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MSE/BioE C118 - Biological Performance of Materials

Prof. K. E. Healy
465 Evans Hall

Exam 1: October 16, 2003 Closed Book Exam
Please answer all of the questions clearly and box your final answer. Useful equations, data, and

physical constants appear at the end of the exam.
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1 You are asked to measure the mechanical properties of a new semi-crystalline ultra high
molecular weight poly(ethylene) to be used for orthopaedic total joint replacement implants. You
can assume the Maxwell element can satisfactorily describe the viscoelastic behavior of the linear

polymer. (25pts.)

a. First you conduct a typical engineering stress-strain test using a constant rate of tensile
strain. Write an expression for the differential equation for the Maxwell element and solve

this equation using appropriate boundary conditions.

b. Sketch a stress-strain curve and demonstrate the effect of in;ﬁ'feasing strain rate on stiffness

tmoduolusl———

¢. Does this model give an accurate qualitative description of linear poly(ethylene) in a stress-
strain test? figa
A J e i , Mw;"’{’&p Zsp Y

Y 9 iomeite/ STrawv - J ]
a) M‘RHQM MM . fvﬂ G( r?r ﬁ. i:ﬂx'j { -..Erl:'-f WA f’J‘Ji? 7 | gfﬂ W -_-I '?'L’_’f—';‘;r—-“ﬁq' f—‘ _W‘q
: ]~ ot -

o s applied £~ 7= Vs & 'T‘Jﬂ’F | ,
.'I ‘1£ | ZUJ -—L——ﬂ E 3 { P . f A él agec ¥ é,: d = Eﬁ --’- +—q- *‘5 —d
S e | o 2 i e Z’F ~ de E '

. A ol il B
P I: [t
g U
" 2 L
[ | ¥ l-.' vl (!
e | i =l ] Sl
. 9 4 - "
Ty | Tl
gl ) A& i s
& o [ s o 4t
|
% % ] 1 i.l.-‘
A 5, al . 1 ]
LIk ] |
L0 . =~
S

o Tatiallc ndadn - ool
Ui Ao
y‘ﬂﬂhrPU -E SO

A e
C es’ PdfComp

.

-
. —
i i || 4 T R
L] n . - - E =
e Sy Tt L S i B { :
Filem - - b - T [
=gy I P e == A
j 5 ] Wy b LI e T e T N |
U e '
. = 4 15 ‘." 'i._-_....ll
r = § g 3 4 R =i
Ly O LN B
. b i r = % g -
S ¥ i e PR x
"":r"..“_._'l ﬂ,1;_ ,r -
o, "l | - T et LT i !
3 . [.-_ T K Py .
e, By S L= *
\ Y A= Xl e
el &
| 7 Amdia e L / q 1 8
i I'--::'.I-'.. J .l i :
e o ST 5
| LU i



tommy
Text Box


L] L N -

N4

- MSE/BioE C118

2 Poly(L-lactide-co-glycolide) is a semi-crystalline biodegradable copolymer that has found
 widespread use in medical devices. You are given two compositions of this copolymer (o evaluate
for an implantable biomedical device. You decide to implant each of these materials into the muscle

' of a well-established animal model to evaluate their biological performance. When you implant a
nerate a e of reactions that leads to the development of a stable

- material in - 2
" tisswe-implant interface (1.e.. interfacial hierarchy). (25 pts.)

o . i s

— *-#‘-—h

e —

a  What are the relevant bulk and surface characterization studies you would conduct? Be sure
to describe what the characterization techniques measure and their lirnjtatioilij

-

=

b. Describe the development of the interfacial hierarchy over time.

What type of long-term interactions can occur between the implant and the body?

d. How would degradation of the copolymer affect the interfacial hierarchy?
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3. In class, we used DLVO theory to approximate the interaction free energy as a function of
distance between a polymer (flat surface) and either proteins or cells in salt solution. ((25 pts.)

@: Explain how you would calculate the total interaction free energy W(D) curve for both a
protein and a cell approaching the polymer surface?

{g 3

MISION
T-O%3Ketch representative curves for the Debye length (k") at various salt concentrations. What
parameters of the system affect the Debye length the most.

The electrostatic interaction free energy term depends on the Debye length (k™). For a 0.2M
CaCl, (1:2) solution calculate the Debye length (k') at body temperature (37 °C)? How

would this k™' compare to a 1:1 solution like NaCl?

@ d. Sketch how altering Kk”-dffects representative curves for the total interaction free energy
W(D) for both=aprotein and a cell approaching the surface. Make sure to include
representative features of the curves and label them clearly.

Oe. Based on these graphs and DLVO theory, describe initial events occurring at the surface
after exposure of the polymer to a 2:1 electrolyte with a concentration of 0.2M solution

containing both proteins and cells (e.g., serum). What would allow the cell to overcome the
energy barrier at the 2° minimum to approach direct contact with the surface.

)L_VO )= Wa (D) TRWE (D) o
B Wa (D) = va~ der pwulfs  atim1? enégy) |
ompression by CVISION Technologies-PdfCompressor. For Evaluation Patpgses @
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4 You are asked to evaluate a coating that purportedly minimizes protein adsorption. (235 pts.)

/r‘ . & L
/_Z; a) What are the three key aspects of protein adsorption that affect the biological
X performance of a material?

M by You conduct a protein adsorption experiment (O address the aspects defined in a) o

| determine the magnitude of protein adso tion. How would you perform this
b s "-.-.-g p e rp . " -

experiment-and what would you measure? What would a typical protein adsorption

curve ook Tike7 Miakesare to identify appropriate regions of the curve.

I e !

@ff{:) vou then decide to conduct a protein adsorption experiment where you increase the
concentration of protein successively after the surface excess (mol/area) has reached
equilibrium. You obtain the curves below comparing ‘“‘direct’” Versus “successive’
protein adsorption isotherms. Why does the successive experiment have much less
protein adsorbed (o the surface? Is the coating hydrophobic or hydrophilic?

“Direct”
Surface
O Excess
(mol/area) “Successive”
2 e
/
/
— . e —— — -
-~
s
e
- = -
-
s
Time (sec.)
T
d) What are the “new” themes fgLsuLfaC&&_Lbal_EﬂEiSJ.ﬁfmein—aﬂSD:Pﬁun? Does this

N Teehnofogies PdfCHifTessst. henr EvARSaton Pu F‘pfié‘sggr

Drotein a


tommy
Text Box


contaus SR VAT W= nei s
-.E-' — EJLE-— - .-::ﬂi'i:- E._ - Eﬁf E.-J.F
AL Asp - - 4T
= T_T‘-‘ Ef-ﬂf a‘;’: E 1L
—_ AE}
Y] e
~) A%
Ay
A 7
; P 1A {n- 1 L
Ailvat drdor WU A\ fowent S st
I'.l'-- IJ. Al ""'--.-t..l‘-"l
Jr | | b= E t.‘u" Jiim's I’l|.,n.ﬂa]rd—"‘i~':|, Ll /
‘I L.‘_E- 1 i‘uh‘“} W * nA” 5 *
e :
| [ |
II - __.'_- |II k L LJI.#. 7 }
\ Splahnian II-"'| F _3T {1-
g . &
f —L !""lhr. "H' S - |:"1-"'1i-
E d+% Tl :i:. | 2
d E;, hit): E;"L
a N BT \e ailr) N
— 1‘ — - ;,‘._.- __._,_._.- EIJ AL E,..‘L
e YL " 1 : ‘; " = £
e — :
: ©%/y W= ey
T b (S G e W e o ] SR
; A -
Sr\anen v E = £ = du= = AL
1
i - E1
' L X/, ”
L T die=0r )WEE’L ’}ﬂ“m:"l CL =
e e )i
E - Bty
"2 =i ﬁl. C e
Y fet B - A’L. 4 - | iR
I.{' T-"E.- '-P"-.En
: == E-_":--';,-* i
CVISION — M=

mmosﬁ .

At )il
| 1 ¢ . b/ l']"
i ot o O )
. ] e j
’ o 3=0 &=k T EL, ' AN TV A
[y | _ » - .--;QE:: = Aov AL A (- & TV
I T :"'E 5 .-_“""'-—9 =N v B I —_ 'E-.:.-' ey

Cay -




] | o
£ é"af*% 5 < Y i
+ c
S\a{wgg&ﬁ#
e
s e 2 5
gt- - ()],
&t '/"] ézx (K '%7_ % "‘7 *(7*'\<';—\
P*j{-‘ /E;\. (2 {'!: ~ fﬂ(i\
S L% e e =g
© g e : i
& s ”JZ/’
iy o e —
o i 1. _-_—_h'"‘“-—--_h v Tt
i = _ et —-& ~ f—
Lo

}':;”C\'/ISION Technologies’ PdfCompressor. For Evaluation P

1N



A
iy
K

: ! T,
ks g CViA
\ vate,
=
3
'-\ ..-'}"IL I:.Ji. E.‘ - L‘
dx
| T accman¥ el
| 0 -,_,_“_a.,:hr-‘rn..Jt Vel
y LA Al rJL-Lft" ok s 'ﬁ o
(LJ [ = A O V f . @, II'n---:}v..'‘I''l-.ul'...r‘--"':;
"ig:____—;{__[—.'-l- J_-I!'-:_' pe J"‘W"-"
. _ L 510 of \
2= 'J'-':il{'n.- n:wl“?"]ri'frwq.;if:‘x VB I:'L'II\LF % \ D ;
: < S5
. = : —JEn - =
P ag iy e TR i =
{:;-{""L'" . \.ll v ~—.:"

(o

CVISION

TECHNOLOGIES

CVISION Technologies’ PdfCompressor. For Evaluation Purg



R A My =R TRy R N N LT S e e T L i e R

A’ -;.*l |N,End..l-‘
‘JL f.:'-.i-v-ﬂ-‘%\{;‘"
].‘ E“{;Mﬂ'* (Al %L'—-H .-\2)_ -— ";‘.""-'Jr CIVIES Vy C waw Cq.,l.,fuf{.{:-, 'E?\.,h tat.-..i_.--

;“__,bf waeth e eAr. bt el AUueS (ve A e Machve

). DEC—get Yeviid chavadenzahian T, Tu
E'Ji"'-:!-? ﬂ:'tf.lf I}-{m' CL ﬂ,vvlﬁ'l."k_,ULl ibbhd

|,':n.l..{- il\ ec v Chw et St Ty é't:u.{f_,.-

‘Em‘-'u’»{'ur.t QRAsp Lest
‘E_, uﬂﬁ.{,i id.mi-L(_, = W'L-\L':l_i"-'b-l.lll';'k'lj i d qmvm E. Hﬂ&""‘\' U_l!,-u_‘ .:,b-t.fh?
‘11.&;1.‘1'-’:1&) W ag Vet . not u’fzﬂj Lo Ny
r_,k _:_,q_;_J._H_,__ L"il"_."l\il‘.-t.‘: :
4. XTS - chevnical bt of TV SnVibrce i 10=2501A
Eﬁ-?ﬂméﬂﬂ j Gamplec vt bdor vacine
\ i .
‘ - 11 e
5* P(FM e 'JE'UYU;J\VhTVLi{, lﬂ’\if*-ﬁ'\t‘:f: a% T -’-S-Lxu{-n.u_,‘, “{;’M-“’“"’
Vv \ow VYTse i r a_a&m.,&k o ﬁw,luwn.ﬁ.«-

fd)

4 (b) Wievac al h'mmvcbu-l
by - 1avelles Twe Vﬂﬂ\"{'.-;—él.:-‘x"ar el event< E’l,zw"f‘fnﬂ favwn The Tuihad
wao le e\ oy’ ‘icm;’., & waall MDIEm\tE) MEW\IT‘\W‘LE ﬂ"l.lr"‘ﬁ'\“jf-v'
MH/;N OV WAl VY A0 | Lo | -/ n“{gw_z_\:ﬁf”"—f 'h e
gl wl Hvad Ebj — g2~ AL m«'ﬁw._.-.f% e old &J.ﬂ'q‘rsz%
2 £y |
?:T:;Krjﬂ .‘k.;i'"v‘\ adsovenon Tv’!}ﬁ-'kvl cnd, L,‘«.\.‘-"nd aASOVY N
A0 FA fzmb’wwwﬁv‘ Emfﬁwwhwm {;Wc]u
mn.-.u:w venk : el adWesion, aX{acunint , #Rtading
Thbﬁb‘ﬂj?tb E‘FT‘&"T.';‘E*'I.G‘-’-L

- : . ' ot
Heoone \eval evants: Tssue fvwahon 1 “?ﬁ“%i{:ﬂ
VeV A an M NV Hm&,.mm ot i = :

o wA LAl cad ¢ vt (_A) AN
(_E‘\ \mcl- reywa T acthims c:%'-”’? ﬁ%&wh\_}w Ipv aiﬁwﬁ ﬁ'ﬂ?
\;; U \nogY ves ? INAC TD ke 14l r-l dwi'::{ﬁ*‘{ o ﬂfjmtt:tzlﬁ Wﬁﬁﬁé
( wd el VEsrunds oSt Wh:t ﬂ:;;: 1kaad

n by CVISION Technologies’ PdfCompressor. For Evaluatiof



b i 'I!||. . w F [ ¥ . : =
1 ¥
L L - " R X

w(D) rtvatinn  Yed enevpy s Yl Sww ot -t

. pACChWS TR w‘uigl:m-ta;n.-n : £

| . e
i a sl : } ] : f l‘\‘— ¢ i )
2" Mee R L_‘i‘.}, - L-!?;:_.,\‘I L'¢ “‘1”“ X L —% )i Un (1‘ - ’}

‘LR \ — ¢

1 AW Voo der Waals  cucttvachina: s be recren Jgf‘f_f_ e ALGS .
i

{f - = 1,1_
\hfh"u A I":\

. \/ o
I*L;,""“- K~ f_"-“-;qE( x_l" e = |. 602X \D L: i
‘ =t 3 k= \l.38\x\C T/ A
; :;:-\h Rl £ e - E*.%E”“i'*'-u‘ C/ 1
3 T=37C)" 4e
E'rﬂ...r..-{\‘_
i MEILG—LH‘J-
A 10 3
(0.2 Y umu(i. potE mrles \. 204 =
eliatds C NF- { = -__.__L_- L._-;-‘F'_ ) = r»"‘rf\
|
I,lﬂfh*i =/fE£uL'I...
|

- | _I-l.li.-:
(1. Goz X ° AR L Xz I\ i

B

(1281 X \D ~ "’F{g_)@w\l LY g

s A - Wi
BAZ ISR A ]\

- |

(LL}j I L,";ﬂ-n",} \Ihf-L ;

'FZ": ?_.5{:;-“-15‘{‘ W
L'i: 0.241 n~ L;: £ 1 O &

&o 'wxh an |\ S .L:L-"-'E]-Luf“ TMan v{lpvr:-.,

da-\rv){ .\‘Lvub'ﬂx -f-w* g By
1% gowmm o

OB

CVISION

TECHNOLOGIES

'__(j/!ISP-ION Technologies’ PdfCompressor. For Evaluation Purg



w
L]
N
“-
¥
» # A
) .
| L Wl b |
! ¥ Al L
" A o s s ‘
!
fl.“ 1 Vi / t“-\t-'ﬁ
€8 NCA | o ’
il - : 2
- . 7 el ¥ ;".'.r“_ ke L A" | T » il-‘f rr‘*". '-h

/ Tll"'p.r 'l" J'-rh{i‘— | i ‘[1
".'t;- ‘Tk.‘r_ ":f-"" lI"'.l_r_,l..-- F Fi / i & G : L K s i "1.-‘. !'I..-L (e 1{ v {—h - o
":..L"‘J- FL %j". 'r‘ 't-"- 4 ' i-'i'q-' 1.". i I,' W e :.h-\ll‘m'h- !rl.l-&J'
. |

CVISION

.
y pVISI@N-‘—*Fe'cﬁn“ﬁ ogles PdT“CBinpressor For Evaluation i




|-- Ill L1
dtlfesent @uwow* % Ltee\  QreTEIR

r Yo X A C Moy A\ &JU"‘LL-'L‘ s S cCCessSove

T"-‘"\.f._ [ L.,LF,—RG-LA-_-H C.u-r'*-x‘iﬂ-‘“ =

% S - = [ |
Yo |\ox Nt {oAcr A TE-J..*{} S
\ !

—

o - ( =
5 .-’.::.”xc_.::r s O ro =T ll‘“\.“-\:}‘-" - :-,\.J'—»J‘x Vond, ﬂ.(’.E.-EP"E' A .?\,_ ﬂfu L.-L?l-:
2 Nz e~ c M« e e

Jhies & oo * NKLE S ce ¢ \Moudd
Al o waln. U BLES alle 0O 1y et sudeces

; ' iy e
! O S S e 0§ o ar i e (e
NOoT (ondeLce? m’r— “’5" 8 G.l\_,l

g

AN soMe  grai—y tes = (Cvoe, e Ca
nvaltdale s cule

L _su..ﬁ,ga_,u_\ M

o

HNOLOGIES

)n by CVISION Technologies’ PdfCompressor. For Evaluation Purpi





