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The design of an elasticity exercise for applied physics
students in the health sciences
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AnSTHACT. \Ve describe an elasticity exercise for physics studcnts in tlH' ~H'alth scienrc:;. The
experimcntal setup is detailed, alld flexihility Jllt'aSlIl"('ments aH' made with dilft'rent ccntral venollS
cathetns. Determination of the e1a,.;;tirhystercsis ryc!('s propost'd for silicolI, PVC ami polyurethane
catheters. Finally, the n~slllts ohtailH'd are present('(1.

RESV~fE;';. DescribilIlo:; \lna pr<ietica de elasticidad para los aluIIlnos dp física en ci('lIcias de
la salud, Se ha especificado el IIIoIlt.ajt' ('xperillH'lltai y se ha IIIpdido la flpxihilidad <1('distintos
catéteres de implantación vcnosa ('('ntraL Se hall determinado los ciclos d(' hist{'r('sis e!<bticos para
catét('[(,s de silicona. rvc y poliurptauo. Por último se presentan los resultados obtenidos.

rACS: 01.40; 46.30.l1e; 46.30.CII

1. I:"THODlJCTlO:"

~lany arcas in pliysics offer possihilities foI' preparing illt(~r('stillg alld 1101too complicatrd
('xcrcises for first. y('ar llIlivcrsit.y stll<lcnts iu physics, However, in t.lw ('ase of clasticity,
few ('xpefimcnts an' availablp tha! prove lo he of suffirit'lIt illtefest for physics studcllts
in t he lH'alth sciellct's, e.y .. ill pharlllacy. 1Il('<iicine, etc.: t hp:-;p heing dis('iplines wher" t he
elastic behaviour of biologieal lnarerials is of particular relevanee.

The aim of the present papel' is lo describe an elasticity ('xercise devl'io¡H'd [rom research
work earried out in Olll' Uuir of I'hysies Applied to Pharmacy, iu ('o¡¡ahoration wir h t he
Intensi\'(' Care Unir of 01'. Peset Jlospital (Valencia, Spain). Tbe nwthod determiues rhe
piastic charactefistics of diff"rt'lIt polyufethanc, PVC alld sili(,oll c(,lItral \'('llOll~ cathptprs
and their possibh' l1lodifiratioll throllgh c1iuÍ('al use [1].
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FIGCRE l. Deforlllation (6) of a solid of Icllgth L, snhjected to force lH'rpendicu!ar to tJI(' longi-
tudinal axis.

2. J¡;STIFICATIO:-:

Catheters devrloped for clinical use must be sulficiently flexible to prevent lacl'ration
or tearillg of lhe vascular intimar:" during implantation: llloreo\"e[, cathrtef introductioll
llsing an interwll gllidc should ayoid po:'lsible lH'll<iing 01' perlllaIH'llt cOIlstrictiollS. COll-
sequently, thc physical paralllPll'r lo be (,ollsi<iered in au)' e1astoIllctric ('xefcisc (Fig. 1)
is the deflection or displacement pl'r unit force perpendicular lo Ihe cathl'tl'rs (ó/ F) this
in tum being relaled lO '{oung's I'lasticity modulus (E), the mall'rial employed and thl'
geometric charadpristirs of t lIe C!cforllled 1>ody [2] via tIte followillg: equation:

h
F

(1)

",hefe 1 is the geollletrir lIlOllH'llt of illertia. For an internal and ('xternal radius of 1'1 ami
1'2. [eS1H'ctive1y. 1 is dctenllilled hy

,1 .1 7íl = -(1"2 - 1"1)-'
4

(2)

Cons('(¡nenlly. greatl'r-or-les",'r f1l'xibilily is nol only dl'Ierlllin"d by 1he lllall'rial elll-
ploYl'd hnt also by th" g"Olnl'lrical characleristics of Ihe cath"l"r, i.c .. flexibilily is a
funclion of Ihe prodncl El. On Ihe oll",r han,!. Ihis prodnct has consid"rable clinical
illlporlance, for as delllonstraled by Stl'nqvisl el al. \41 and Bl'llnegiml el al. [5]' El
pxC'rts a dptermillillg illflllC'IlCf' 01l throlllblls fOflllation dllring ('('lIlral \'f'tlOIlS rat.lH'tf'riza-

tion. Indeed, thrombus fonnatioll illCreaS('s appn'ciably rol' catheh'rs with El products in
I'xcess of 1.6 x 10-5 ;\m2

Thus, in vicv ..' of the clillical rt'1('vanc(' of the product El alld t he difHclIlty involvf'd in
devrloping an experimellt.al sr! IIp lo ('va¡nall:' cal llt,ter dl'fil'ctioll Wllf'll suhjected lo forc('s
prrpclldiclllar lo the longitudinal axis. w(' propost'd lhe (1Ptt'rminatioll of YOllng's tIlodulus
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FIGURE 2. Deformation due to unidirectional traction OIl a salid subjected to longitudinal force.

during unidirectional traetion as an alternative approach to study catheter deformation
(Fig. 2) [31.

3. EXPERIMENTAL SETUP

For a body subjected to lengthening by unidirectional traction to satisfy the law (t.Lj L) =
Fj ES, the materia! employed must undergo deformation within the corresponding elastic
limits. In the practical example of central venous catheters, the lalter are manufactnred
from plastic materials such as PVC, silicon, etc., and limited forces must be applied
to secure very smal1 deformations. Moreover, we have determined whether by measur-
ing lengthenings after constant time intervals fol1owing each load a near-elastic catheter
behaviour may be obtained with a eonsequently acceptable E value.
The proposed experimental setup is shown in Fig. 3. One end of the catheter (C) is

snspended from a serew (T), which is in turn fixed to a rigid bar (B) of adequate length
and stability. \Veights (preferably fiat and of 10 g each) are added to a smal1 metal plate
(P) suspended from the lower tip of the eatheter, to produce lengthening.
\Vith the plate initial1y unloaded and the micrometer (M) setting at zero, the catheter

and plate are lowered via T until the base of the plate contacts with the micrometer
tipo In order to eliminate subjeetivity in establishing the moment of contaet, we use
an e!ectriea! system (Fig. 3) in which a mil1iamperimeter (A) registers current passing
through a resistan ce (R) when the circuit doses as P contaets with the tip of NI (switch
(1) turned on). \Ve ("onsider this initial zero setting to be of particular teaching interest,
as it stresses the need to calihrate zerq wllf'tl lIsing a measuring d('vice.
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FIGURE 3. Experimental setup employed.

Having eompleted zero setting, the first measurement is made by reducing the mierome-
ter serew so that free lengthening of the eatheter may be aehieved on loading P \Vith a first
weight. After a prefixed equilibration period (1 minute, approximately), the micrometer
is slowly serewed up until its tip again eontaets the base of P and the galvanometer needle
is seen to oseillate. The micrometer reading indieates the resulting eatheter lengthening.
Instead of the method for measuring lengthenings described, any other method related

to measure length, like displaeement transdueers, differential transformers, etc., can be
used.

By measuring a sufficient number of lengthenings eorresponding to different loads, we
obtain a set of experimental points (F,6.L) from whieh the points (F/S, 6.L/ L) may be
transformed on taking into aecount eatheter length and eross-seetion.

Subsequent linear fitting of (6.L/L) = f(F/S) by the least-squares fit method yields a
regression straight line where the independent term should be very small; the inverse of the
slope in tum provides Young's modulus for the eatheler materia!. If the students earefully
perform these measurements straight lines with eorrelation eoeffieients in the orrier of
0.995 may be obtained; this being suffieient given the eharaeteristics of the materials
employed (Fig. 4).
The above experiment may be performed using different thiekness catheters and ma-

terials. Conelusions may eenter on eomparison of the El products obtained and their
relation lo the maxinmm vallles permitted regarding thc risk of thromhogenesis [3}.
The exereise may be extended by deriving the elastic hysteresis cyele of the catheter

material: this simply reguires the simultaneous graphic representation of the points
(F / S, 6.LI L) above and the set of points obtained fmm the progressive unloading of
weights in P. Figure 5 shows the elastic hys!eresis eyele of a silicon catheter.
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FIGURE 4. Relative deformation as a fuuetion of the forces applied to three ditrerent eatheters:
(A) silicon; (D) PVC; and (C) polynrethane.
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FIGUHE 5. Elastic hysteresis cycle corresponding to a silicon catheter.

About Fig. 2 \Vemust point out that, although in this kind of thermoplastic materials
the non-lineal deformation occurs \Vhen the load is increased and the deformation is lineal
in the unloading, in our case, deformations \Vere so slIlall than \Ve can consider a lineal
behaviour in both cases, i.e., \Ve are \Vithin the elastic limits of the materia!. Logically
d ne to the characteristics of this kind of materials, the results sho\Vn \Vould be modified
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when the waiting time between load and measurements was ditrerent from the one used
to obtain Fig. 5 (1 min).
The fact that the loading-unloading curves do not coincide and that catheter length do es

not fully recover allows the teachel' to comments on the irreversibility of the defol'mation
proeess -which will be all the more important the greater the area enelosed by the
hysteresis cyele.
Finally, our aims is to offer an exercise of interest to the physics student in his or her

first year university studies in the health scienees (pharmacy, medicine, etc.), where in
our opinion the role of the physics teacher is to emphasize those points of interest and
greatest use to sueh students.
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