
@ --| different animal tissues such as frog's striated muscle, human papillary muscle, o
@ -:| and cat's and rabbit's mesentery, as well as synthetic materials such as latex 5 ‘
o - rubber. There is also developed a thinness theory which can be used to caiculate e
= the deformation field in the case of appiied plane stress for the more com- o
] .; plicated geometry of a wedge-shaped (arcuate)specimen. This thinness theory R
® 5| has been applied to a fan-shaped specimen with tangential and radial loading. [
e e
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» f‘lumenthal,B. and Boren,H.
@ -~ Lung structure in three dimensions after inflation a ixati

1.5 AmRev.Tuberculosis 79: 764-772, 1959 nd fume Fixation.

- AB . . : : L
o b ﬂi{iﬁCT"A'Z‘EthOd'Of fume fixation of lung is described which provides an in- s
JL: Ravis] rigid specimen and allows structure of whole lungs to be surveyed €
: 3 ]aﬁ;;s;ﬁ?zko:pggmgzgogg]hcuﬂ:vng,hstaim’ng, and mounting procedures provide O 2
~3 ) which allow the application of a wide varietv of staini SPE

; A ) stai :

*.—_E :':chr_nqges.Three-dmenswnal structure of either the stained or unstained 52;2?- b
o & n is demonstrated by stereoscopic microscopy so that relationships present o e
2 during Tife are more closely approximated. i t @
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> _© Boerth, Robert C. and Covell, James W. : ﬁ} i
® .~ Mechanical Performance anc Efficiency of the Left Ventriclz During Ventricular 2

B -° Stimulation ‘

‘._!
Sinfota]cizguiey
{

Am. J. of Physiology 221(6): 1686-1691, 1971.

T

Abstract: The effects of electrical stimulation of the richt atrium and right
ventricular outflow trast on left ventricular performance snd efficency were
compared in dogs in the isovolumic left ventricle in which end-diastolic volume
was constant. During richt ventricular outflow-tract pacinc there were signifi-
cant decreases in reak left ventricular pressure, peak left ventricular wall
stress, and peak left vantricular dP/dt. Despite :.ese decreases, myocardial
" contractility did not ajpear to be changed by right vintricular stimulation T
since there was no downiard shift of the stress-velocity relationship at Tow o
. stresses., During right ventricular outflow-tract stimulat®on myocardial oxygen =
consumption (MVo,) was unchanged, and the efficiency of the isovolumicaily =
contracting left Ventri:le was decreased. It is concluded that electrical I
stimuiation of the rich: ventricular outflow tract produces in abnormal pattern
of contraction which deoresses the function and efficicary of the left ventricle.
The mechanism of this miy be through altered synchronism of fiber contraction
- without an alteration o7 myocardial inotropic state. 5
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BOREN, Hollis G.
The Development of a Molecular Model of Lung
Arch Intern Med., Vui. 126, 491-495, 1970
Abstract:Many differ nt typeg of lung models, sucn .- mathematical, anatomic, ortﬂ_TSH
Ehy3101091c, have bern used in experimental studies. Whea cnimal models are used
~hejgng is observed under the conditions of contrc!led, integrated cellular P9
actvaty. By adding ihe label tritiated thymicdine ana usirg autoradiocraphy, . ®
obsgrvgd changes can be related to pulmonary celluv 4r kivetics. The cb- 9
servét1ons aré a necessary prerecuisite to understan~ing the control rechanisms 0
gifgglmogirg]uellz. B{ us%T; multiple-Tabeling techniyuas and by measuring the (
S 0or blockade of celluiar control systems, a m :ular moc t .
con e doveroae y ole:ular model of the lung L
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BOIS, Richard M. :
The Organization of the Contractile Apparatus of Vertebrate Smooth Muscle

Anatomical Record, 177,pp 61-78, 1973

i
'

ot
1

1

Abstract: Smooth muscle of the small intestine of the rat was fixed by vascular

perfusion employing aldehydes in a balanced salt solution, followed by immersion
fixation in aldehydes and post-osmication. In such tissue preparations thick
filaments approximating 140 A in diameter are observed in virtually all the
smooth muscle cells. The thick filaments are rather uniformly distributed

among the more numerous thin filaments. The nearest neighbor distances between
the thick filaments range from 400 to 700 A. The thick to thin filaments ratio
is found to approximate 1:12. Only thin filaments are observed in the most dis- -
tal segment of terminal processes of muscle cells and the tips of the these
processes appear to be lined by attachment plagues. A clear segregation of the
thick filaments from both dense bodies and attachment plaques is seen. Distally =
along the tapering extremities of muscle cells progressively more of the plasma =
membrane is found 1ined by attachment plagues. These observations are inter-
preted as strong evidence that the contractile apparatus of the vertebrate -
smooth muscle cell consists of interdigitating arrays of thick and thin filaments -~
collated into contractile units by the anchoring of the thin filaments in dense

bodies and attachment plagues.
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i m, A. B., Van der Rijst, E., Ten Have, J e
1@~ éﬁl;e Eﬁstmty of the Isolated Rabbit )’iea;'tp. ENrS
{e® RET ABSTRAQECT rch. Vol. 314, pp. 163-4, 1970 : . i
i o In . = ;
10 = component of hgﬁr to evaluate the quantitative effects of the series elasti -6
1@ "2 releases were offe ;ﬂuic]e in the intact isolated rabbit heart quick N ? astic .0
{e 3 The pump was cmmegtgd tt))é z‘ﬁ:"?sg‘{az -‘amf‘” pump, which was driven e1ezgr$g‘:1iy S
4 @ 1n : ; ! ed heart by means of . Hy. = :
‘iifkﬁ driszg $1§;alhgp§2;n%, after dissection of the atria. Whgnrlﬁédpggﬂ”:‘a, ligated = €
: J Py Lj‘{ was suddenly dﬂCrea;eé Wh}ﬁh could be effected in 2 msec, the ventrigmgis : e
=l of artificial stimulati e time of piston movement was derived from th yolume - €.
195 Intnis way it wasupg:;?gloftthe heart, after a delay which could be conirngd 2
{0 - ; : ‘ e to examine the whole s A olled, :
e basis, the piston being driven back during diastolzstogm phase on a repetitive = o |
| s werg recorded during the systolic volume alterations ression alterations -9
-] ressure-volume curves were derived . el
-z, vpl ved from the measured relati : z !
® e Pap?ﬁaﬁc;ﬁ?i?z ang :che related pressure drops. Unlike relj]tl‘s’”igbﬁz t;etween e
1'!!‘55 on the relative 11 appears that these pressure volume curves marked] gr SRS
® = systolic Dressurgmﬁgtsm-sysm]e’ at which they were measured. At a %’ﬁgﬁgind 28
o eri i ; Al ! S
{ : - creased. ries elastic stiffness of the ventricle seems to be in- . ®
- Since j ; . S ;
> - series elastic stiffness also appears to be dependent of the preload, : :
i ‘ «P—_———— _-—j .~—_*——*-‘j> “—'——?T_‘_::_—H BT P e S FR T Se=r= p — . I )
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3 Boom, H. B., Van der Rijst, E., Ten Have, J. P. S
P 9%1;8 E1gst;c1ty of the Isolated Rabbit Heart e
le .- ueger Arch. Vol. 314, pp. 163-4, 1970 N
-~~~ ABSTRACT: we examined pressure volume relati ; . e,
{ : - 3?’35";"'{?- It was concluded that systolig]ggg"}zezgrdg;gg:ggtw$gg-gr112it°]]:c e
-. diastolic pressure or volume, which i easing i ;
@ - isolated miscle experinents ich is the reverse as would be expected from e
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> = Boone, Alex W. and Albert G. Smith ‘5.) °!
= The Elastic Properties of Normal Ureter 7ol
® "~ J.Urology,73:3,481-486,1955 Ei
o EXY
® L_, Abstract: Physiologic demands upon the ureter extend beyond passive conduction 3~ [
@ - of urine from kidney to bladder. While the characteristics of ureteral tone, 2. @ |
° S5 peristalsis, and innervation derangements have been extensively studied, the CIP Y
};1’ functional significance of ureteral elasticity has not been investigated. We 5 C
' _._;J are aware of the role played by blood vessel elasticity in hemodynamics, but ek
e ,-J the place of elasticity in ureteral physiology is not clear. This study was i C
® °' designed to evaluate the normal range of ureteral elasticity and correlate the 3> @
@ -- physical characteristics with the microscopic structure. iz @ !
e -~ (SUMMARY) Ureteral tissue acts as a biologic elastometer. 1‘@{ ol
P The histologic characteristics of ureteral elastic tissue have been described. - S—g7j
Zl Ureteral elasticity diminishes with age, but elastic fibers alone do not account = X
® > for this change. : 3= 0
® - There is nc correlation between age, sex or race and the amount of elastic tissue ¥ €
e = jdentified by histologic techniques. B
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> - BOUHUYS, Arend and Karel P, van de Woestijne -0

@ . Mechanical consequences of airway smooth muscle relaxation - @
® _ J. Appl.physiol. 30(5): 670-676, 1971 e!

F N = }
i ¢ - Abstract: We measured lung volumes, airway conductance (Gaw), maximum expiratory-. ¢ ’
1@ - flow-volume (MEFV) curves, isovolume pressure-flow (IVPF) curves, and static ey
4@ - 7ung recoil curves in healthy volunteers before and after inhalation of a bron- -- @
1@ . chodilator drug. On the average, Gaw at 50% VC increased 34.7% Gaw/TGV ratio e
i‘;‘— increased 33.9%, maximum expiratory flow at 50% VC 9.0%, and FEV, ,3.6%. TLC, (

| PO VC, peak expiratory flow, and static Tung recoil pressure did no‘:'@hange signifi- = o

i = cantly. In a few subjects maximum flows on IVPF curves decreased slightly after - .
] ® = bronchodilation. These results fit the hypothesis that bronchodilation renders .= ﬁ
1@ - large airways more compressible in man in vivo. This limits flow increase during &
1 @ -- forced expiration and may even result in decreased flows. The increased Gaw Ioe
{e .=, during panting reflects increased airway caliber which results from relaxation :. @ .
i @ -: of tone when transwural stresses are low. Our results suggest that normal T e
= airway smooth muscie tone in man may help large airways to withstand dynamic = ® ‘
3 _:__1 compression during forced expirations. _,M;f
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o = li”o‘?r'Stm, g.B., Hayes, J.R. and Goldman, D.E. i e {

- Injury mechanism of internal organs of animals exposed to si i i i "

® -~ Aerospace Medicine 37: 22-28, 1966 P usoldal vibration. e

P - @4

- - > Y ?‘—.—-—-;

° —9 §BST¥.22CT. High speed X-ray cinematography has been used to determine organ motion ¢!

s in y; rated Cats. Data processing with a motion analyzer and a computer permits - @

ot oj repi analys!s of X-ray photographs. Results of experiments at several amplitudes ©° @

:! and frequenmgs are compared to show wae distortions due to heart-lung-chest o ¢

e g wall 1nteract1ops and freque(\cy response characteristics associated with the gt

Py H means of restraint of the animal and the way in which the vibratory motion is im- = ¢,

°: pr’esseq. @mss and.m1croscomc.patho]ogica] studies as well as some chemical e '

° e determinations provide correlation of mechanical response and tissue damage. B
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® - Determination of Viscoelastic Moduynof Arteries E [ !
® "_ ). of Biomechanics, 6:6 711-718, 19 ’ " e
®-- ial wall, motivated by wave propagation findings, <—g-
"® -- ABSTRACT: A model for the arterial wajh iscoelastic, orthotropic, prestessed - o
T s developed. The wall is taken to.beda \12 any pr;stress level by ten incremental
° = shell which is materially characterize aénd y prast bropzgation characteristics - @ -
{o "= moduli. By using the momentum ﬁquigoxyduﬁ are found in terms of the three wave ER
® - for three axisymmetric modes, t eff- jents ard the prestresses. BN
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5 BRUTSAERT, Drk L., Claes, Victor A. and Donders, Jan J A, =9
‘? _—’ Effects of Coatrolling the Velocity of Shortcning on Force-Velocity-Length and - o f
® " Time Relations; in Cat Papillary Muscle--Velacity Clamping : ® |
@ -7 Circulation Rsearch, 30, 310-315, 1972 2- 9
e - e
@ . Abstract: Arw technique--velocity clampir --was used to study the effects of o
° T . a constant total velocity of shortening on the irterrelation between force, »
= velocity, lencth, and time in cat papilia.v ~uscle. With decreasing values of ‘
,’_; clamped total veloc ty, the duration of tna contraction increased but never - 9
{10 "o, exceeded the curation of an isometric contractior. Hence these findings confirm L
® - that the mode of contraction--isometric or jsowcnic--has a marzed effect on the 3
@ -- duration of tre cortriction. The active state.cc1 be proionged when less short- N
e - eningof the ruscle. The data were also plottel on a three-dimensional graph 9
P and compared with velocity-length tracings o/ af%arloaded contractions.The force- ¥
> length trajectories of the muscle during ve’ocity clamping did not fall on the @
® " surface descr:bed by the force-velocity-lengin rzlations.as derived from after- - o
ﬁ ® - loaded isotonic contractions. This finding could he ascribed to the masking el 1
@ - effect of the series elastic component due to the continuous adjusting of the e §
P & load. ,. E:*O- i
>. - series elastic element; contractile element; active state; myocardium;contractility ®
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= Active State in Cardiac Muscle Te!
® . Physiol.Rev. 48:570-600, 1968 el
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= . . L@
® - Abstract: A quick stretch was a substitute for allowing a muscle to shorten :
it . e . . . . .
@ -~ slowly against the rising tension of its series elastic component. It showed = i
® - how very early the active state reaches its full intensity after a stimulus. ¢
== This started a spate of experiments and speculations on the "active state", not E
o "=l always well considered; in the end one begins to wonder whether the term has any --
® - exact meaning! B
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Brady, A.J.
Mech)alm cal Analysis of Cardiac Contractility.
UCLA Forum, Med.Sci. 10:139-47, 1970.
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= Length-Tension Relations in Cardiac Muscle Sl
:_Zii Am. Zoologist 7:603-610, 1967 S : ;
° H Abstract: The distinguishing mechanical characteristics of cardiac muscle are g 9!
e (1) the presence of a significant and sometimes labile resting tension at EIP
.\!;{ functional lengths. Certain invertebrate skeletal muscles also possess this & ® ;
__j..j_l. property, but the structural basis seems to be different.(2) Force-velocity P
L '?'; characteristics of heart muscle are labile and constitute a mechanism for =~ €
® .| regulating cardiac performance. (3) Data on quick-stretch and release show -
@ --; that the active state in heart muscle is slow in its onset, probably proceding = @ -
e -~ the development of isometric tension by only a short time. The onset of the active-_ P
T— state is labile also, and probably forms the basis of the regulatory function of ;———'~
= the force-velocity relation.Measurements of heat show a slow rate of increase of =
L = heat during a twitch consistent with the onset of contractility. H L4 '
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- Brandi, Giorgio

~.Theoretma] Considerations on the Response of Lung Tissue to the Acceleration of -
- Qravity

__;EJRespiration Pnysiology. Vol. 9, pp. 356-370, 1970

ABSTRACT Krueger et. al.'s hypothesis that the response of the lungs to accelera-L
: tion is a) similar to that of a fluid, b) having the same mean density, was dis-
: cussed considering separately tne physical basis of a) and b). The validity of
%, a) is sustained by the fact that lungs (wnich by themselves have some finite
——= rigidity) are enclosed by tne far more rigid chest wall; in this condition "shear"
f~supporting forces may oe negligible as they are in fluids. The part b) of the
= hypothesis is tneoretically untenable and was substituted with the assumption ol
L] "‘tnat tne density of any norizontal layer of lung is related with the correspond1ng '
@ -“irecoil, (or tne local transpulmonary pressure, P) in the same fashion as it E
"‘Tfi1s in who]e Tungs. If the Tung density increases with vertical distance (h) from
= the top of the lung, the P-h relationships become curvilinear, convex towards the
=i pressure axis. The experimental P-h curves are too different from each other to
2 allow conclusions; apart from its validity the scheme presented has the merit of =
s relating pressure, expansion and density of the lung with height coherently with
the assumptions used. These concern the physical properties of the chest wal)l [
1and the pleural boundary as well as those of the lung. .
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BRADY, Allan J.

Time and displacement dependence of cardiac contract111ty problems in defining
the acti ve state and force-velocity relations

Fedr.Proc. 24:6, 1410-20, 1965.
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| o |7/ Besonderheiten des Herzens als Pumpe (II. Mitteilung) (Ger) i
195 Helv. Physiol. Acta 24: 77-88, 1966 &
® & e
® 3| ABSTRACT: The starting point of the present investigations were the findings--in>- @ |
@ 5| isolated heart preparations of cats--that a) one-sided increase of the aortic E
@ 5| resistance by consecutively increasing the aortic pressure causes an increase B
® - in the minute output of the opposide side, i.e., right heart, whereas b) onesided :-—_
i increase of the resistance of the A. pulmonalis by consecutively increasing the y S
® 5| pressure in the A.pulmonalis causes a decrease in the minute output of the s 9y
® -5, opposite side, i.e., left heart. e_?;.‘ @ |
o By systematic variation of the different parameters it could be shown that the -. @ |
PYE above findings are not the results of the experimental set up but, rather, must j‘*. :
J . . . . N A z i
PE be due to intrinsic principles of the heart itself. ‘(the summary article in German) '
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43 BULLER, A.J. and Lewis, D. M. i ®
{82 The Rate of Tension Development in Isometric Tetanic Contractions of Mammalian 3 @
Jo Fast and Slow Skeletal Muscle 1 e
i—.—t J. Physiol. 176, pp.337-354, 1965 I
° ]
195 Abstract: (summary) The responses of soleus (slow) and flexor hallucis longus i o
@ -5 (fast) muscles of the cat have been examined following both repetitive and double: LR
® -5 stimulaticn through the motor nerves. G- e
e-° The maximum rate of rise of tension during tetanic stimulation increases with “(
® |** increase of stimulation frequency to approximately 300 pulses/sec in soleus and T o7,
i 600 pulses/sec in F.H.L. 5. o i
¢ j= Two-stimuli experiments show that the earliest observable separation of the =l i
@ - mechanical response following two stimuli from that following one stimulus - @
1 @ -- occurs at approximately 3.5 msec after the beginning of contraction in soleus i~ @ ! :
@ - and approximately 2 msec in F.H.L : » .o |
e --  These results suggest that ifa plateau of active state is reached in sarcomeres= ¢ !
P following a single stimulus its duration is shorter than 3.5 msec in soleus and = o
_:. 2 msec in F.H.L. S
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Brutsaert, Dirk L. and Sonnenblick, Edmund H.

Force-Velocity-Length-Time Relations of the Centractile Elements in Heart Muscle
of the Cat

Circulation Research, Vol. XXIV, No. 2, pp. 137-149, 1969

ABSTRACT: The instantaneous force-velocity-leagth relations of the contractile
elements of the cat papillary muscle have hzen obtained by determining the

IS

tonic contractions and correcting these mcacuraments for the series elastic
extension auring thz isometric phase of contraction. Tne ioad-extension curve

of the series elastic component was cttained by quick release. The velocity-
length relétions for a given load were indznendent of initial muscle length and
largely incependent of the tire after stimulation. Velocity-length traces at

Pt

e oo
'

sity of the active state. Thus the surface created by the instantanzous force-

i

'

tractile e’ 2ment of heart nuscle. Further, che iinear length-tension relations
observed fcr the contractile element permiis an estimation of the maximum de-
velopment ¢f isometric force with the creation of truly nyperbolic force-velocity
curves. Linitations of velocities obtained foliowing quick releases have also
been noted.
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CAREW, Thomas, . and Caishnav, Ramesh N.and PFatel. Dali J.
Compressibility of the Arterial Wall

Circulation Resz2arch, 23, 61-68, 13€8

'
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Abstract: The assumption of incompressibility has often been applied to the
analysis of artarial-wail elasticity: however, the supoortwng ey1deqce has been
incomplete. The present stuay was designed‘c:‘nxolore this probagm in grgater -
depth by accurately m225dring the changes in i.ssue volume qssoc1gted w1ph large
induced strains on 11 thoracic aorta seaments excised from dogs. The radial
circumferential, and lcrngitudinal strasses were raisured as the artery was
subjected to ar internal pressure and longitudinal stretch craater Fhan those

in vivo. From these data it was possible to cciculate thehvdrostatic stre§s.
Similar studies were also carried out on the PDOOm?Qa] aorta and the carotid,
jliac, and puliranary arteries. The vo1umertric';tfu1ns observed were of the same
magnitude. It is concluded that for most practicai purposes arteries may be con-
sidered incomprassible.
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hydrostatic stress, hydrostatic strain, bulk modulis, shear modulus, volumetric
strain, deviatcr stress, deviator strain
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velocity-Tength relations serves to define a given contractile state for the con- -
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varying lergths diverged only late in contraction because of a fall in the inten- ;;
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Burkett, Lee Nelson
Causative Factors in Hamstring Strains

Medicine and Science in Sports, Vol. 2, No. 1, pp. 39-42, 1970
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- ABSTRACT: The possibie cause of hamstring strains was investigated in football

= players and track athletes. The subjects were divided into those who did

- (experimental) and those who did not (control) sustain hamstring strains. Five

= members of the San Diego Chargers Football team and 12 track athletes made up -
e the experimental group while 50 athletes were used as controls. Three tests, g

- cable-tension knee flexion, cable-tension knee extension, and the sit and reach .-

i were administered to each subject. Two strength re]at1onsh1ps were found sig- E
Er nificant at the .05 level. These relationships were concerned with the strength :=-

& between the hamstrings, and unequal flexion-extension strength ratio. 13-
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- }q Electron Microscopic Visualization of Proteogylcans and Collagen in Bovine
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® -© Calcified Tissue Research 13:2, 83-93, 1973
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2 Abstract: A simple experimental scheme i
£ 3 2 _ is described for the determinati
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~I S 0 3.5 sec™'. This is the first such work known t

—_ . . . . i 0 the
_;—;2u§h1;fd{nam1c range, and is considered a necessary step toward a quant?ggggcz
: y raumatic rupture of the aorta, The results indicate a definite

= stiffening of the tissue with increasing r-: i
= ffe ! sing r.ze ; i
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COVELL, J.K., Taylor, R. R. and Ross, J., Jor. ML
Series Elasticity in the Intact Left Ventri-le Determined by Quick Release
Technique.
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Abstract On'y No. Paper: In isolated muscle, the series elastic component (SEC)
can be anal 'zed by determining the iength chances following quick releases to
known loads during contraction. The characioristics of the effective SEC of the :-
intact left ventricle (LV) were determinad Ly 2 quick release method in 7 dogs -
in which the LV conuracted isovolumicaliy =jairst a balloon inserted via the *
mitral annulus. During active contraction, sequential withdrawals of 0.5 to 7.0

ml of fluid were pertormed rapidlvy (5-1¢ msec) by an electrically-timed, mech-
anical syrirce. The caiculated reductions of “r2 LY midwall circumterence were
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- pressure, R=internal LV radius, h=wall thic'.ness). The resulting load-extension
= curves were exponential, and the reciproca's o their slopes (dT/d1) were linear-
2.y related to T; d7/d1=28.8T (range 16.2 ©0 38.3T). The inaximum extension of B

"® -5, averaging 7¢/6 mm Ha (systolic/end-diastolic; range 66-107/0-15 mm Hg). The
4 @ - load-extension curve was unchanged by varyinc tae time of release and by nore-
P pinephrine infusion. These data support 2 medel for the intact LV that contaiqs
o 3?3;<3p‘quan??”$EC’ the characteristics gf yhich fgsgmple those of jsq]ated caré;ac =
. ' ' '
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coMBS, R. G.
Analog Simulation of Thick Walled Blood Vessel Model
7th Int. Conf. on Medical and Biological Engng., Stockholm, 27-2, 1967
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Abstract: When conditions are normal, blood flow to tissue is controlled by
changing the diameter of small blood vessels, especially arterioles and
pre-capillary sphincters. The vessels are thick walled and have such large
diameters that the stress-strain relationships are nonlinear. A mathematical
model has been devised to describe the relationship between transmural

pressure and radius for a small segment of vessel. At this time there are

no quantitative experimental data which can be used to verify or rullify the model
which was run on the analog computer.
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Cox, Robert H.

Determination of the True Phase Veloci i
. : c s
— Circulation Research, Vol. 29, Octobe:*t)?l;;lf Arterial Pressure aves in Vivo
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A3STRACT: Results of simultaneous}
: ' Yy recorded pressure, di
g;zfggiggla;agress$redf€om an arterial segment were studiégnzjegéuflow e
applied to pressure propagation in the f
zed dogs. Experimental values of i pared Tavooess
. : : phase velocity compared favo
xilue2n2;§$}Cted from a theoretical wave propagation model. T;:b;hase velocity u
na rgd/sec {tcggiiggiegor rrsquencies over 35 rad/sec. At frequencies belg; Y =
rad/sec, rapidly with decreasing frequenc T %
variations of tne true and apparent ties ¢ 1 euengy
e ty phase velocities we ifi i {
gxqﬁgﬁgjc‘gg?zg;c]mpegance of toe femoral artery was ;‘ewzggng;ﬁi?;rl‘yoixfferent.-~~'
riy independent of the mean arterial i |
depe pressure, Hij
:;l#eihgzetgi loca1_f]u1d 1mpeqange above 50 rad/sec were significagzljr?gxgccy
Se " those cbta?§ ig?ggﬁ%zrczf1c 1mgedance. It was concluded that the method can —
to ¢ ues S . ) =
range. from in yivo ranente VeluE of phase velocity in the physiological frequency:
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S 2l An Electron Microscope Study of Elastic Tissues a, ®!

“Zl Proc. Royal Soc. London B. Vol. 155, pp. 232-242, 1961 5 '_«%
o= e

~ ABSTRACT: Histological Elastic Tissue from the Aorta, renal ar:tery, skip, liga- 2
® \»H mentun flavum, epiglottis, pinna and vocal cords of man at various ages nas (o

o e T

e e TT———— e T T -
. -

&7

i peen examined in the electron microscope. The aorta of the rabbit and the liga- - @

M A‘j mentum nuchae of tne sheep and the goat have also been 1nspecteq. The elastica . ¢
—!lea has beer studied in thin sections of the whole tissue and g]so in the charac- =T g
® -3 teristic appearance in the electron microscope. The elastica was homogeneous - e~
{ @ % and of low density except for the surface zone. There were neither Jongitudinal = o
@ - nor cross-striations. There was no evidence of a t@o-gonponent sygtem_of e
.f-- elementary fibrils and amorphous cement substance v_nthm the.elast1c fibers. 3:-_!
——-75 Wide angle X-ray diffraction studies of elastic t1ssue’1so‘lated from human = ¢
® -5 .ortas of various ages, human 1igamentum flavum and sheep ligamgntum nuchae 7 ¢
e gave the same picture - two fairly broad haloes at 4,6 and 7.8 A, The stretch1n952 o
® -2 of the sheep Yigamentum nuchae by 100 and 150% §1d not cause crygta!l1zgt1on to = .
Qvﬁi occur. The X-ray diffraction patterns of e}ast1c tissue were quite un}1ke' =%
] i"“ these of collagen. These findings agreed v'nth.the appearance of elgs‘uc tissue i ® :
° = a5 seen with the electron microscope and with its recognized mechanical proper- Ly
= ties. T !
le” -e
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COX, Robert H.

Wave Propagation Through a Newtonian Fluid Contained Within a Thick-Walled,
Yiscoelastic Tube

Biophys., J. 8, 691-709,1968

Abstract: The propagation of harmonic pressure waves through a Newtonian fluid
contained within a thick-walled, viscoelastic tube is considered as a model of
arterial blood flow. The fluid is assumed to be homogeneous and Newtonian,

and its motion to be laminar and axisymmetric. The wall is assumed to be iso-
tropic, incompressible, linear, and viscoelastic. It is also assumed that the
motion is such that the convective acceleration is negligible. The motion of
the fluid is described by the linearized form of the Navier-Stokes equations
and the motion of the wall by classical elasticity theory. The frequency
dependence of the wall mechanical properties are represented by a three para-
meter, relaxation-type model. Using boundary conditions describing the continuit
of stress and velocity components in the fluid and the wall, explicit solutions
for the system of equations of the model have been obtained. The longitudinal
fluid impedance has been expressed in terms of frequency and the system para-

meters. The frequency equation has béen solved and the propagation constant also ':

expressed in terms of frequency and system parameters. The results indicate
that the fluid impedance is smaller than predicted by the rigid tube model or
by Womersley's constrained elastic tube model.
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Cox, R. C. and Little, K .
An Electron M1crosc1pe Study of Elastic Tissues
Proc. Royal Soc. London B. Vol. 155, pp. 232-242, 1961
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ABSTRACT (continued): The elastic tissue was arranged in the form of networks
composed of branching and anastomosing fibers. The network was either loose
as in connective tissue, or dense as in the expression in the fenestrated
membranes and sheets of elastica. The fibers varied considerably in diameter.
The network arrangement was repeated at the level of magnification of the
light microscope.
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Cox, Robert H. . =l @ i

Estimation of Pressure Gradient by Different1a1 Pressure

Journal of Applied Physiology, Vol. 29, Wo. 6, pp. 904-906, 1970
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ABSTRACT: The analytical aspects of the use of differential pressure-as an
approximation of tie pressure gradient have been considered in detail. Equations
expressing the relation between the differential pressure and the pressure .
gradient, and tne propagation constant and the distance between pressure measure- =
ments were developed. Measurements of intra-arterial pressure, differential
pressure, external diameter, and blood flow rate were obtained from the femoral
artery of anestnetized dogs and used to compute fluid impedance and apparent
phase velocity. A comparison of these two variables with the theoretical
prediction of a nemodynamic model supports the conclusion of the analytical
study tnat the differential pressure is a good approximation of the pressure
gradient for the computation of fluid impedance provided the product of the el
propaoat1on constant and the 1ength of artery over which measurements are made -
is small. uUn the other nand, it is not a useful approximation for use in com-

puting the velocity of propagation of pressure waves directly from intra-arterial
i3, pressure measurements.
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- Wave Propagation through a Mewtonian Fluid Contained within a Th1ck-WaHed Visco- -- @
-7 elastic Tube: the Influence of Wall Compressibiliy EY
{o-~ Journal of Biomechanics, Vol. 3, No. 3, pp. 317-333, 1970 @ ®
® - mpstract: A previously developed model of wave propagation in a thick-walled in- 7o ,
40 ° compressible tube is extended to include wall compressibility. The motion of the = L
{jeo-- fluid is assumed to be described by the linearized form of the Navier-Stokes e
@ - equations. The motion of the wall is described by the equations of classical elas--. @
@ - ticity theory. The frequency variation of the modulus of rigidity is described e
- by a three parareter relaxation-type model. The Poisson ratio is assured to fo,
¢ . be a real parameter. The solutions of the egquatiors of motion are restricted to s
{ ® - axisymmetric loag waves. Boundary conditiuic are used describing the continuity @
@ - of stress and v2locity components in the fluid and the tube. From these bouncary -9
® - - conditions, a sat of six simultaneous equations in six unknown constants has been . 3
° < obtained. This set of equations nas been solved numerically using a digital com- ?
° < puter and the p-opagation constant and hydraulic fluid irpedance determined as a - »
~ function of frejuency and system parameters. For constant values of the modulus
_!_,‘g, of rigidity, a lecrease in the Poisson ratio causes in increase in the hydraulic 2
© - - fluid impedance, the fluid resistance and the fiuic inductance. A decrease in the 3
@® - Poisson ratio d2creases the phase velocity of the two roots of the freguency Y
@ - equation. A de:rease in the Poisson ratio decreases the transmission per wave- a
P = = length of the f’rst root but 1ncreases that of the second root The effect of 3
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Cox, Robert H.
- A Moqe1 for the Dynamic Mechanical Properties of Arteries
J. Biomechanics, 5:2, 135-152., 1972
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Abstract: A phenomenological model is used to re reseﬁt fhe f

of the mechanical properties of arteries. The.mcgel was testegegzeggzhgﬁgiggence

~ properties datg derived from simultaneous measurenents of intra-arterial pressure
and external diameter from surgically exposed femoral arteries of anesthetized
dogs.' The average values and standard errors 2t the viscoelastic data for control

- experiments were: Young's modulus, 18.0 x 10°(+ 1,2) dyn/cm®; modulus ratio

- 1.4(40.1); and radius/wall thickness ration, 5.2(+0.4) at a mean blood pres;ure

- of 137(15) mm Hg. It was found that a model consisting of a spring in series with
a Voigt element adequately represented daia from experiments where the funda-
mentg] heart freauency was 2 Hz or more. But when the latter was 1 Hz br less

- 2 Voight elements of different time constants, in series with the spring were,

- necessary to represent the data. The reason for *his observation was that in the

. Tow hgart rate experiments there are a larger number of significant harmonics pre-

senp in the Dressure.and diameter records and a< a result more extensive data were

ava11ab!e for analysis. The values of the various viscoelastic parameters obtained

{?22r§21ieworl were found to be in reasonable ayreement with data in the '

- ure,
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CRANE, H.D. ) . _
Switching Properties in Bubbles, Balloons, Capillaries and Rlveoli

J. Biomechaiics 6:4, 411-422, 1973
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Abstract: ‘'levices made of curved elastic membranes can exhibit switching pro-
perties sim lar to those of neon bulbs, tum el diodes, and other e]ec@ronic
devices hav ng N-shaped current-voltage choracteristics. It is the existence of
a negative-slope region in the pressure-velume characteristic--cg]leq the . :
Negative-resistance region in electronics- that produces this switching behavior. .
Negative-slupe regicas are found in the prossure-volume curves of scap bubb]eg,
comman rubber balloons, biood vessels, ind the alveoli of the Tungs. The basis
of the negative-slope region is discussed, 711 some of the relevant literature
dealing wit1 on-off (or open-closed) switchiny control in the circulatory and
respiratory systems is reviewed. It is show. that the abrupt switching that‘
occurs in connection with an N-shaped pressuto-volume curve is characteristic
of normal rnysiological functioning.
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.= Crichton, John L.
{e-: ’

1 Tensile Strength of the Umbilical Cord
.‘gg. Am. J. obstet. Gynecol., Vol. 115, pp. 77-80, 1973
Q~E ABSTRACT: The tensile strength of the umbilical cord has been measured, and an
@ -3| attempt was made to relate this to placental or fetal factors. Two hundred cords - -
° &1 were examined from term spontaneous vertex deliveries. The avera
o :-:- to rupture the cords was 12.9 pounds (

5.88 Kg) with a va
(1.81 Kg) and 24 pounds (10.89 Kg).

riability between 4
_ The majority of cords ruptured at their
{ @2 placental insertion. Mo usefyl relationship was found- between the cord strength
® | and the weight of its placenta or infant, and there was no relationship between
® -7 the cord length and its tensile strength. If the tensio
{e "_‘i exceed 7 pounds (3.18 Kg)

}

n on the cord does not
during controlled cord traction, then the cord will
rupture in only 2 per cent of cases,
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CROSFILL, M.L. & WIDDICOMBE, J.G.

Physical Characteristics of the Chest and Lungs and the Work of Breathing in
Different Mammalian Species

J.Physiol. 158: 1-14, 1951

SR Telenador

T

Abstract: The authors have assessed the mechanical properties of the lungs in a
four individual animals of each of the following species: mouse, rat, guinea-pig,
rabbit, monkey, cat and dog,, to see if the values are consistent with the
interspecific differences in breathing pattern. Apart from applying the

results to the optimal rate hypothesis, the results are values for

commonly used experimental animals which may be worth recording.
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® "= Crowe, Alan L ° |
@t A Mechamca] Model of the Mammalian Muscle Spindle Ehy L
> <3 J. Theoret. Biol. Vol. 21, pp. 21-41, 1968 - @
o e i B
PYED ABSTRACT: A model is set up which has properties similar to those of the Y
- mammalian spindle. In particular, stimulation of the spindle by motor nerve = .
® ! fibers produces effects accountable by way of changes in the visco-elastic’ [
® 5| properties of the intrafusal muscle fibers. _g: e
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~ A MECHANICAL M0 e
DEL OF MUS 3
= OF THE MAMMALIAY : CLE AND ITS ApPLI( : - @
@ - Journal of Biongc:grsygig SF;IIIJDLE ATION, TO THE INTRAFUSAL FIBRES el
® » Vol 3, No. 6 B
o = Abstract: A three-con 6. Pp. 583-592, 1970, r-%
= =Component m (= .
o E?g‘ﬁ?:i”ﬁecg?n%_t eir va]uesogﬁlnozh:h;umufd? is used in which the i .
o by Ae elastic components ¢ scle is stimulated I
{o it the unstreteched Tengths hange nec only their moguli of oo 3
- State. When th ecrease when 0aul1 of elasticit -
: . € model is extend the muscle is j JETty S ‘
® - Mammalian muscle spindle it ended t6 the intrafyusal mye n the active E B
o= to mechinical stretch ande can reprsduce some of the'-"g;f]e fibres of the BN
4__.__’4' usimotor stimulation. served responses .— g-
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o 5 DANIELSN, D.A. o
= Human €<in as an Elastic Membrane [
Sh J. Bicmachanics, 6:5, 539-546, 1973 o
- , . . . . e
® ! Abstract: The eauations governing th. deformation of human skin are derived. >
e First, the equations of an anisotropic, elzstic membrane undergoing large de-
P formac®ans are recorded, idext, the kinematical condition is derived which re- -9
P stricts the skin to slide over the su: face of a rigid foundation. Last, stress- 0!
_!_.'.;. strain relations are preposed which fir the known-experimental data for skin. e
L T As a special case of this theory, h. equations of a simple model for the e
@ ' flexure of a juint are solved. In anorer special case of the theory, the
e equations of a homogencus, isotropic, eiastic membrane lying in a plane and h Q
P undergoing small deformations are solved by complex variable techniques for ©
. the case of a large sheet having a circa.zr hole and subject to biaxial tension . ©
=oat infinity. Finally, some problems of interest to physicians and plastic e
! I “Z|  surgeons are discussed. ’ 7.9
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® _ Danielson, D.A. E ) '
® - Stability of the Thin Elastic Shell Model of the Red Blood ceN el
Sy .~ J. Biomechanics, 4:6, 611-617, 1971 B Tel
e o : X el
: = Apstract: Fung and Tong have recently explained the sphering of red b!ood cells = o
) = in hypotonic solution by showing that a thin-walled elastic membrane with the 2T
4 ® - right extensional stiffness and surface tension “istribution willl swell into a e
! ® - sphere under internal pressure. In this report we investigate tie stability of - @
® - the spherical state of Fung and Tong's model b+ applying the static energy e
e - criterion, which requires a determination of thz sicn of the quairatic terms in "= =
° - the potential en2ray functional. It turns uut that a spherical ze11 model w1th' e
. radius less thar. tnat of the equatorial radius of the original sndeformed cell is
o = indeed stable, “f and only if the supposedly arbitrary elastic parameters In the ;_j .
® - model are restrcted in their possible range of values, . N
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D1amond George Forrester, James S., Hargié, James, Parmley, William W.,
Danzig, Ronald, and Swan, H.J.C.:
Diastolic Pressure-Vo]ume Relationship in the Canine Left Ventricle
Circulation Research, Vol. 29, pp.267-275, 1971
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ABSTRACT: Analysis of the passive pressure-volume filling curve of the left .
ventricle demonstrates that heart size and ventricular geometry exert major ef- -
fects on the pressure-volume curve in the absence of changes in intrinsic mus-
cle stiffness. Because the pressure-volume relationship is curvilinear, both
quant1tat1ve and qualitative comparison of pressure-volume curves from different
hearts is difficult. In the fresh isolated canine left ventricle, the pressure-
volume relation was found to be almost perfectly exponential throughout a range :
of filling pressures from 5 to 30 mm Hg. Therefore, a precise linear and quan-
t1tat1ve expression of the pressure-volume relation (dP/dV = aP + b) was deve1op-—
ed (r = 0.995). The effect of isolated changes in either initial ventricular .
vo]ume(nean na = 3.1%) or ventricular geometry (mean na = 27.1%) upon the slope, -
or a constant of this function was small in comparison to changes induced by
rigor mortis (mean aa =45%). It was concluded that the a constant was primarily:
affected by changes in left ventricular wall stiffness. ~In this manner, com-
parison of the pressure-volume relationship from different hearts is possible,
and the contribution of changes in wall stiffness may be quantified. <
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Diamant, J., Keller, A. Baer, E., Litt, M., and Arridge, R. G. C.

Collagen, Ultrastructure and Its Relatlon to Mechanical Properties as a Function
of Ageing iz
Proc. R. Soc. London {Biol.) Vol. 180, pp. 293-315, 1972 g
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ABSTRACT: Tail tendons from Fischer and Sprague-Dawley albino rats of ages 2
weeks to 3 years were investigated under the polarizing microscope as regards
structure and deformation behavior. Periodically extinguishing bands were ob-
served along the otherwise featureless tendons. By analyzing the behavior of
this extinction pattern under appropriate rotations of the tendon, it could

be deduced that the orientation of tne basic birefringent units varies periodi-
cally along the tendon and that tiis periodic pattern corresponds to a planar
arrangement of the anisotropic entities. A1l the relevant parameters of this
periodic structure could be determined in a representative manner from polarizing
optics alone.

Subdivision of the tendons revealed regularly undulating or rather crimped
subunits in good correspondence to what has been deduced from the extinction
bands in tine intact tensons. =

The crimp angle was found to decrease while the periodicity increased -
in approximate proportion to toe length of the tail - with the age of the rat =
. implying the simultaneous stretching of the fiber itself. 2

Stresssstrain properties of tendons were measured and models for crimp "
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DIAMOND, George and Forrester, James S. : :

' Effect of Coronary Artery Disease and Acute Myocardial Infarction on Left
i Ventricular Compliance in Man

Circulation 45: 11-9, Jan. 1972
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Abstract:The evaluation of left ventricular (LV) compliance by use of the pressure=
volume (P-V) relationship encounters several serious difficulties. Since the P-V .=
relationship is curvilinear, it is difficult to quantitate. Furthermore, alter-
ations of resting heart size and geometry also produce marked changes in the P-V
curve. The first derivative of the P-V relationship, however, is a precisely
linear function, expressed by the formula dP/dV=aF +b..The slope of this linear
function, a, termed the passive elastic modulus, has been shown to be independent
of initial volume and primarily and predominatly determined by changes in the
stiffness of the myocardium. Myocardial wall stiffness was evaluated in three .
groups of subjects during LV catheterization. In 13 normal subjects a =0.005; in
13 with cornonary artery disease a 0.011; and in 12 with acute infarction a =0.045
The differences in stiffness among the groups were highly significant (P<0.005).
It was concluded that a measurable change in ventricular compliance occurs with
the developemnt of coronary artery disease and that a further increase in wali g
stiffness occurs with the developemtn of acute infarction. The magnitude of in-
-~ crease in LV wall stiffness correlated directly with immediate prognosis: 87% of =
. those subjects with adP/4V greater than 0.5 mm Hg/cc died of power failure during.
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™ - Proc. R. Soc. London (siol.) Vol. 180, pp. 293-315, 1972 L e
. B \'v___v
- . . : . L@
P ABS{R{\CT (antf:}nugd). straightening were tested. It was found that a model L9
o containing inflexible hinges, corresponding to the "elastica" problem in T
- mechanics gave reasonable fit with experiment. Analysis of stress-strain dat S
® _ on this basis leads to a basic load i i i it incoeases
o - to a basic load bearing unit, the diameter of which increases - ©
o from }OO]FO 5?0 mm with the age of the animal. 4
® - mplications of these findings for the structure and properti . E e
° _~1 dons, also in relation to ageing are pointed out. Prop ® of the ten °
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j ne, J.-M., Jean, C.-F., Cartier, R., and putertre, .
g;::gg?nation of Tissular Strain with a Tripod-Like Transducer Il
Yed. & Biol. tngng., Vol. 10, pp. 283-289, 1972

TL(-]LstAl\ DIRIEN]

i i i to obtain basic nechaniEa1
: A tripod-like transducer has been designed o
ggiZR?gTvarious gio]ogic, particularly card1ovasuc]ar,.structureg. Tnis repogf
describes properties of the tripod as revealed by particular calibration proc

'durEZiations are studied between a force applied to a spike and (a) strain

.r.

L N J
yi a
[ %]

U IR
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Towis

i
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i ( t undergone by the tip

e tripod plate (eqy) or (b) the displacemen _
A;‘recorded :Ezm(z? Vagiab?es €g agd d are found dependent on fqrce magp1tude aqd
Y e . ive expressions, these var1ap1es fit experi-
Fimental values satisfactorily. These expressions are used to derive analytically

AUy

Saidh,

——= tae angle and magnitude of force vector, the tissular strain or extension ratio

i i ded plate strains. The <=
0-:i render these data computable dirvectly from recor : N i
L] wzii;pgsozoobiainable information is illustrated by an aortic cyclic expansion and :
° 5§}compares favorably witn that obtained by method I. =
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Diaz, Gabriela and Bruno,Gunther

Surface and Tissue Elasticity of Isolated Dog Lungs
Acta physiol. latinoam.,23; 83-93, 1973.
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Abstract: The pressure-volume relationshins of excised dog lungs were studied at -
four predetermined degrees of inflatior: functional residual capacity, end-in-
spiratory volume, total lung capacity and mid- 1nsp1ratory or expiratory volumas,
- The corparisons were made with one 1:n3 distended with air whereas the contra-

" lateral lung was filled with saline sriution, starting always with completely
- degassed lungs. It was possible tc evaluate quantitatively the relative con-

= tributfons of tissue elasticity and s.rface tension at various degrees of luna
‘=i inflaton, always within the physiological range of pulmonary ventilation. At the
' functirnal residual capacity level the transpulmonary pressure necessary to over- -
.come ti-e elastic recoil of lung tissue was almost zero, confirming von Neergaard's -
previo:s findings. In the present study it was found that approximately one
fourth of the total elasticity corresponded to tissue elasticity and the rest to
alveolar surface tension at the level ur total Tung capacity, whereas at the zcne
of tida1 air both factors were of almost eaqual importance.
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" DOBRIN, Philip B., Doyle, James M.
i C1rcu1at1on Pesearch 27, 105-119,1970
"1 Vascular Smooth Muscle and the Anisotropy of Dog Carotid Artery

‘,,A_.
ey

-u Abstract: Segments of dog carotid artery were held at in-situ length and
"1 studied in vitro after excitation of the muscle with norepinephrine and after
= poisoning of the muscle with potassium cyanide. In-situ length corresponded -
1{ to a logitudinal strain of .57 +.02 relat1ge to ths unstretched length.The longi- .
! tudinal elastic modulus was about 4.1 X 10° dyn/cm ;
2 transmural pressure. This value was not altered by excitation of the vascular
<% smooth muscle. The longitudinal stress due to traction decreased as the longi-
| udinal stress due to transmural pressue increased, and it was suggested that this
interaction underlies the relative constancy of vessel length in situ, The Po1sson s
ratio between the circumferential and longitudinal directions was about 0.3 and
was found to decrease slightly with activation of the vascular muscle. The data
for the longitudinal modulus and for Poisson's ration were used to compute the
circumferential elastic modulus. Activation of the muscle increased the cir-
cumferential elastic modulus when plotted as a function of circumferential strain=
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wall is not 1sotrop1c at physiological pressures because the circumferential 2
elastic modulus is greater than the longitudinal modulus. Calculations indicated -~
that assuming isotropy slightly underestimates the true circumferential moduius
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Comparison between the moduli in the two directions revealed that the arterial e
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° = at small circumferential strains, and greatly overestimates the true circumferen- - °

™ -1 tial modulus at large circunferential strains. Active smooth muscle has little . g

@  direct effect on these estimations, but does alter the error by contracting e

o  the vessel to smaller strains. e |
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= DOBRIN, Philip B. and Rovick, Allen A. =

Influence of vascular smooth muscle on contractile mechanics and elasticity of
arteries.

Am. J. Physiol. 217. 1644-1651, 1969

Ny

a4

T
!

—

1

® O c~scooeeoe

Mrte

Abstract: Segments of canine carotid artery were held at in situ length and stu- -
died in vitro after treatment with norepinephrine (NEpi) and after treatment with -
potassium cyanide (KCN). Activation of the vascular muscle caused contraction and.
greatly increased pressure-radius hysteresis. The blood vessel musclesexhibited o
an active stress-strain curve with a maximum stress of .88 + .10 X 10 dynes/cm2
for the whole wall, or 2.73 X 106 dynes/cmé for the estimated smooth muscle
component of the wall. Activation of smooth muscle increased the elastic modulus
when this was plotted as a funct1on of stra The a§t1ve muscle exhibited a
maximum elastic modulus of 3.9 .08 X ]0 dynes/cm for the whole wall, or
12.66 X 106 dynes/cm2 for the estimated smooth muscle component of the wall.
Activation of smooth muscle decreased the elastic modulus when this was plotted

as a function of pressure. This decrease was attributed to the reduction in
radfus brought about by the active muscle.

NIRRT

G

?

1

tre

ioooo‘oooo\/ooojoo
R ORIl

1]
K

1

I

]

RO D

TonToifen o

221 81Y
: 1 ] K
®

N
i

o090

key words: smooth muscle active stress; wall volume; arterial elasticity;
critical closure; length-tension curve
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_ro -~ MRbstract: Elastic behavior of vascular wall, assuming the vessels to be 'thick- =g
{ e = walled' and utilizing finite deformation theory, was investigated. It was i o
ie 17 found that canine carotid arterial wall is neither isotropic nor transversely 2
192 1 isotropic. Previously, stress-strain relations were abtained for carotid arteries: © .
1@/ on the basis of membrane theory (Doyle and Dobrin, 1971). Since strain gradients . @ . g
o ji across the wall are fairly steep, the applicability of such expressions, for o
© i\l pointwise evaluation of stress, required examination. The study indicated that L
® - these relationships between mean circumferential stress and mean extension ratio - o
‘Lj?“ in the circumferential direction cculd be used to relate the specific circumfer- i‘ o ;

ential stress value to the specific extension ratiorat any designated point with-:.]
in the wall. From this analysis it was possible to evaluate circumferential and =
radial wall stresses, Both of these stresses are maximal at the inner surface
of the intima. At this point the radial stress is equal to the transmural pre-
ssure and is compressive, while the circumferential stress is tensile and is %
1.5 to 2 times the value of the mean stress, i.e. the product of transmural pre- !
ssure and the ratio of internal radius-to-wall thickness. Both stresses are
lowest at the outer edge of the adventitia. These stress distributions were con-
sidered with respect ot the spacing of the elastic Tamellae and th absence of
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P EOYLE, J. M. and DOBRIN, P.B. E
~y - Finite Deformation Analysis of the Relaxed and ' i T el
2“" Microvascular Research 3, 400-415, 1971 rontracted Dog Carotid Artery g :
- S i
® . Abstract: Elastic b i j : ’
- Abstiract: tic behavior, of dog carotid arteries, was investigat Qiging = &
® B ]ﬁmte deformation theory. Excised segments of artery were held gt ?g ’;;f-;lmng e,
.;_;_ asgg(tjr] ang inflated. Measurements of longitudinal force, inflation pressure, e
° an 1ame]er were made continuously. Tests were conducted after activation of - &
PO e vascular smooth muscle with norepinephrine and again after poiséoning with .
o  Potassium cyanide. The vessels were found to be anisotropic in thei Stre i
= states. The partial derivatives of the strain-energy density funﬁgognstgigsed =2
® - respect to the circumferential extension ratio, were computed. These fu wt' 8
@ -- increased exponentially. Activation of . unctions =, -
5 in stiff , ly ation of the smooth muscle caused a marked increase=®
o - stiffness in the circumferential direction; longitudinal stiffness was onl - @
o slightly altered,however. It is demonstrated that the incremental modulus cf‘v By
P :;33%5213 in ;he circumferential direction is greater than the longitudinal o © ;
o = roughout most of the range of strain covered by these experiments. *,n ° 1
° L;{ 7. @ i
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¢ L Mbstract:There are no well established methods for the measurement of the [_ o g
@ | mechanical properties of 1iving human tissue. Preliminary results from a dynamic :- @ :
{ ® 3| in-vivo method of mechanical testing of human tissues have to date not shown G @
' LRE the force/displacement correlation with other parameters, eg. age, sex, etc. L@ !
e o reported in several studies of the static response of post-mortem material. ST
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|o - Measurement of Tissular Strain.with a Tripod-Like Transudcer * 1 T el
L T i ‘ 277-281, 1972 o
*_) = Med. & Biol. Engrg., Vol. 10, pp. ’ T
; 0_; ABSTRACT: A tripod-like transducer is designed for measurement gf strain — L
° T patterns in biologic soft tissues. A general procedure is described to allow coe
° < computation of tissular strains from recorded transducer strains, on the follow- B
= ing principle: _ . i e
e - Known strain patterns are created in an artificial tissue {(rubber framg) ‘;éw(,
L ] for three standard orientations o¢f the transducer. Recording of plate strains A
® 1 allows specification of a matrix of nine constant cgeffu_nents. These charac- i ©
PY 5| terize the transducer and are used to compute any biologic state of strain N
5 within the accepted assumptions and tested range of strain. A deformation e
——.—111 of a left ventricular wall during a cycle illustrates the general procedure. T8
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o - Ellfott, D.H. el
if.j. The Biomechanical Properties of Tendon in Relation to Muscular Strength ,%{ ®
® <2 Annals of Physical Medicine 9:1-7,1967 o @
®-: ‘ E
)‘.E ABSTRACT: 1. A study has been made of the biomechanical properties of the tendons:- ©
@ 5| of two groups of muscles in the rabbit. No significant difference was found .8
® between them in the stress required to cause a 5% strain or the stress required = o
K to eliminate wave-form. As the tendon of a fusiform muscle may transmit a maximum T e
® 5| jisometric tetanic tension of 2.5 kg.per sq.mm. whereas the tendon of a penniform ..~
® -2 muscle may transmit a maximum of 1.5 kg.per sq.mm., the strength of a tendon = C
® _ﬂ would seem to be related to its thickness and collagen content and not to the 9
@ --| maximum tension which its muscle can exert. N I
° J& 2. The stress required to eliminate the appearance of wave-form on the surface of e
——= a tendon is Tess than 7% of the maximum tension to which it could be subjected. -4
®-- . . e
‘ lt: 3.1t is probable that the normal range of transmitted tension falls within the = ° :
10 “l2| tendon's “working capacity", its range of relative extensibility.Although the s ‘
@ ->. maximum contraction of a muscle may exceed this and cause some semi-plastic change, @
Py !’j the tensile strength of a healthly tendon is more than twice the strength of its .<- ©
.~§ muscle. ;L_:
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e - [Elliott, D.H. E
P Structure and Function of Mammalian Tendon e
>—- Biol.Rev. 40,pp.392-421, 1965 »;—l—-.
® " i Abstract: Without tendons the efficient production and limitation of movement - C
1 @ -2 by muscles would not be possible. Their role is passive, their metabolism e
° ‘f relatively inert and their immunity from disease almost complete. Tendons are . g
.-** a specialized form of corrective tissue uniting muscle and bone and as such e
< have functions essential to normal mobility. The structural unit of tendon is ®
o - the fibre, consisting of fibrils of collagen, encircled by the anastomosing T
® -~ processes of fibroblasts. Orientation of fibrous tissue in tendon supports 5 e
{ @ -- hypothesis of mechanical influence upon tendon growth. Tendon thickness may e
® - vary with muscle cross-section. The tendon has a tensile strength that is four 'z @
e - times as great as the maximum tension that it has to transmit in vivo. EN
o ie
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10-2 ELLIS, D. G. 5o
2> . Temperature effects on the dynamic and transient mechanical behavior of tendon . ®
® - Tech.Report No.11, Univ of Michigan Medical School,Dept. Phys. Med. & Rehabilita-: ®
e -~ tion. 1970 ' : [%1 °
d ‘-3? AB§TRACT: Elongation responses of cat extensor digitorum communis tendon to d' L2
® -, triangular wave loading and to constant loads achieved by ramp loading were O
¢ - = studied over a temperature range from approximately 22° to 55°C. =h
°-- Attempts to develop a mathematical model for the mechanical behavior of C
o - tendon were unsuccessful but did show that the damping displayed by cyclicly 2 e :
e ]oaded tendon could.not be adequately described by a linear differential equation 8
iz in Toad and elongation or by simple Coulomb friction as the major dissipative i@
® " process. 7. @
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® " contractile element dur1ng the activity perioc.--The stiffness of the series

,--———:]

ECKNER, Friedrich A.Q., Brown, Barry W., Davidson, Donald L. and Glagov, Seymour
Dimensions of Normal Human Hearts, After Standard l'ixation by Controlled

Pressure Coronary Pefusion
Arch Path. Vol.88, 497-507, 1969

Abstract: Controlled pressure fixation of -hearts yields autopsy specimen with
viell preserved anatomy 0f 750 fixed hearts, uo were considered to be "normall
These were usec to establish tables of standard postmortem cardiac dimensions.
Fourteen dimensions which characterize size and shape of ventricles and valvdlar -
orifices were “elated to age from concept’on, body weicht, and >ody length '
according to tre law of allometric growth. Cramber volumes could be calculated
from volume irdices used in the past. Each of the dependent variables could be
predicted fron one or two of the three independent variables. The tabulated
data should be. useful to the morphologist concerned with correiating autopsy
measurements 0 in vivo estimates of cardiac dimensions and to clinicians con-
cerned with £ nding methods for predicting and compensating for growth rate in
reconstructiv: and prosthetic surgery.
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-.Edman, K AP and N1lsson, E.

= The Mechan1cL1 Parameters of Myocardial Contraction Studied at a Constant Length
"of the Contr ctile Element .
.~ Acta physio scand. 72.205-219, 1968. S

= Abstract: The time course of the active s*ate, the force-velocity relation and
-_the series comoliance were investigated in isolated papillary muscles of the
" rabbit.--The force velocity curve defines at a precise lenath state of the con-
_ tractile elenent and at a given time after the stimulus could be fitted by Hill's
equation. The shape of the curve remaired constant during the activity period,
i indicating that the zbility to produce motion aad the abzl1ty to preduce tension -
. undergo par. 11el changes during a myocardiai cntraction cvcie.--The active state,
- at a given length of the contractiie unit, had a slow onset {1/3--1/2 of the

- entire activity period being needed for at ainmentof the maximum) and did not form
The time course of t“* accive state was critically dependent
;]on the degree of extension of the contraciiie unit. Evidence is presented that the-
7] duration of the active state is not definitely programmed at the start of the -
=i contraction; its final outcome is determined hy the amount of shortening of the 2

1
1

lelastic eloment, at a given union, was indeperdent of the intensity of the active
- state. This fact supports the view that the zctive, force-producing structures in -
Zithe cell do not contribute substantially to the series compliance of the cardiac

" muscle,
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MAN, Martin M. ) '
Efxiyuode?s: hollow, flexible reproductions _
J.Appl.Physiol. 29(4), 531-533, 1970
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i ) ai sing a metal =
Abstract: Hollow latex models of the respiratory airways are made using -

I : i x, curing the latex .o,
o - ting the pattern with latex, ¢ ?
= lung cast_for the pattern. Coa hg fina] model. The model reproduces the o
o d removing the patternproduce t1e *iNe, 9 Airways as small as 0.5 mm .
10: i?rway dimensions of the rigid lung within 1.6%. y z °
®-_  have been modeled. ‘;J E
{e - ; ; yatory dynamics iz
@ -- rubber reproduction, pulmonary model; respiiutory dy He
fe ' Te
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" Engin, Ali, E. ind Wang, Han-Chou ‘
I A Mathematical {'odel to Determine Viscoelastic Behavior of In Vivo Primate Brain
"= Journal of Biom chanics, Vol. 3, No. 3, pp. 7¢7-296, 1970

® “-‘point of view, ti

00.006-3‘.060.0.;000.j.,u’@”._"‘???’Q.?OQQ-O

-2 Abstract: Deternination of m

T is very essentit] for the construction of various th
—head injury models. This paper represents a m; i
=.of viscoelastic hehav

echanical properties of the constituents of the head

eoretical and experimental

ier of in vivo primate Lrain,-
e prealem being considered is o

X . e
wemetical model for the evaluation .. ¢ :
From a theoretical mechanics - 0

e . ———

=P Viey . At of the steady state response <
10-: cnaracteristics of a solid sohere of linear viscoe'astic material whose mating )
@ - surface with the rigid container is free from shca™ stresses, The external load )
@ - - IS taken to be a local radial harmonic excitation: Fj rst the response of the s
o _el_astlc material is determined; iater the elasii~ response solution is converted to -
- ,vlscc_)elashc response soiution through the use nf 2 correspondence principle I
.'_:apphcable to steady state oscillations. The Parer is concluded with a discussion < ®
® - -of a method whicl enables the determination of wia complex dynamic shear modulus i@
4 @ :=of in vivo primate brain. e
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, Impact Acceleration Stress: Proc. of a Symposwm with a Comprehnsive Chronologic . C
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™ . IMPACT DAMAGE TO INTERNAL ORGANS e
° - : e
° ABSTRACT: InJumes to internal organs consists of contusions, lacerations, and PY
<+ ruptures arising from the various types of stresses and strains produced by im- =
',_A; pact to different parts of the human body. One of the most freguent causes of R
® _  injury is automobile accidents during which the occupant is injured by impact - ®
®  with some part of the car or by ejection from the car. This article } . @
o - discusses impact to thoracic, abdominal and pelvic viscera. Investigation of e
o - the different types of injuries along with the instrumentaiton necessary for e
° detection of the injuries is discussed. %——.
° e
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° Evans, F. Gaynor and Vincentelli, Raul 3‘ o
° ~ Relation of Collagen Fiber Grientation to Some Mechanical Propert1es of Human B C
19 - Cortical Bone 3 et
}' _Journal of Biomechanics, Vol 2, No. 1, pp. 63-71, 1969 e l‘%f-_;
1 o . - Abstract: Tne percentage of dark, hght and intermediate osteons and their frag- ? e
@ -- ments, as seen in polarized light, was deternined for 53 cross-sections of I 8F

—embalmed, adult numan bone. Dark osteons nave collagen fibers predominantly ENe
-__ﬁparanel with tne long axis of the osteor wnile in light osteons, the fibers are "i:_(

1 - at a sharp angle to the long axis of the osteon. Intermediate osteons are mixec. = - |
o “. Significant positive correlations vere found between dark osteons 7 ° a
@ -~ alone, as well as when corbined with their fraguents, and the singie shearing 97
e - . strength. Intermediate osteons aloite. and wien combined with their fragments, -0
"o .- showed siznificant positive correlatiors with the (1) single shearing strength,” - ©
pa : (2) modulus of elasticity, and (3) percent elongation. . e

= Significant negative correlations wers found between light osteons alcie, > g
® -> and when combined with their fragments, and the (1) single shearing strength anc =

{ 07 (2) modulus of elasticity. i@
®-- No other significant correlations were found among the various types i®

= .of osteors alone, or when combined with tucir fragments, and the mechanical i-e
®- propert1e, of the specimens. T e
'1—' ?_ (]
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= ratenstein - .o
®- Fallenstein, G. T., Hulce, V. D., and Molvin, J. W. B
== Dynami< Mechanical Propemes of Human Rrain Tissue E
® - Journal of Biomechanics, Vol. 2, No. 2, pp. 217-226, 1969 . =
L ol

|

_.“7_1 Pbstra-t: Investigators have been studying the mechanical phenomena associatd
) s witn impact to the head for many yeais. Several theories on the behavior of *he -
T brain 1ur1ng nead inpact nave come irou these studies but there has been a noctable
= lack of information on the bulk mechan.cal properties of the brain which are )
_!.4.- necessary for the evaluation of these theories. Tnis paper represents an initial s
@ - attemp:c at providing sucn information.
o ;g Tne dynamic coaplex shear modctu: of in vitro samples of human brain have
°- = been meaasured. Specirens froa eight Lrains have been subjected to a sinusoidal
° " shear stress input under resonant :ondit’cns in an electro-mechanical test device.
Tests were concucted to determine the ffects of time after death, refrigeration
".~ of matarial and shear strain devendence. A device to measure the dynamic proper- -
@ - ties of brain in vivo is described and preliminary data on in vivo tests on -
® - - Rhesus monkeys is presented.

o

AIERTIRAY

° a Tae results.of the dynamic shear “2sting on in vitro human brain indicate o
a. that tie storage modulus G' lies between 6-11 x 103dynfem?, the loss modulus -
o 1G“ lies between 3-5-6+0 x 103 dyn/cm? and the loss tangent tan ¢ is in the £

z:range J- 40-0+55,

S

. 8
“.’ L e TG ial —_.1'“’:'1”“:7--5';'7" n u\ o \ N m e_u T T!.,_ 11-,‘. ook . S S
.3.’\..0oa".‘...‘o..f‘ﬁ”..“’...‘..“oO
“ .- —— o —." o —y Wi —— - ——— | - — = PG h‘

69




10.,.......00...0000\/.......0..0....0..'

T T AT AT b s e e 00
l' i@
o _ s as .o
= FANTUZZO, D.G. and Graziati, G. = ,
® "~ A Mathematical Model for Articular Cartilage - @
® -° 7th Int. Conf. on Medical and Biological Engng, Stockholm 38-3, 1967 - @
- e
) J:J ABSTRACT: Various hypotheses have been presented on the structure of articular % ®
e -~ cartilage, one of which is based on a hydromechanical model. A comparison be- . °
= tween the response of this model, on the basis of its equations, and observations -
:9__% of cartilaginous tissue placed under varying stress, utilizing a laboratory set, ~~ ®
® - ' reveals many discrepencies. This method has the advantage that repeatable tests €
® - can be performed under near physiologic conditions. The selected model -
@ - satisfactorily interprets the behavior of cartilage under dynamic stress, as E
@ = observed experimentally and the analog computer analysis is most useful in . e
.-—- the interpretation of the observations. o .
o e
o - i@
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1 @ --1 FARFAN, H F., HUBERDEAU, R. M. AND DUBOW, H.I. H ._
leo ﬁ Lumbar Intervertebral Disc Degeneration - The influence of geometrical features : C
@ --| on the pattern of disc degeration--A post mortem study. i‘“ - @
_:_.IF J.Bone.Joint Surg. (AM) 54:492-510,April 1972 =g

gl ' =
) r: Abstract: The incidence of rupture of the anulus fibrosus is not uniform at all - ®
® -5 levels in the lumbar spine. It is customary to link the high incidence of anular: ©
@ -=| rupture at the lower lumbar levels with the stress of weight-bearing, and it has : - ®
Py been assumed that the lower joints, supporting the greatest proportion of body -
7 weight, are the first to suffer from the effects of compression loading. However, ' o
o =i this assumption does not seem valid because the anulus has been shown to be very - P
® --' resistant to compression loads, much more resistant to compression than are the .. .3 °
@ -=| vertebral bodies. From a roentgenographic and anatomical study of 182 lumbar e
”‘_'i spines obtained at autopsy conclusions were reached. , i@
°: -
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. = .

{ ® - A Quantitative Comparison Between the Energy Liberated and the Work Performed L
@ _ by the Isolated Sartorius Muscle of the Frog. g
@ - J. Physiol.,lond. 80, 277-297,1924. ]

= T e
). —JI ABSTRACT: (fm summary) The older work on the heat production of muscles allowed . ®
= to shorten has been repeated and extended with the use of the sartorius muscle =
® - of the frog instead of the gastrocnemius. Quite different results have been ‘.;:_.°
® -2/ obtained which are apparently due to differences in the anatomical structure of : - '
@ 3| the two muscles. .0
®-- The experiments provide a new explanation of the parallelism between °
° = the work of the heart and its oxygen consumption. Y. e
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® | FICH, S. & WELKOWITZ, W, .
@ -5 A TAPERED REFLECTIONLESS MODEL OF THE AORTA & b
sﬁ: 7th Int. Conf. on medical and Biological Engng., Stockholm, 27-2, 1967 e
‘v'j . 3 : 3 E\ :
o Abstract: This paper deals with a mathematical model of the aorta which assumes =- ®
5| @ geometric and elastic taper, considers the blood a Tumped mass and neglects e
ERE reﬂectmr}. The model was essentually verified by stopping the heart in dogs Y
e by electric pulsation, and observing the transient recovery. H—C
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40 FEIGL, Eric 0., Simon, George A. and Fry, Donald L. 55‘ ¢ i
L Auxotonic and Isometric Cardiac Force Transducers 2. e
o

J. Appl. Physiol. 23(4), 597-600, 1967

i aile

il
PP o’qo

Abstract: Cardiac force gauges with improved roupling to the intact heart have
been devised. The transducers are coupled to :he intact heart by a set of pins
thrust through the myocardium. The instruments can be used to.measure tensile
stress (force per unit area) in the beating myocardium under isometric or

';1.

L
g

vileo e
il'l"[\l

) auxotonic conditions. This permits comparisons of contractile force between -8
1 @ -: different experiments, ’ Hry -~
o ie
° = force measurenent strain gauge; myocardv". force; contraction strength — o
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= Finlay, Siyan e |
L4 i Dynamic Mechanical Testing of Human Skin 'In Vivo F.e'! 3
o ':_——. Journal of Biomechanics, Vol. 3, No. 6, pp. 557-568, 1970 Te :
7 Be—
o - T Abstract: The problems involved in measuremznt of the dynamic mechanical g 3
) "properhes of human skin in vivo are exami:..2d. 0On the basis of these observa- - @ ; !
°-- ~ tions, the de- 1gn of a rotary position servy ’or in vivo testing is outlined. ¢ '
~Using this do ice, certain hitherto unidentifizd characteristics of the mechanical .- @' § i
@ - behawioF of 1'man skin are illustrated. . ENe ; :
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Fielding, J.William
Subtrochanteric Fractures
Clin.Orthop., 92: 86-99, May 1973
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Abstract:Subtrochanteric fractures are an extremely d1ff!cult orthopez1c prob]em.L
A review of the biomechanics and clinical management indicates that s Songtt
fixation devices, such as the"Zickel naj1“ as we]! as heavy one p1ec§ egftin
nails or intramedullary rods, with or without a@d1t30na1 fixation and gr g,
are generally necessary for reliable internal fixation.
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+ is also the angle permitting maximal volume of the mus i
| ! angle cle fiber.
9 2 modulus of tne fiber system was calculated to be in a e

A muscle fiber volume has a certain value within the range permitted by the measure-

- and 140% of its rest length.
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HICIN

Biophysical Analysis of the Mechanical Properties of th
- e
Can. J. Physiol. Pharmacol., Vol. 48, pp. 394-404, 1970 Sarcolemma

ABSTRACT: This paper attempts to ex

sgrcolemma of single muscle fibers. Previously published

tion zones of frog semitendinous fibers were uieg as a basgﬁaig;eﬂg;;itggigﬁtrag.
somehat slack system of helical fibers in the sarcolemma can adequately accoﬁnt E
for the observaplons.. It explains tie shape of the tension-elongation curves of - -
sarcolemma and 1is anisotropy. It permits the drastic transfiguration from normal -
shape to retraction zone shape in the absence of undue stresses. The angle of

the helices was calculated to be 55° in the muscle fiber at resé length.g This =

f The Young's
! . pproximate agreement wi
the modulus published for collagen. With the single additional agsumptignwlﬁgt

ments, the helical system can be shown to 1imit muscle fiber length between 70%

The proposed helical fiber system is thus found to

have properti i i i i
ha mugc?zfrt1es that make it a likely candidate for the parallel elastic element
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FINLAY, J.8.,

Hunter,J.A.A. and Steven, F.S.

Preparation of human skin for high-resolution scanning electron microscopy
using phosphate buffered crude bacterial a-amylase

Jr. of Microscopy, Vo1.93, Pt.1, pp.73-76, Feb.1971.

Abstract: A technique for preparing human skin for high-resolution scanning
electron microscopy using phosphate-buffered crude bacterial .q-amylase is
described. Effects of the buffer solution alone are studied as well as the
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® - of these observations are discussed with regard to the in situ structure of the - . @
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®  FINLAY, Bryan g Hal
® " The Torsional Charicteristics of Human Skin In Vivo i @
®  °  Biomed Eng. 6:567-73, Dec. 1971 , ‘ ss’;- o
o - @ |
, - Abstract: A rotary position servo has been used to assess the in-plane dynamic = PY ’
{ @ --, Mechanical characteriestics of the human skin on the forearm, Forty-three =g
. = healthy indiv1dual:_compris1‘ng 7 females and 36 males in the age range 7 to 63 = °!
——=, years vere test:1. The technique has provided an objective quantitative measure- -- @
® ->. ment of the Tow-load extensibility of human skin in vivo. The broad range of .- €
® - results encou.:tered in the measurement of Tow-load exzensibility was of particular o
{1 ®-- interest. f1though tne number of female subjects was small there was no indication o
@ -~ Oof any sex ucpendence. However, an age dependence was noted in some of the re- °
P corded parameters. —
= The technique shouid prove to be of value in plastic surgery, studies of agmg“ o
° = and a wide range o7 clinical conditions. At a researcn level, the full signifi- - @
® --; cance of the present results will not be known until they have been correlated -. 9@
® - > with biochemical and microscopical investigations. I @
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i ° 17 Rheological Analysis of Soft Collagenous Tissue. Pait II: Experimental T o
—~ Evaluations and Verifications. EpY
—:Qi‘} Journal of sinmecnanics, Vol.2, No. 1, pp.21-28, 1967, gf__‘
:"1 Abstract: As i direct continuation of Part I, where the theoretical back- R -
@ - ground for th: rhzological model was aiscussed, possible operations on the -
@ - rmodel are ¢iceussed and perforired on anterior cruciate ligament preparations o
-—-- from rabbiis. Different mathods of evaluating model constants are compared o
® - and othermatiwmatical expressions than those of the model proposed are tried :
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o - Flaherty, , John T., Pierce, Joseph E., Ferrans, Victor J., Patel, Dali J. R °
1 ®- Tucker, W.Kirk and Fry, Donald L. B
o -- Endothelial Nuclear Patterns in the Canine Arterial Tree with Particular -
1 o .- Reference to Hemodynamic Events e
I;—{ Circulation Research, Vol 30, pp 23-33, Jan.1972 if“o ,
P —_ Abstract: The objective of the study was (1) to measure systematically the l.J ®:
}{ @ - orientation, morphology, and popu]atwn density of endothelial nuclei of the 1 0
Q-5 canine thoracm aorta and its major branches and (2) to obtain evidence in a - C
o =i chronic in vivo preparation that altered flow patterns do indeed change L
{ .7 Patterns of nuclear orientation. For this purpose, a segment of the descending = o
iz thoracic aorta was removed, opened longitudinally, and reclosed to form a tube = 6
© "5 with a new 1ong1tud1na1 axis 90° from the original vessel axis. The new segment
01 was then sutured back in place. The animals were killed at suitable postopera- i~ @
) , tive periods. Endothelial nuclear patterns were studied from en face photomicro- .. @ -
@ --| 9graphs of preparations stained with Evans blue dye. Results indicated: (1) In . @
® Kt uniform vessel segments, e.g., middle and lower descending thoracic aorta, the T
] o2 nuclei were oriented parallel to the axis of the blood vessel, and the ratio of - o
i - major to minor axes of the nucleus was large. The flow in these regions is a2
@ --! known to be stable. (2) Nonaxial,less-ordered nuclear orientation with smaller i ©
e .- ratios of major to minor axes were found in entrance regions of many major
o o arteries and in the ascending aorta. (3) In chronic studies in which the flow 'J ©
R ' @
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@7 Abstract (Cont d): o
i jind} BY
@ -°' pattern was altered, the nuclear pattern realigned in the dlrectwn of flow - o
e ~ within 10 days after surgery ce
bl ’ G
%.i;: i ®
o S C
{7 - €
. : 6
o o
{e i o
fo: P e
jol Eie
{0 by
RE - @
2 e
1e- 7 e
] :. ,’j -]
(-] A N :".E'“ o
.‘~'|:|‘ 1 ru[mr _T e T p T mr'n nlru o u u'h m m T s ul ) »*E_"?] - uutrﬂT T A )
00000.00000000009090000’\00000...0000900



..00.0.0\,000....Ou...O...QOOQQOOOQOUO

QQC..O.....000...’...0.........‘....‘0

- — o e s L abl SEg

- oy

77

{0
f. = EREE )v'3‘::n‘zz‘z’T:-u:‘-';:T‘i' 2712 vx,nx91mn 1|°I Tnn EREE ﬁﬂ.,nl,:‘,',l:,xs ﬁ',! @@
® - FOLEY, John -
® - The Stiffness of Spastic Muscle L
@~ J. Neurol. Neurosurg. Psychiat, 24: pp 125-131, 1961 5 @
[ I Yo
> ‘j Abstract:This study stemmed form an attempt to find out whether simple physical °
° — manoeuvres have any measurable effect on the spastic state as such in small child-.
1 = ren with diplegia. Muscle tone is difficult to define except in crude clinical o
® - terms, but for the purposes of the present paper it can be defined simply at - @
® - that resistance which is felt by the examiner's hand on passively extending a . C
@ - muscle. Y@
®-: A simple method of measuring "tone" in the calf muscle of children with e
e = spastic diplegia is described. T e
‘e 2.~ .
o j BN R
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L ,_1 Forrester, J.C., Zederfeldt, B.H. Hunt, T.K and Dunphy,J.E. -0

® -_ The Mechanical Behavior of Aging Skin Wounds Z. e

@ -I=/ 7th Int. Conf. on Medical and Biological Engng, Stockholm 27-3,1967 Z. @

5 g Abstract: The structural.importance of skin and other connective tissue for i °

~ transmission of forces within the human body has been realized for some time. il o
® -5 Equally important, but less well understood, is a knowledge of the mechanical i@
© ~-| properties of these tissues at different times of repair following injury. Z- @
® -~ Skin damage is repaired by nonspecific connective tissue which, 1ike skin, is a ?5?”'(—‘
° %1 viscoelastic material. Measurement of this type of material is dependent on °®
e - oad, deformation and time. It is well known that stress values by themselves -
= provide a limited amount of information. Emergy absorption can vary within ®

L © wide limits in specimens of the same tensile strength. The present study w‘_
L "2 shows that although both ultimate stress and energy absorption values are I.e

® - steadily regained, the latter recovers more slowly. 7. @
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Fosburg, Richard G.,
Cardiopulmonary Resuscitation
Military Medicine, 136:847-850, Nov. 1971
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Abstract:The importance of prompt recognition of the urgency of cardiopulmonary
resuscitation is emphasized, and a practical technique for employment of the
closed method is described. :

The use of drugs and electrical defibrillation is discussed together .
with the indications for thoracotomy and internal massage. :
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FRANKUS ,Andrew and LEW, George C.

A Theory for Distortion Studies of Lung Parenchyma Based on Alveolar Membrane
Properties

J.Biomechanics, Vol.7,1: pp. 101-107, 1974

P!
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Abstract: A finite element model representing the microscopic structure of the
lungs is presented. Analysis of the model yields information on the mechanical
propert1es of the lung parenchyma. The micro-properites upon which the model .
is based are computed by extrapolating uniaxial data calculated from experimentally
obtained pressure-volume relationships of excised lungs. Macro-properties are
subsequently found by assembling the micro-elements into a parenchymal structure
of the lung, and analyzing its responses to non-uniformly applied forces.

Experimental information regarding the mechanical properteis of lungs
is lacking and this mathematical model which is based on the known pressure-
volume relationships can fill a need in mechanical studies of the lungs. In
particular, it provides the complete information for the element stiffness re-
lationship in finite element analysis.

Comparison of the model properties with recently conducted macro-level .
distortion experiments indicates very good correlation. =
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° "{ Fry, Donald L. f °!
P A Preliminary Lung Model for Simulating the Aerodynamics of the Bronchial Tree = o
o .-, Computers and Biomedical Research 2,111-134, 1968 : £l o !
® - pAbstract:A numerical method for modeling the mechanicel behavior of complicated .'_ .

"Z) multi-phase, nuntinear, distributed, biological flow-systems is suggested with -0
@ - particular reference to the study of pulmonary mechanics. The major purpose of 3 ®

‘ ° .7 the model priented is to provide a computational too! for estimation of T e

P certain va~icLies along the conduit system which are )f physiologic and patho]og1° @

i % interest bu. rannot be measured directly. Results are presented which illustrate <
® - the distribution of pressure, conduit area, gas velocity, Reynold's number, and
® - wall shearing stress along the bronchial tree. With proper modifications these °

{ ®-- may be extended to include distributions of other variables of interest such as - @

"@-- temperature, "turbulent intensity,"” etc. Although the numerical results that are ,; o
° = presented simulate *he known mechanical behavior of tne Iung, any detailed Y

= interpretation must be approached cautiously at this :iem since many of the e
® "2 compin ents and parameters of the model necessarily had to be ciaosen arb1trar11y :

- @ for lack of good experimental data. -0
o - e
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® 3| Comparison of D1.ferent Models of the Heart Muscle 5~ @
o - J. of Biose.hanics 4:4, 289-295, 1971 i e
-—.*%?*S. Abstract: The sd-called Maxwell and Voigt models of muscles are shown to be -‘g!--—?
® 'equwa]ent, s7 that one is convertible into the other, if the series elasticity .

) 15_ is not a<--med to be absolutely independent of the twscle length. Different N
® -=!  types of mus:le-elasticity-modulus-versus-tension data are interpreted as -_
@ - yielding inturmation about the dependence of the series elasticity on muscle l
o - Tlength. e
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° 15 g%gRﬂEO%OGY OF SOFT TISSUES ERCR
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°: eology, Vol.10,pp 139-155, 1973 ce
D1 Abstract: To understand the physiologi e
® - we must know the mechanical pro%erg'ogwa] function of vital organs €
determination of . ies of the tissues. Experi 7. C
LI Cfes : the mechanical ; ;22 xperimental i 0%
’;-—4 g1ff1cu]t1es, such as the small g;‘gge;‘t'les of 1iving tissues has many B
o s:':zge due to dissection, inaccessibi‘1?geogezomatmn' active contraction, - @
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Fung, Y C , Zweifach, Benjamin W., and Intaglletta Marcos
Elastic Environment of the capillary Bed
Circulation Research, Vol. 19, pp. 441-461, 1966
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ABSTRACT: To determine the degree to which the capillary blood vessels in vivo
are supported by the elasticity of the surrounding tissue, a study was made of
the elastic properties of the mesentery of the rabbit. A torsion test was made
on a circular membrane of the avascular region of the mesentery, by applying a
graded static torque and measuring the resulting deformation. The mesentery was
found to have a modulus of rigidity in the same category as that of larger ar-
teries and veins. It has a nonlinear stress-strain relatjonship with a ten-
dency to harden at larger strains. In torsion experiments, the shear modulus G
can be reduced to the following form

G =+l

where c,is a constant and || is the absolute value of the shear stress. The
constant , depends on the initial tension in the membrane. For the mesentery
specimens, y ranges from 215-1900 gm/cm?, whereas the nondimensional constant c,
has an average value of B.23 with a standard deviation of 2.1

The hypothesis is advanced that the medium in which the capillaries of the
mesentery are embedded is a gel and the capillary in effect is a tunnel in this
gel. Such a hypothesis could explain the apparent rigidity of the blood capil-
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FUNG, Y.C.B.
Elasticity of soft tissues in simple elongation

American Journal of Physiology,Vo1.213, No.6, Dec.1967,pp, 1532-1544
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Abstract: Elasticity of 1iving soft tissues is strongly nonlinear. Based on
experimental results on rabbits mesentery, a theoretical framework is presented =
in which the leastic properties of soft tissues can be described. It is shown
that the mathematical formulation works well also in reducing published data

on the series element of the heart and striated muscles, and the skin. In simple--
elongation the tensile stress is nearly an exponential funct1on of the strain

in the lower stress range. Based on this fact, it is shown that although we

are dealing with the finite deformation of highly nonlinear materials, the
elastic property of soft tissues in tension can be expressed quite simply in
most cases. It is necessary, however, to give up the usual practice of trying

to characterize the elasticity of tissue by a representative Young's modulus,
because this modulus varies over a very wide range, which is oftenzero at -
vanishing stress, and increases linearly as the stress increases, and therefore <.
is meaningless unless the exact stress level is specified. New physical con-
stants recommended are: the slope and curvature at the origin of the curve of
dT/dx vs. T, where T stands for tension and x stands for the extension ration, and
the tensile stress T* (based on the original crosssectional area) at a specific
value of the extension ratio »*,
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-~ “Fung, Y.C. and Sobin, S.§. _ 2
_ Elasticity of the Pulmonary alveolar Sheet
= Lirculation Research, Vol. 30, pp. 451-469, 1972

.-_;@* RBSTRACT: An analysis of experimental data on the pulmonary alveolar sheet of thei—_

\:} " cat shows: (1) As far as elasticity in the plane of the sheet is concerned, the

alveolar sheet may be regarded as uniform; the compliance of the posts is the i
same as that of the membranes, (2)

o - Within a physiological range of positive trans« -
@ - mural pressure, the mean thickness of the sheet varies linearly with the pres-
—— sure. Also, the stress distribution in the alveolar-capillary membrane is non-
® - uniform and nonisotropic.

A theoretical sheet thickness-pressure relationship is
derived in which the effect of stress resultants (

sum of elastic stress and sur-
~ face tension) is explicitly linked to the compliance of the sheet thickness. The -
sheet-flow theory then shows that average flow is very sensitive to the arteriole :
pressure. The flow per alveolar sheet is (1/C) (ha“-hc). Here ha and hv are
equal to alveolar sheet thickness at the arteriole and venule
Part 7 Paly ha=ho+“(part'pa1v)’ where Part
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is the blood pressure in the sheet at
the arteriole, Paty is the gas pressure in the alveolus, « is the compliance con-
stant for the sheet thickness, and ho is the thickness at 4p = 0

. The constant
C=14 fLu/(SA), where ¥ is the coefficient of viscosity of blood, f is a friction
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o Continued): parameter (on the order of 4, ?ﬁpiﬁgiggegz’ S is  the = o
). l" ABSIERQE;)('COis the average length of tge Sg;egm;;neznd A is the sheet area. Zh :‘
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FQNG, Y.C. and Iweifach, B.W.
Microcirculation: Mechanics of Blood Flow in Capillaries
Annual Review of Fluid Mechanics, Yol.3, pp.189-210, 1971
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Abstract: (from concluding remarks) We have considered primaril i
tubular b]ood.vessels. The fluid movement across the tubg wall hgstgge:]?;n;:ed.
' Capillary blood flow has been discussed above as if it occurred ina
passive system. Actually the capillary bed has a complex mechanism for control

of local blood flow. The smooth muscle cells at the sphincter located at the
entrance to a.cap111ary blood vessel are believed to respond to oxygen and
other myotropic agents, and to physical stretch. The mechanical property of the
vascular smooth muscle is unknown , but it is clear that a more meaningful
understanding of the microcirculation will require its clarification.
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FUNG, Yuan-Cheng B.

Stress-Strain-History Relations of Soft Tissues in Simple Elongation

From BIOMECHANICS: ITS FOUNDATIONS AND OBJECTIVES,

Y.C.Fung,N.Perrone and M. Anliker,editors, Prentice-Hall,Inc.Englewood Cliffs,
New Jersey.
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ABSTRACT: (FM Concluding remarks) ‘

We emphasize that the intention of the present article is to glean from the
field of published data some simple rules that seem to apply in the lower,
physiological range of stresses. In a detailed comparison, each tissue, indeed,
each specimen, is different, and one cannot expect a simple formula to account
exactly for all the experimental data. In particular, although most original
papers make some effort to justify the data as comparable to in situ character-
istics in normal living condition, one cannot be absolutely sure. We feel, how-
ever, that these needs for further refinements should not deter us:. from offering
a simplified general stress-strain-history law that will help biomechanics to
progress beyond elementary discussion and to come to grips with significant
boundary-value problems of the function of the organs.
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~ FUNG Y.C. '
:1‘ Theoretical considerations of the elasticity of red cells and small blood vesse]s
= Fed. Proc. 25(6), 1761-1772, 1966

Abstract:Part 1, Equilibrium States of red.cells.
The stress and deformation of a red blood cell are considered form the point of

view of theoretical mechanics. The starting point is that the normal red cell S

VT

is in the state of a liquid leads to a number of predictions with regard to i5-
crenation, disc-sphere transformation, and rupture. The predictions are in
qualitative agreement with known experimental results.

Part 2. Tunnel-in-Gel Concept of Capillary Blood Vessels

It is generally accepted that the tissue surrounding the blood vessels help
support the vessels but is it not known to what extent this occurs. Using the
avascular portionof the mesentery of rabbits, the stress-strain relationship
for the mesentary was obtained and applied to the blood vessel distensibility
problem. In the case of the smaller capillary blood vessel, the surrounding
tissue is very much larger than the vessels, hence the elasticity of the capil-
lary blood vessel is derived almost entirely from the surrounding tissue.
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" A Theroy of Elasticity of the Lung Y
J=1 ASME PAPER 73-APM-R,1973 _ 5 e
B Abstract: The stress-strain relationship of the lung parenchymal tissue depends e

721 on the alveolar geometry, the elastic property of the alveolar walls (sheets, j} )
= septa) and the surface tension characteristics. This nonlinear relationship E
= js derived in the present paper. f'g} ® ;
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|l @ Fung, Yuan-Cheng : - e
; @ -~ Mathematical Representation of the Mechanical Properties of the Heart Muscle. e
.\— = Journal of Biomechanics. Vol. 3, No. 4, pp. 381-404, 1970 E} Oi
-,Abstract Heart muscle has been subjected to many experiments in many laboratomeS' :
F _tand many reports are conflicting with each other. To unify the picture, resolve :
the conflicts, and describe the complex phenomenon in a comyact set of equatwns, b L
*'a mathematical formulation of the mechanical properties of the heart muscle is - @
“@ .- presented on the basis of the sliding-element theory and Hill's model. e
. = Isotonic and isometric processes, the active state and the relaxation Jaw C
= are analyzed Hecessary corrections to the procedures for measuring the elastici ty o
=iof series elemei ¢ are discussed: and methods for determining the dependence of -
@ ~-series elasticity «n the length of the muscle are described, . °
.--‘ An advantage of a concise mathematical formulation of the mechanical propert1e= 0
@ -=;is to enable us to formulate experimental proceaures to determine physiologieal R )
“constants. In the light of the present analysis most of the published constants e
mrequwe some sort of ccrrections. It is hoped that corrected values will become - °
__.__iavaﬂable in the futuie. : ;;_'-;—.' ‘
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® -l Galford, James E. and McElhaney, James H. a9
{ ® 5 A viscoelastic Study of Scalp, Brain, and Dura Le] .
® 3| Journal of Bizmechanics, Vol. 3, No. 2, pp. 211-221, 1570 :I ®
o . . . . . -8
° !" Abstract: A series of creep and relaxation experiments on scaip, brain and Y
E dura from both "uman and monkey is described. An analysis of a practical creep - 5
) = loading with a rse time is given. An empirical express;ion for the observed
| @2 creep curves .. develoced and deviations from classical viscoelasticity theory . - @
| @ -1 noted. A four raraneter Haxwell-Kelvin fluid model is oroposed and fitted to C
° rf} the creep ca’a. -0
° ,:‘:‘l In addition, a vee vibration test using the same eqiipment as the creep - 9
-—' and relaxation exsurviments is presented. Analysis of this experiment yields o
® 2! values of the corplex modulus in the frequency range 10-40 Hz. ;i——-;
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® . Gable, Walter D., Townsend, Frank M. i
® . An Analysis of Cardiovascular Injuries Resulting form Accelerative Force 0.
® Aerospace Med. 929-934, 1963 Lo
: - ABSTRAQT: Qardiovascqlar injuries resulting from abrupt accelerative force_ T ;

) — occurring in fixed-wing aircraft, rotarywing aircraft,_and parachqting accidents .-

are summarized. The predominant sites of heart and major vessel injury are °
® described, and eticlogic factors are discussed. Suggestions are made concerning @
o - parameters that should be given due consideration in the design of restraint e
@  systems and environmental configurations. L e
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® - Ghista, Dhanjoo N. and Rao, Ananta P.
@ - Structural Mechanics of the Mitral Valve:Stresses Sustained by the Valve; Non-
@ -_ Traumatic Determination o< The Stiffness of the In Vivo Valve.

@ .- J. Biomechanics, 5:3, 295-307, 1972.

,. "zt Abstract: In order to provide the requisite structural strength for a prasthetic

® - mitral valve,we have analvsed the stresses in the in vivo mitral valve leaflets
=3 during a cardiac cycle. The valve cusps of the mitral’ valve are analysed a@s two

® - semi-circular membrane< iield along the circular (fib rous valve ring)edge and

“® . Ssupported along the straight edge (by the chordea tendinae). The critical

°: loading condition is ‘ust arior to cpening of the aortic valvz, when the diis-

- tended mitral valve leaflet is subject to the pressure differ:nce between he

= Tleft ventricular and left atrial chambers. For an adverse phy;iological lozding
® - situation, our analys1: indicates that the order of magnitude of the stress
o -- that theeleafletzmembrane(and hence the prosthetic valve leafiet) sustains is
@ - 2.2 x 107 dyn/em®, '

7 A vibrational analysis of the mitral valve leaflet is performed. Expressions
lﬁ for the stress in the leaflet and Young's Modulus of the leaf’<t material zre
'~z obtained in terms of the dimensions of the valve Teaflet and i:is fundamental
-Zimode vibrational frequency. The latter can be evaluated by detormining the

corresronding frequency of the first component of the first hear sound. Cur
analysis, hence, enables 1's to determine the stress in the leaflet and the

" Young's modulus (stiffness)of the in vivo leaflet at the instant of occurence
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® | Ghista, Dhanjoo N. ana Rao, Ananta P. p.2

@ -~ Structural Mechanics ov tne Mitral Valve: Stresses Sustained by the Valve; Non-
° 7 Traumatic Determinatizn of The Stiffress of the In Vivo Valva, Continued
~J. Biomechanics, 5°5, 295-307, 1972
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. Abstract continued: cf the first heart sound. It is noted ttat at this Tmstant
the valve is straine? up to the transition point of its typicglly non-linear
stress/strain characte “iszic. Prior to this instant, in a typical heart cwcle,
the valve operates ' the pre-transition stress/strain range and subsequemt to
this instant, it oper~tes slightly above the transition point, reaching a
strain of the orde» of 25 per cent in adverse situations.
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® . Gnista, Dhanjoo, . and Sandler, Harold _ .t
{ @ ~ An Analytic Elastic-Visccelastic Model for the Shape'and Forces in the E
o - Left Ventricle ' " S0
o Journal of Biom chanics, Vol. 2, No. 1, pp. 35-47, 1969. Z_—C‘
p - iz i
{@ /_\bstractt An :analytic que] gf the human left ventricle is presented, which = : '
) -~ incorporates tne trﬂaree'dmenswnal snape of-the left ventricle and the effects :
{o of ventricul>r wall thickness. The model resembles a thick-walled ellipsoid . J
o - Of revo]utmvl, & shape cnosen because its volume most closely approximates 0
° tne'XoMme ” _:c;;tnmmep left venthculgr chamt?ers vhen compared viith volumes C ;
pa g;th.sated b otq.zr reguiar tnree-dirensional figures of equivalent dimensions. 1.0 |
- INé snapl Aand size parameters of the model are determined from ventricular =
@ dimensions Letained from single plane cineangiocardiography. __}
o - _ Tne model is equilibrated by a uniform inzernal normal stress correspond-.. ©
e - Ingto tni meaSU(:'jed pressure in tne ventricle cavity, and zero stress on the -t
o ~__-outer surface, :?astm and quasi-static viscoelastic solutions for stresses and I €
B §tra1ns.that.pm;1de for snear in the ventricular wall are obtained for uniform B
{-@ - isotropic wait material. « |
©-- : i
o - € i
®-: € i
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i P Goedhard, W.J.A. and Knoop, A.A. E !
-k Model of the Arterial U2l & :
® . ). Biomech:nics, :3, 281-288, 1973 o ’:‘ {
. . :
® - Abstrac.: On segments of thoracic aortae and ccimon carotid artéries, static S0 :
e . [(E)anc ¢ynaiic (E.) Ycuan's moduli were measurec. Tnree main points were in- O :
> vestigated. 1. The vizco-elastic behavior of the arterial wall as a function , i
-~ of freque.ny, witn special attention to frequencies below 2 Hz. 2. The set-up of - : !
® - 3 model of the arterial wall, matching the obtained data over the appropriate R !
® . frequei~» vance: 3. Tne infiuence of norepinephrine-induced smooth muscle con- - Q |
® - traction 1 Yeung's moculus and medel outcome. The studied frequency range, ok {
1 @ - except from 1=0. ran from 0.016 Hz. It was found <hat this range needed an 6 .
P electrical v.cel consisting of at least 4 different RC-circuits in series with Py :
a capacitarce, to dsscrite the visco-elastic beharior of the arzerial wall. i ‘
° Smooth muc~le contraction alters the obtained timn constants but these remain g o
® °  of the same ovder of magnitude. The auestion of whether muscie contraction has .- @
® - an increasin; or a decreasing effect on Young's modulus appears to be dependent R U
® - - on the experimental set-up, which is discussed. I Y
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GIKAS, Paul W. i
Mechanisms of Injury in Automob11e Crashes
Clin. Neurosurg. 19:175-90, 1972

ABSTRACT: (Taken fm the summary) The faulty driver may cause most of the crashes,
however, the vehicle produces the injury. Efforts are needed both in crash
prevention and injury prevention. Injury prevention requires a crashworthy
vehicle and the use of restraint Systems by the occupants. The prevention of
ejection from the vehicle and the attenuation of the impact within the vehicle
through the app]1cat1on of physical principles described above can do much
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Gilbert,R.,Eich,R.H. and Auchincloss,J.H.Jdr.
Application of Hooke's law to the elastic properties of the lung.
Am.Rep.Tuberc.Pulmonary Diseases,77:863-866,1958.

T
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Abstract:Some of the basic concepts of the resistance of materials are reviewed
and their applicability to the study of the elastic properties of the lung is
discussed. It is emphasized that static pressure-volume diagrams of the lung
approximate only roughly the stress-strain diagrams used in engineering, and
therefore should not necessarily be expected to obey Hooke's Law. It is to be
emphasized further that values for compliance and elastance computed from such
data do not give information concerning the material of the Tung alone but are
markedly influenced by size and structure.
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GLAGOV,S.
Mechanical Stresses on
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Yessels and the Non-Uniform Distribution of Atherosclerosis * o
Med.Clin.North Am. 57:63-77,Jan.1973 éf
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GOLDIN, Marshall and Apter, Julia T. ' -

A Relation Between Pulmonary Stress-Relaxation and Hysterésis in the Pressure-
Volume Loop. ' N

Fedn. Proc. p.551, Abstr. 1651, 1967

Abstract: Dog ..ngs excised while inflated with air or Ringer's solution were
stretched by increments with small (2 to 6 cc) fast 10cc per second) injections
or air or 1.5u1d. The intrabronchial pressure rose s nchronously with each
injecticn, tien fell along an essentially exponentia! time course within 50
seconds vor Tiquid- and 185 seconds for air-filled lungs to reach a final steady
pressure lever. Cuick removal of small amounts of fluid caused a precipitous
drop in pressure to zero followed by a rise, faster for liquid than for air, to
a steady pressure . A static pressure-volume relatisn for dilation (or inspir-
ation) and contraction (or expiration) was obtained from the steady pressure
levels. It shewed no hysteresis for air or liquid. fowever, if the pressure
levels were rzad aid subsequent forcing induced before completion of the trans-
ient, hysteresis was the rule. If readings were made 3.5 0 6.1 seconds after
each forcing, the area of the hysteresis Toop was th2 same for air and liquid.
Earlier readings resulted in a greater area for liguid than for air; later
readings reversed this disparity which can be explained by the greater compres-
sibility and Tower inertia of air over liquid.

SuOTHOUIELIE (T

fC0R00R000000000000006011000000000600

saddae s T LD e e AT

e we - -

~e.

et

L e

90 O 0 0

]
1
|

0
70

1

P

IR !

1

i
for .
[RR S

coceole eeoo Veeo

|

RPN S AT

icoeee e

0000 000NYH OO0 /000000000

0000600000200

L

[2

b
©
=

- i e - —— -
AR T TR s SRR NN

9y O

—®

GOLDMAN, M:cnaefvﬁjAénd Mééd, er
Mechaniral Interaction Between the Diaphragm and Rib Cage
J. App. Thysiol. 35(2): 197-204, 1973

Abstract: 5
cage in four standing subjects during voluntary relaxation.

\le obtained passive volume-pressure (V-P) characteristics of the rib
Estimates of changes

in rit -age volume (Vrc) based on changes in its interoposterior and transverse

diameters wera related to transthoracic, transdiaphragmatic, and transabdomina
pressures. Passive tensing of the diaphragm was cbtained by compression of the
abdomen with 3 pneumatic cuff. At lung volumes below FRC, abdominal compressio
displaced 7!'a transthoracic pressure (Frc) and transdiaphragmatic pressure (Pd
tracings aearly equaliy, so that at a given Vrc, the change in Prc was closely
imi + e nge in, Pdj

Eransabe-aine presserd (PSH) . y coiista
under tanciop or not. We conclude that the intrinsic pressure developed by th
rib cage itsclf, freed from the influence of diaphragmatic tension, is trans-

abdominal prassure and that the diaphragm increases rib cage volume only to th
extent thal t increases transabdominal pressure. A corollary of this conclusi
is that contraction of the diaphragm alone will move the chest wall along its

relaxaticn craracteristic.
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® - GOLDMAN, E. AND GOLDMAN, Y.L.J. @
® - gffects of Inflation on the Mechanical Pro erties of Collapsed Dog Lungs i L ;
® . Medicina (BAir) 28:107-12, May-Jun 68 (Spa.g 5_0l
o Toel
P Abstract: The behaviour of simultaneous pressure-volume curves of isolated dog - °
= lungs of the same animal was studied. One of the lungs was previously inflated - °
) = until total dissappearance of collapsed areas was accomplished, while the other = ;
® - lung remained as a control Three consecutive curves were performed with each -9
® - lung. The results were expressed as compliance (CL) and work of the loop (W¢) &
e - calculated from plaimetry. The present findings are in agreement with the fact - ¢
° that only multiple deep inspirations are sufficient to cause consistent Y e
PR changes in the surfact tension of the Tung/ T e
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:.% ?’?\]B(Lilr[?\a DATA OF THE VELOCITY AND ABSORPTION OF HIGH-FREQUENCY SOUND IN MAMMALI : : |
= TISSUES Te
92 5 Acous.Soc. Am. 28,35-57,1956 o
e i i data EN o
B i i tation of currently available z.C
@ - . Abstract: This report is a gondenseq presen e o Fissues. Y
> ”‘j on the velocity and absorption of high-frequency sound in *531‘, .
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® . GO, Barry S. awd Taylor, Michael G. . ©
® ~ Measurement of Viscoelastic Properties of Arteries in the Living Dog e
e ~ Circulation Rzcearch, 22, 111-121, 1968. e
e . o : : . . =T e
.~ 7 pbstract:Oynamiz erastic moduli and viscous moduli of the arterial wall were
1 @ = obtained at & rwner of sites of systemic vascular tree of Tiving dogs -0
B - anesthetized tath senta..arcital. Constants were caiculated using the first e
® °  harronics o/ Tressure and ciameter cbtained from a Fourier analysis of ]
o~ simultaneously vecorded puise waves. i fourier analysis of pressure and dia- e
) roter waves was siwn to e imsatistactery for determining the frzcuency depend- o
o ence of viscodiuctic constants cecause o7 ~nomalous behavior of tne viscoelastic
parameters. In the midthoracic agrta this behavior may have Deen zartly attri- 9
®  butable to arirract; hwoever, there was strong.evidence that elsewhere nonlinear o
® - pressure and A1emcter relationships interfered with the accurate determination .
e - of the relativ-.iy small, higher-order harmonic comonpcnents. . C
1 ==l -
)‘ -~ frequency dependence of viscelastic parameters, dynamic stiffness of arteries = g
) _-. elastic nonlinear-ty, SR
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GOYAL, Raj K., Biancani, Piero, Phillips, Aris and Spiro, Howard M.
Mechanical Properties of the Esophageal Wall
J.Clin.Invest, 50: 1456-65, Jul.1971
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Abstract: Pressure-diameter curves of the esophagus were obtained to define its
mechanical properties. The mucosal contribution to the strength of the esopha-
gus was negligible until the outer diameter almost doubled, suggesting that small:
intraluminal pressures are held by the muscle layer alone. For larger deforma- .
tions mucosal contribution increased and at failure the mucosa held over one-half - -
of the failure pressure of the esophagus. :

The paths followed during loading and unloading are different and exhibit
hysteresis. They are influenced by the rate of pressure change, being more com-
pliant for low rates of pressure change. They are influenced by the history of
loading, being different for successive loading-unloading cycles. If enough
loading-unloading cycles are repeated a stable loop is reached, which does not
change thereafter.

Both the mucosa and the whole esophagus show increasing stiffness with in-
creasing pressure. This behavior can be represented by a simple exponential re- . ¢
lationship. However, at rapid rates of pressure increase, the esophageal muscles.: -

$roduce sigmoid loading curves, which gradually become exponential when repeating-
oading.
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o - Crahame, P of human skin in vivo
=~ Elasticity of human ski
® - ann Phys.Med., 10: 130-136, 1969
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-5| abstract: The purpose of this paper is to describe a method of mgasgriagiilai:§:1ty,
h% e ;' in vivo, and to present the preliminary results of a study 1in e i

& 2f ;n}nue was uged in an attempt to elucidate tbe phys1ga1 properties 0
iicrhegmatoid arthritis and the effects of corticosteroid drugs.

TSI

PYPS ¥ PPN
. R A
082 ) A £
Tl
s

[y

3

3 E)|

1
<

A e

1] eai]ol
i

|
7

g2
i

.~

o000
A
T
1
1[ou]
3

1

\’"l
[0‘_“ ] XUI7
v
XXX FaCK X RS

1]
v

e

s

e
1

1
{ver

—

SRR Y

Tzl
T

N T Teef ottt
R TR T e L . -

Ll e e - e e

o

®

L)

‘ ‘ oo C
[ e e e i N °

o000 0O
LA
(U]

‘.Q...v.00"\0.0...0....0...0....

i (O p—
e S em—————-

95




‘

—— s —opp—— .

2 e, ot

i

'ﬁ;_ -nln* u_a[.o mlw{nuslw]uTn[ujnT! LsiaLﬂo[s‘ TsTz2]

B -:‘-

O.Q.‘Q...JOQOQOVQOOO...‘OO.....O..O.U

Grahame R
- A Method for Measuring Human Skin Elasticity in Vivo With Obwervations on the

-- Effects of Age, Sex and Pregnancy

- Clinical Science, Vol.

39, pp. 223-238, 1970
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1.
- in vivo.

A method is presented for the measurement of the elasticity of human skin
A simple suction cup device is applied to the intact skin and the dis-

. tortion produced in response to pre-determined negative pressures recorded.
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~-. the use of appropriate formulae stress and strain may be calculated and a stress
7 strain curve drawn, the gradient of which represents the elastic modulus for in-

= tact skin.

2. The test, which is simple to perform and entirely innocuous to the patient,
has been shown to achieve acceptable standards of accuracy and reproducibility.

3. In the present study, the phy51o1og1ca1 variation in skin elasticity that
ccurs in respect of age, sex and pregnancy is 1nvest1gated and the implications
oncerning the physiological changes that occur in skin collagen d1scussed
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GRANT Michael E., Phil, D. and Prockop, Darwin J.

= The Biosynthesis of Co]lagen (First of three
N. Engl. J. Med. 286:1949-9, Jan. 1972. parts)
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Jr., M.D., Tindall, George T., M.D., DiTilon, Marcus L., :
= M.D., and Mahale,f, . S., M, 5! °
= Mechanics of the Human Common Carotid Artery In Vivo , 3 °
- (Circulation R2search, Vol. XV, pp. 240-246, 1964 3 o
T ASSTRACT: Tr2 purpose of this study was to evaluate the relattion between laterals- @ !
me .~ intravascular pressure, vessel diameter and vessel length in tthe common carotid . @

° = artery of thz human subject during life.” The mecsurements weme obtained from = g

—= 13 male patieats during surgical exposure of the common carotiid artery for various - .-
® > clinical conditions. = <

o - The relationsnips between lateral 1'1travascu~ar pressure,, vessel radius, and : -9

@ --  vessel length were evaluated in the common carotid artery in wivo in thirteen _ ’.

@ - patients during treatment by surgery. Strain wa: measured in: the wall of the -9

e .. carotic artery by means of an electrical caliper sutured to tine vessel wall. ENE
= Lateral intrasascualr pressure was measured directly with eitiner an 18-gauge = 9!

L - needle or a short polyetnylene catheter connected to a Statham, P23Db, strain = __
1@®->  gauge. The results indicate that circumferential and longitwdinal strains in =" 3

® -- the commor. carctid artery were both small. The nean systolic. change in cross- - ¥

@ - sectional 2vea was 2.10% (:x SD 1.08) of the end diastolic ure:a. In three = E

P T patients a nagative circumferential strain was oroduced by making the cross sec- ' g

._-g— tion of the vessel elliptical. During systole, iongitudinal strain increased = ®

o o in four patizats and decreased in six patients. . ‘—5 '
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Greenfiela, Joseph C. Jr., M.D., Tindall ; ] :

P 5 . Jdr., M.D., Tinda Georg: T., M.D., Ofillon . :

°-" M.D., and ianaley, M.S., .‘;I D. ’ ’ g ’ ’ » Marcus L., 1 ©

o _ Mechal;ﬂcg of the Human Common Carotid Artery In Vivo i,-:ﬂ‘ e

3_«_—_ Circu? «tion Research, Vol. XV, pp. 240-246, 1961 B

- . @

@ - ABSTRACT lcont): The average change in vessel segment lengthh durin N -

- o , systole was . @
» - approx1i-ately 1.0% of the end diastolic length. : e as S
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1 o Grossman, William, Haynes, Florence, Paraskos, John A., Saltz, Stephen, Dalen, . @
y = Jdames E., and Lewis Dexter 1“5"* ® f
‘ ® - Alterations in Preload and myocardial Mechanics in the Dog and in Man 5 ° t
® 7. Circulation Research, Vol. 31, pp. 83-94 L.;!
, 1 ® . ABSTRACT: Based on a myocardial mechanics approach to the analysis of left ven- “ .!
® - tricular contraction, several indexes have been advanced as specific measures of = :
>_ myocardial contractility. Although two of these indexes, Vmax and [(dP/dt)/PImax = @ ;
@ - ' have been shown to be appropriately responsive to interventions known to alter i e
"@ - the inotropic state, controversy nas arisen as to whether they are unaffected by > €
1 P alterations in preload or initial cardiac muscle fiber length. This study was . @ .
<. undertaken to determine which, if any, of the indexes obtained from myocardial me". °.
® "2 chanics analysis of left ventricular systole is independent of preload in the ,
® - intact heart. Increases in left ventricular end-diastolic pressure were pro- '.__L‘ :
@ - duced in seven dogs by infusion of dextran or whole blood and in eight patients - @ .
@ - Dby sudden elevation of the legs during cardiac catherization. In dogs, elevation: @
® 7 of left ventricular end-diastolic pressure was accompanied by a progressive B 4
decline in botn Vmax and [(dP/dt)/PJmax measured using total pressure (P<0.01). T e
9._} In contrast, Vmax measured using developed pressure was unaffected over a wide e
® - range of left ventricular end-diastolic pressures. Similarly, in the eight pa- = -
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