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The p~lrpose of this st~ldy has been lo investigate the 
burst strength and dilative properlies of several types of 
vascular graft. B~ust  strength and dilation can be coun- 
ted among the nwst important mechanical characteris- 
tics of vascular grafi. In this st~ldy. the objective has 
been accomplished; by camjing out the burst strength 
measurements both in tubular form using devices clew- 
loped in textile laboratories of University of Man~land 
and inlflat form employing AAMI [Association for the Ad- 
vancement of Mediccd Insb-uments) test method VP20- 
1986. by examining the creep behavior of tubrdar speci- 
mens under static loads. 

1. INTRODUCTION 

Vascular grafts (arterial grafts) maae of synthetic 
fibers have been used since 50's to repair diseased or 
injured arteries [J. Moreland, B. Pourdeyhimi]. Vascu- 
lar grafts are made of some basic textile structures 
and can be classified as woven, knitted and non- 
woven. Materials, such as polyarnide, polytetrafluo- 
rethylene, polyacrylics, polyrnelhylmelhacrylate, pol- 
yester, stainless steel and glass fibers have been eva- 
luated a s  potential raw materials for arterial grafts 
since 1952[Creeck 1957, Edwards 1958, Pourdeyhimi 
1986, Sauvage 1978, Szilagyi 19771. Polyester among 
those did not show aQy significant biodegradation, 
loss in strength or adverse reactions in biological envi- 
ronmentKooke 1974, Feldstein 1990, Julian 1958, 
King 1970, Ottinger 1976, Yashar 19781. 

Plain and twill in woven structures and single jer- 
sey in knitted structures are mainly used in the ma- 
nufacturing of arterial textile grafts.The successful 

. use of textile arterial grafts are believed to be depen- 
ded on the porosity, flexibility and durability of the 
structure[Pourdeyhimi 19861. Due to lack of related 
standards and guidelines in the field of textile arterial. 
many different types of vascular grafts have been int- 
roduced into the market with widely different properti- 

es since the commercial use of vascular grafts have 
started in the US in 1957. Although they have been 
widely used for the last three to four decades, compli- 
cations in vascular grafts used in human arteries are 
no1 uncommon. It is an acceptecl fact that the synthe- 
tic textile arterial grafts are not 100% compatible with 
lhe natural blood vessels, which are capable of rene- 
wing themseIves by lime. Therefore, the failure of vas- 
cular grafts is not unusual. Most of such failures have 
been related to the mechanical misnlatch between the 
textile arterial and the body arterial[Clarks 19761. Di- 
lation and bursting can be considered important cau- 
ses of failure in textile arterial, whereas aneurysms fa- 
ilure, anastornotic rupture, bleeding through the in- 
terstices and infection are among the important cau- 
ses of failure[Nunn]. Such failures not only render the 
textile graft ineffective, but also threaten the life of pa- 
tient. Therefore, evaluation of both short and long 
term behaviors of texlile arterial are necessary. Under 
this slalemenl, fatigue and creep behaviors are among 
the first aspects worth of consideration. 

Dilation of textile arterial, which is a result of fati- 
gue and creep behavior of the structure in both short 
and long term, is the most reported cause of failure in- 
dicated in ,the literature[Pourdeyhimi 1986, Pourdeyhi- 
mi 19891 and perhaps the least understood. Data on 
bursting and other appropriate properties of textile ar- 
terial may explain the dilation phenomenon. Therefo- 
re, the purpose of the study reported in this paper has 
been to characterize dilation and bursting in several 
textile arteries. 

2. MATERIALS AND METHODS 

The materials tested were ~ e m a s h e i l d ~  ~ i c r o v e l ~  
Double Velour and cooleym Do~rble Velour of Meadox 
Medical Inc, and USCI. ~ e ~ a k e ~ @  ~ a s c u l o u r @  I1 and 
USCIB ~auvagem s ion it"' I1 of C. R. Bard Inc. The data 
collected relate to only 20 mm grafts. All samples were 
tested in air. Each sample was lined with a latex ballo- 
on to prevent leaking. All samples were subjected to a 
conslant tension of 125 grams. 

2.1. The Equipment 

Tubular bursting strength measureinents and cre- 
ep test were accomplished on a device built in Textile 
Laboratories of University of Maryland. An outline of 
the device is given in Figure 1. This device contains a n  
air tank, a buffer tank and pressure regulators. The 
air tank is connected to the buffer tank with a needle 
valve. As the air from the air tank passes lo the buffer 
tank first using a needle valve, it slows down conside- 
rably. The air then passes from the buffer tank to the 
specimen via another needle valve. At the other end of 
specimen holder, a re!ease valve is kept closed. The 
test is started by opening the valve on the regrrlator 
attached to the air tank. The air slowly pressures the 
specimen. The settings on the needle valves are retai- 
ned f~ec l .  Therefore, it takes the same length of time 
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i i e r  Brotezlerde Bat 
ve Geni~lemenin 

I 

Bu ~aligmantn amact; ~egilli lip- 
teki vaslciiler prvtezlerin patlama 
dayanrmr u e  genigleme ozelliklerini 
incelemelclir. Patlama dayammr ve 
gengderne. uaslciiler prolezlerin en 
onernli mekaniksel karulclerislikleri 
arasmda say dabilir. bn r;aligmadci: 
hem Maryland iiniuersiiesinin teks- 
ti1 laboratuuarlannda geligtirilert ci- 
hazlar lcullan~laralc liibiilar formda. 
Piibiilar niimunelerir~ stalik yiilcler 
altrnclaki siiriinme daurampun~ ince- 
lemelc sureliyle) hem de AAMI (As- 
sociation - for the Advcincemenl ?/' 
Medical IrWrxurnenis~ lest metocl~i 
VP20- 1986 lcrillan~laralc diii Jonndu 
pallama dayantmt dqiimlcri gapil- 
maya ~ a l i ~ d m ~ l t r .  

Senteiik liflerclen yaprlan vas- 
killer protezler (arter protezleri) 
50'li yllardan beri has t a l~k l~  ya da 
zarar gorrni~q arterlerin tedavisinde 
lcullanilmaktadlr. Vaskuler protez- 
ler lemel bazi tekstil striiktiirlerin- 
den yapilrnaklad~r, bunlar doku- 
ma, orme ve dokusuz striiktiirler 
geklinde smifland~ralabilir. Polia- 
mid, politetrafloretilen, poliakrilik- 
ler, polimetilmetakrilat, poliester, 
paslanma;., ~ e l i k  ve cam lifleri gibi 
materyaller 1952'den bu yana ar- 
ter protezleri icin muhtemel ham 
materyaller olarak clegerlendiril- 
miglerdir. Bunlardan polyester. 
6nemli herhangi bir biyolojik bo- 
zulma (yani biyolojik orlamda, mu- 
kavemet ve ters reaksiyonlarda ka- 
y p )  gostennemigtir. 

Teksiilclen yapllan arter protez- 
lerinin iiretiminde qogunlukla do- 
kunmug slriikliirlerden bezayag~ 
ve dimi, orme yapdardan ise single 
jersey kullan~lrnaktad~r. 'I'eksiil ar- 

ter protalerinin baqarryla kullanl- 
mmin, yapinln gtizenekliligi, esnek- 
ligi ve dayanikl~l~gma bag11 oldugu- 
na inanllmaktad~r. Tekstil arter 
alanmcla ilgili stanclarllar~n ve ti .-  
ziiklerin eksikligi nedeniyle, 
1957'de ABD'ncle vaskiiler greflerin 
ticari kullan~in~nin ba$amas~ndan 
bu yana pek qok farld~ tiple vasku- 
ler protez, genellilde farld~ Bzellik- 
ler ile piyasaya solc~ilmuqt~~r. Son 
oluz-k~rk y ~ l d ~ r  g e n i ~  qapta kulla- 
n~lnug olmalanna ragmen insan ar- 
terlerincle lcullari~lan vaskiiler pro- 
tezlerdeki kornplikasyonlar yaygln- 
d ~ r .  SU da bir ger~ektir ki: sentetik 
tekstilden yapilrnrg arter protezleri, 
zamanla kendini yenileyehilen do- 
gal lean clamarlarl ile %lo0 uyum- 
lu degildir. Bu nedenle vaskiiler 
protezlerin bagar~slzl~g~ beldenme- 
dik bir sey clegildir. Bu tip yetersiz- 
liklerin ~oFju, tekslilden yap~lan ar- 
ter ile vi~cut  arteri araslndaki me- 
kanik uyumsuzluk ile ilgili bulun- 
m u ~ t u r .  Genigleme ve patlama, 
telcstil antercleki baqaris~zl@n 
onemli nedenleri olarak gozdnune 
almabilir, bie yandan damar genig- 
lemesi, anastonlotik f~lik, qatlak- 
lardan kanamalar ve enfeksiyon da  
I>a~anslzl@m onemli sebepleri ara- 
s~ndadir. Bunlar yalnlzca tekstil 
grefi elkisiz hale getirmelde kalmaz 
aym zamanda hastanm hayahn~ 
da tehdit eder. BLI nedenle, tekstil 
arterin davraniyn~ hem k ~ s a  hem 
cle uzun vadede clegerlendir~nek ge- 
rekir. BLI du r~~rnda  yor~ilma ve so- 
riinme clavrani~lar~, ilk olarak g& 
6niine a l m n a s ~  gerelcen kriterler- 
clir. 

h s a  ve uz~in  vadede striiktiiriin 
yorulma ve s i ~ r i ~ n m e  davran~g~nrn 
bir sonucu olan telcstil arterin ge- 
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niglemesi, literaturde en qok de& 
nilen ve belki de en az anlaallan 
b a ~ a r ~ s ~ z l ~ k  neclenidir. Patlarna ve 
tekstil arterin diger dzelliklerine 
dair veriler, geniqleme olaylni aqk-  
layabilir. Bu nedenle, bu  yanda 
s6z edilen ~aligrnanm amacl; qeqitli 
tekstil arterlerdeki genigleme ve . 

patlamay1 karakterize etmek 01- 
mugtur. 

Test edilen mate~yaller gunlar- 
d ~ r :   ema as he id^ ~ i c r o v e l ~  Gift 
Katli Velur ve ~ooley@ Gift Katl~ 
Velur (Meadox Medical Inc.) ve De- 
E3akeyB ~ a s c u l o u r 9  I1 ve (C.R. 
Bard Inc.) Yalnmca 20  mm'lik pro- 
tezlere iligkin veriler toplanmighr. 
Numunelerin tiimn a g k  havada 
test edilmigtir. S m m t ~ y  6nlemek 
iqin her bir numune lateks halon 
ile kaplanmigt~r. Biittin ntimune- 
ler, 125 gramhk sabit bir gerilime 
manlz b~ralulm~gtir. 

2.1. Ekipman 

Tiibiilar patlama dayammi 61- 
~iimleri ve siiriinme testi, mary- 
land Oniversitesi Tekstil laboratu- 
varlannda kurulan bir cihazda ya- 
p ~ l m ~ q t ~ r .  Cihamn taslag~, Sekil l'de 
gBriilmektedir. Cihaz; bir hava tan- 
lu, bir tampon tank ve  basin^ reg& 
latorlerinden olugmaktadrr. Hava 
tanlundan gelen hava ilk olarak bir 
igneli.valf vas~tasiyla tampon tanka 
geqerken dnemli 6lqiide yavagla- 
maktadir. Sonra hava diger bir ig- 
neli walf yolu ile tampon tanktan 
numuneye geqmektedir. Numune 
tutucun~in diger ucunda yeralan 
q ~ h g  valfi kapalid~r. Hava tankma 
tutturulmuq olan regulat6rdeki 
valf a ~ ~ l a r a k  test baglat~lir. Hava 
yavagca numuneyi siluglrrr. fgneli 
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PRmURE DISPLACEMENT 
C O M ? R m E D  AIR T U N S D U C E R  mNSDUCER 

V 
B U W E R  TANK 4 4 
REGULATOR VALV 

DISPI.ACTMrN1 
TRANSDUCI'R 

Figure 1: Outline of Device Used in Experimenis 
gekil 1: Deneylerde kullanllan aygihn gene1 hallan 

Figure 2: Photograph from Bursting Strength Measure- 
ment for Cooley@ Double Velour. 

*kil 2: Cooley@ Double Velour i ~ i n  patlama d a y a n ~ m ~  
ol~i imiinden fotograflar 

for each specimen to reach the pressure on the regula- 
tor. The settings are stationed such that it will take 
about 20 seconds for the pressure to reach 500 
mrnHg. Pressure inside of the specimen and displace- 
ment of the specimen are continuously monitored 
with appropriate transducers, and the data are saved 
by a digital to analog/analog to digital (D/A, A/D) con- 
vertor installed in a n  IBM PC AT and appropriate data 
acquisition software. 

For bursting strength measurements, the pressure 
on the regulator is set  to the desired level (contempla- 
ted bursting strength e.g. 1.5 MPa) and the air tank 
valve is opened. As soon as graft fails, the air supply 
is shut-off. The pressure and displacement are conti- 
nuously recorded. 

This device is also used for the measurement of 
creep extension. The pressure on the regulator is set 
to the desired level and the air tank valve is opened. 
Alter a predetermined len th of time, air supply is 
shut-off and release valv / a t  the end of specimen is 
opened. The pressure and displacement are continuo- 
usly monitored to determine the extent to which the 
materials creep. 

2.2 Bursting 

Bursting test was achieved with our device in t ~ ~ b u -  
lar form as well a s  in flat form following the AAIM pro- 
cedures. In the tubular form, the pressure was set to 
1.5 MPa and the test was operated until the specimen 
bursted. The data were acquired a t  30 Hz. In the flat 
form, the force 1,equired to pierce a flat piece of the 
graft by a probe was measured. Note that, however, 
this test exposes a very small piece of the graft to the 
probe and may not cover defect, inconsistencies and 
variations in the material. 

2.3. Video Recording of the Bursting 

A video of each graft was produced during the 
bursting test. During the test, the video port displaced 
both the graft and the voltages corresponding to pres- 
sure. Subtsequently, individual frames were cropped 
and composed using programs developed a t  Applied 
Imaging Laboratory of University of Maryland to show 
the gradual dilation during the bursting process. In 
Figures 2 and 3, photographs for ~oo ley@ and Micro- 
vel@ shows the grafts a t  the resting position, a t  110 
IPa (half bursting pressure) and a t  220 KPa (just be- 
fore bursting). In Figures 4 and 5, photograrhs for 
~ a s c u l o ~ ~ i * @  :I and d ion it'" 11 shows the grafts a t  the 
resting position, a t  1 10 KPa (for comparison with the 
other grafts) and 565 KPa (just before bursting). 

2.4. Creep (Static Dilation) 

For creep testing, the pressure was set to 180 
mmHg and test was run for 24 and 72 hours. The da- 
ta acquisition software was configured in a way that 
there would be four stages of data collection. The first 
stage (initial pressurization to the preset level) was ac- 
quired a t  30 Hz. The second stage (creep extension) 
was recorded a t  0.1 Hz. The depressurization stage 
(elastic recovery) was recorded a t  1 5  Hz. and the rela- 
xation stage (creep recovery) was recorded a t  1 Hz. 

So far a s  vascular grafts are concerned, total creep 
extension (percent dilation) may be defined a s  the ex- 
tent of total dilation (from the resting position) over a 
time period during which the graft is exposed to a 
constant pressure. As creep is obviously time depen- 
dent, longer time periods would yield larger dilations. 
Note that, however, the incremental change in diame- 
ter decreases with time. That is, under the laboratory 
conditions gafts show their maximum dilation in the 
first 24 to 48 hours. This initial period is useful in de- 
termining grafts' potential to dilation. 
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valflerdeki ayarlar sabit tutulur. 
Bu nedenle her nuinune icin aym 
zaman uzunlugunda regC11atbrdelci 
asinca ulaglr. Ayarlar, 500 mm 
Hg'ya yaklag~k 20 saniyede ulagda- 
bilecek gekilde sabitlenmigtir. NLI- 
munenin iq k~snundalci b a s ~ n ~  ve 
numunenin yerdegigimi, uygun Ce- 
viriciler (transducer) ile siirekli ola- 
rak kontrol edilmektedir; veriler bir 
IBM PC AT ve uygun veri igleme 
yazilimiyla caligan bir dijital/ 
analog-analog/dijital (D/A, A/D) 
~evirici tarafindan yiiklenmektedir. 

Patlama d a y a n ~ m ~  bl~iimleri 
iqin regiilatbrcleki  basin^, arzu edi- 
len seviyeye (belclenen patlama da- 
yaniinlna. brnegin 1.5 MPa+a) 
ayarlan~r ve hava tanklnm valfi a p -  
lir. Prorez bozul~ir bozulmaz hava 
beslenlesi kesilir. Basmq ve yercle- 
gigim stirekli olaralc kaydedilir. 

BLI rihaz, siiriinme uzamaslnln 
01~iimQnde de kullanil~r. Regiila- 
tbrdelci basinq islenen seviyeye 
ayarlanlr ve hava t a n k ~ n ~ n  valfi aC1- 
hr. Onceden belirlenen bir zaman 
siirecinden sonra hava beslemesi- 
ne son verilir ve numunenin ucun- 
daki qkls valfi ay.ll~r. Materyallerin 
siiriinme uzunluklann~ belirlemek 
i ~ i n  b a s ~ n ~  ve yerdegi~imi siirekli 
olarak izlenir. 

2.2. Patlama 

Patlarna testi, AAIM prosediirle- 
ri izlenerek cihaz~m~zla diiz formda 
oldugu gibi tiibiilar formda da  ya- 
pilabilmigtir. TDbiilar formda ba- 
sine 1.5 MPa'a ayarlanmq, numu- 
ne patlayana kadar teste devam 
edilmistir. Veriler 30 Hz'de elde 
edilmigtir. Diiz formda, diiz bir 
protez parqaslni bir prob ile del- 
mek icin gerekli olan kuwet ol@il- 
mugtiir. Bununla birlikte; bu tes- 
tin qolc kiiciik bir protez pargaslnl 
sondaya maruz b~rakbgi ve mater- 
yaldeki hatalan, ~eligluleri ve var- 
yasyonlari kapsan~ayabildigi dilcka- 
te ahnmahd~r. 

2.3. Patlamamn Videoya 
Kaydedilmesi 

Patlama testi s i ras~nda herbir 
protez videoya ~ekilmigtir. Test es- 
nasinda hem proteze hem de ba- 
sinca kargilik gelen voltajlara video 

f igure  3: Photograph f ~ o m  1311rsling Strength Measurement for HcmashiledB 

MicrovclT Doublc Velour 

qeki l  3: 11en1ashilecl@ ~ic rove l"  Dou~ble Velour i ~ i n  patlama dayanmu olqu- 
mC~~nclcn lotograflnr 

Figure 4: I'hotograpl~ Prom Bursling Strength Measurement for USCI@ DeBa- 

key@ Vasculour@ 11 
Sekil  4: USCl* DeBakevm Vasculour@ I1 iqin patlama d a y a n ~ m ~  ol~i imiinden 

port yerlestirilmigtir. Bunun ardin- 
clan; patlama prosesi slrasindaki 
genislemenin aSama asama gbsteri- 
lebilmesi i ~ i n  maryland Oniversite- 
si Uygulamall Goriintiileme labora- 
t~warmda geligtirilen prograinlar 
kullanilarak tek tek film kareleri 
kesilmig ve birlegtirilmistir. Sekil 2 
ve 3'te yeralan ~ooley@ve Microu- 
el0 'in fotograflar~; 1 10 KPa (patla- 
ma baslnc~nin yans~)  ve 220 
ICPa'da (patlamadan hemen bnce) 
dinlenme l o n ~ ~ m ~ ~ n c l a k i  protezleri 
gbslermektedir. Sekil 4 ve 5'teki 
~ a s c u l o u r ~  I1 ve BionitrM III'nin fo- 
tograflari; 1 10 kPa (dicer protezler- 
le kargllagt~rnmak &in) ve 565 
KPa'da (patlaman hemen 6nc.e) din- 
lenine konumunclaki protezleri gbs- 
termektedir. 

2.4. Siiriinme (Statik Genigleme) 

Siiriinme testi iCin b a s l n ~  180 
mmHg'ya ayarlanmigtn. Test 24-72 
saat siirmugtiir. Veri igleme yazih- 
In1 veri birikimi dbrt a ~ a m a h  olarak 
gekilde gruplanmlgtir. Ilk agama on 
basmcm bnceden ayarlanan seviye- 
ye getirilmesi) 30 Hz'de elde edil- 
migtir. f kinci agarna (siiriinme L u a -  

masi) 0.1 Hz'de kaydedilmigtir. Eh- 
slncln giderilmesi agarnasi (elastik 
kendini toplama) 15 Hz'de, dinlen- 
me a9amasi ise (siiri~nmede kendi- 
ni top lamas^) 1 Hz'de kaydedilmig- 
tir. 

VaskQler protezlere gelince: 
toplam sijriinme uzamasl (geni$e- 
me yiizdesi), protezin sabit bi i  ba- 
smca maruz kalmas~ slrasmdak! 
zaman periyodunu Gapsayan (din- 



3. RESULTS AND DISCUSSION 

3.1. Bursting Strength 

Load displacement curves for bursting in tubular 
form are shown in the attached Figure 6. In Table 1 ,  
bursting data from both bursting tests are given. Seve- 
ral important observations can be made. In tubc~lar 
form, ~ascu lou r@ I1 and BioniClM 11 are much stronger 
than their counterparts Microvelm and ~ooley@. Also 
note that although extension to break for all three 
grafts are roughly the same. ~ i c r o v e l ~  and cooley9 
exhibit much higher extensions a t  much lower loacls. 
The results for the AAMI standard method also con- 
firm that Cooley@ and MicrovelB are weaker. 

3.2. Video Results of the Bursting 

As can be seen from the four photographs attached 
in Figures 2 to 5, MicrovelB and cooley@ exhibit much 
higher dilations a t  comparable pressures. These also 
confirm the behavior noted during bursting in tubular 
form. 

3.3. Creep (Static Dilation) 

One of the important diKerence between vascular 
grafts and lhe natural arteries can be observed in the- 
ir stress-strain behavior. Increase in diameter a s  a 
function of pressure is very low in natural arteries due 
to their capability renew themselves by time. That is, 

Table 1.  Burs t ing  St rength  Results 
Tab101 . Pat lama Dayaniml S o n u ~ l a n  

Tubular Tubular 
Method 

Graft Type Strength Strain 

Vasculour I1 568.2YJ.38 
Bionit ll 582.933.48 

Cooley DV 203.1f7.17 
HS Microvel DV 2 1 7 . W .  13 

AAMl 
Bursting ~ e s t ~  

Strength 
(KPal 

1 Measured in tubular form using developed in our laboratory 
2 Measured according to procedures specilicd in AAMl Standard test 

method , 

Table 2. Static DilaLion Resulls 
Tablo 2. Sta t ik  G e n i ~ l e m e  S o n u ~ l a n  - 

I Graft I Change in I Change in I Constant 
Type IDia;;rl* Diameter 1' 

(mml 

Vasculour 11 
Bionit I1 

Cooley DV 
HS Microvel DV 

Pressure 

(mmQ?) 

11.5M.3 
10.5M.7 

16.5M.6 
20.511.0 

* Diameter measured after 24 hours. 

1 Diameter measured from resting position. 

Figure 5: Pholograph from I3ursting St rcngth  Mcasure- 
mcnL for USCia SauvageT Bioniln' I1 

4 7 0 -  USCI S:~uv:~gc IlioniL I1 
V USCI Dclld;r.y Vus.ulout. I1 

o Cooky nomlc Vclon;. 

0 2 0 4.0 6 0 U 0 100 

Prcssurc (Psi)  

- -- - -- - -- 

Figure 6: h a c l  clisplaccment c l i n e s  for b ~ ~ r s t i n g  in t11b11- 
lar  form 

Sekil 6: 'Mibular formcla pat lama i ~ i n  k11vvet y e r d c g i ~ i m  
cgti le r i  

modulus of natural arteries increases with pressure in 
human l~ocly[Pourcleyhimi 19861. However, a contact 
increnlenlal change a f~inclion of pressure is observed 
in synthetic textile arteries[Pourdeyhinii]. 

Another important character of vascular grafts is 
in their viscoelasticity. That is, they present hystei-esis 
which is <an indication of plastic cleformation. It is 
known that knitted structures exhibit large hysteresis 
comparing lo woven structures. In either struclure, 
once the structure has opened, further dilations in the 
s l r u c t ~ ~ r e  is due to yam hysteresis. Therefore, signifi- 
cant clifferences in dilation of vascular grafts is due to 
the selection of yarn thickness, bulkiness and the ove- 
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Figure 7 .  Crecp curves of the spccimcns for 1 day 
Sekil 7. Tcst ijmcklcrinin 1 giinltik siiriinme diyagramlan 

Crecp Tes t  

Initial Diamctcr : 20 rnrn 
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Figure 8. Crccp curves of tlle spccirnens for 3 day 
Sekit 8. Test ijrncklerinin 3 giinliik siiriinme diyagramlan 

lenme lionum~~nclan itibai-en) Lop- 
lam denlegmenin biiyi~kliigii ola- 
rak laniinlanabilir. 

Siiriinme zamana bag11 oldugu 
iqin, zaman periyodu ne kaclar 
uzun olursa geniqleme de o kadar 
fazla olacakbr. bunun yamsira 
capta 1ifiy.iilr artiglar halinde olu- 
gan degigim zamanla azalir. Yani, 
laboratuvar gartlar~ altincla protez- 
ler, ilk 24-48 saal i~ inde  maksi- 
mum geniglemelerini giisterirler. 
bu baqlangiq periyodu protezlerin 
genigleineye olan potansiyelini be- 
lirlemek aqisindan yararlidir. 

3. SONUCLAR VE TARTISMA 

3.1. Patlama Dayanimi 

tiibiilar fomlda patlama i ~ i n  
yiik yerdegigim egrileri Sekil 64da 
gbsterilmekleclir. Tablo 1 'de de her 
iki patlama testinden elde eclilen 
patlama verileri verilmektedir. 
h e i n l i  b i r ~ o k  gtjzlenl yapilabilir. 
Tiibaler formda, ~ascu lour@ I1 ve 

Bionitl\' 11, diger licari alternatifleri 
MicrouelQ' ve cooleym'den qok daha 
1r~iweUiclir. i i ~  protez iqin lropina 
uzamasi a sag~  yukari ayni olmasi- 
na ragmen, M i r r o ~ ~ e l ~  ve Coo- 
leyf%n ~ o k  daha diigiik yiiklerde 
cok daha piksek uzamalar gaster- 
dilileri de dilikat qekmekledir. AA- 
MI stanclart metodundan alan so- 
n u ~ l a r  da cooley@ ve Microuelm'in 
daha zaylf olduklanni teyit etmek- 
ledir. 

3.2. Patlamanln Video Sonuqlan 

Sekil 2-5'le yeralan clort folog- 
raftan da gtiriilebilcli~i gibi Microu- 
elm ve ~oole~@', mukayese eclilebilir 
basin~larda ~ o l r  daha ytilrsek ge- 
niqlemeler sergilerler. Bunlar da, 
tubiilar rormclaki patlama esnasm- 
da gozlenen clavraniqi leyit etmek- 
tedir. 

3.3. Siiriinme (Statik Geniqlemel 

Vaskiiler prolezler ile dogal ar- 
terler arasindaki onemli farklardan 
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biri bunlann gerilme-zorlama dav- 
rani~lannda gcWlenebilir. Basincm 
IAr fonksiyonu olarak qaptaki azal- 
ma, zamanla kenclilerini yenileme 
yelenekleri nedeniyle dogru arter- 
lerde ~ o k  dtiqiiktiir. Yani, dogal ar- 
terlerin modiilii insan vticuclunda- 
ki baslnqla birlikte artma gbsterir. 
Bununla beraber sentetik tekstil 
arterlerde basincm bir fonksiyonu 
olarak Lemastaki kiiqiik artlglarin 
clegigixni g&lenir. 

Vaskuler protezlerin diger 
dnemli karakteri, viskoelaslisitele- 
rindedir. Yani, plastik deformasyo- 
nun igareti olan histerisis verirler. 
Orme strt~ktiirlerinin dokunmug 
striiktiirlere nazaran btiytik histe- 
risis gdsterdikleri bilinmektedir. 
Her iki yapida striiktiir bir kez aqll- 
dim1 iplik hislerisisi nedeniyle 
stif~klurde daha ileri geni~lemeler 
o lu~ur .  

Bu nedenle; vaskiiler protezle- 
rin geni~lemesindeki dnemli farkli- 
liklar, iplik kalinligin~n, hacimliligi- 
nin ve b a ~ t a n  agagi protezlerin 66- 
zenekliliklerinin secimi nedeniyle- 
dir. lnsan kan dola.ym sisteminde 
protez, hem statik hem de dinamik 
basmca maruz kahr. Bu ytizderi, 
tatbik edilen gerilrnenin bir fonksi- 
yonu olarak protezcle siirekli bir 
geniglemenin olusacagl aqikhr. Bu, 
yiilrsek tansiyonu olan hastalarda 
rolalif olarak lclsa zamanda bir dizi 
problem yo1 a~acaktir .  

Sekil 7 ve 8, 1-3 giin zarfmda 
numunelerin siirihme egrilerini 
gdstermekte, bununla ilgili veriler 
ise Tablo 2'de yer almaktadlr. 

Sekillerden ve Tablodan g6ri11- 
diigu gibi seqilen basmqlar (180 
mmHg), biyolojik ranjdan (80-120 
mmH@ o l d u k ~ a  yiiksektir. Protez- 
lei- arasinda hlzh a y n m  yapabil- 
mek iqin biyolojik raqjdan daha 
yiiksek baslnq (180 mmHG) seqil- 
mistir. Bagka tiirlu, ayni geni~leme 
seviyelerine ulamak iinemli olcude 
uzun zaman alacaktlr. 

Mevcut verilerden, test edilen 
biitOn protezlerin statik dilation 
gosterclikleri belli olmaktadlr. BU- 
nunla birlikte ~ ic roue l@,  BioniLm' 
I1 ve ~ a s c u o i u r ~  II'nin geniglemele- 
rinin iki kahna maruu kalmighr. 



rall grafts porosity[King 19701. In human, blood 
system, the graft is s~~bjected to both static and clyna- 
rnic pressure. Therefore, it is obvious that a pemla- 
nent dilation will occur in the graft as a function of 
the applied stress. This will lead a series problem in a 
relatively short time in patients having hypertension. 

rr- 

Figures 7 and 8 show creep curves of the speci- 
mens for 1 and 3 days, and the related data is given in 
Table 2. As seen from the figures and table, the pres- 
sures selected (180 mmHg) are obviously much higher 
than the biological range was selected to quickly dis- 
tinguish between the grafts. Otherwise, it would take 
significantly longer times to reach the same levels of 
dilation. 

From the data presented, it is obvious that all 
graffs tested show static dilation. However, Microvela 
has undergone twice as  much the dilation of  ioni it^^' 
I1 and ~asculour@ 11. ~ooley@ also has undergone 1.5 
times as  much dilation than  ioni it^^ I1 and Vasculo- 
ur@ 11.  ioni it^^ I1 and vasculour@ I1 were not signifi- 
cantly different in their burst strength and were es- 
sentially the same in their dilation behavior. This ex- 
perimental data point out that Microvelm structure is a 
potential problem in the early life of the graft than the 
others. 

4. CONCLUSIONS 

One can conclude that the criteria of choosing the 
vascular graft should not be only dilation and burst 
strength, but the time to reach those values must be 
considered. Since the dilation, which occurs in the 
early life of the graft, is one of the most critical para- 
meters of the graft structure, different probability 
functions can be used in the respect of the dilation of 
graft in the determination for expecting life of the 
structure. Testing of other sturctures in the same met- 
hod would provide a better understanding of factors 
which may affect the dilation. Further experimental 
work must be carried out in cooperation with the clini- 
cal studies to fully investigate and understand the re- 
lationship between structure, dilation and failure. 

These preliminary results indicate that vascular 
grafts vary in their, characteristics greatly and that 
simple in vitro test methods are capable of ranking 
vascular gratfs. From the data provided, it may imme- 
diately be seen that C!ooleyB and Microvela are much 
weaker than their counterparts and undergo much 
higher dilations. 
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cooleyn ise BionitTN 11 ve Vasculo- 
ur@ II'clen 1.5 lcat daha fazla genis- 
lemeye ~ ~ @ - a n u ~ t l r .  BioniCrM 11 ve 
~ a s c ~ l l o u r @  II'nin, pallama claya- 
nmllar~ bakmmdan onemli bl~:C~de 
birbirlerinclen farkl~ olmacl~lilan, 
genisleme c l av ran~~ la r~  yon0uclen 
de aslmcla aynt oldulclan bulun- 
mugtur. BLI cleneysel veriler Micro- 
uela s trii ktclriin, protezin l c ~ ~ l l a n ~ m  
dmrtiniin ilk zamanlai-I balc~min- 
dan polansiyel bir problem olcl~~gu- 
na isaret etmekleclir. 

Vaskiiler protezin protezin se- 

me ve pat.lama dayan~ml olmadlg~, 
aym zarnancla bu clefferlere ulasma 
sCulresinin cle clilclcale a lmmas~ ge- 
rektiffi s o n ~ ~ c u n a  var~labilir. Cclinkii 
protezin kullanun 81nriiniin ilk za- 
manlanncla olugan genigkme, pro- 
tez strC~ktorcmiin en krilik para- 
~nelrelerinclen birisiclir, protej ge- 
niglemesi gozoniine al~narnlc slriik- 
tiiran nluhtemel omriinan belir- 
lenmesinde, clegi~ik olas~llk fonksi- 
yonlar~ kullan~labilir. Diger striilc- 
tiirlerin aym metoclla test eclilmesi. 
geni~leme iizerincle ellcili olabilen 
li4itorlerin claha iyi an lag~ln~as ln~ 

ve yetersizlik arasmclaki ili~kiyi 
tam olarak a r a ~ t ~ n n a k  ve anlamak 
i ~ i n  lclinik incelemelerle baglanhh 
olarak claha fazla cleneysel ~ a l q m a  
yapllmahd~r. 

BLI ilk alman sonu~ la r ;  vaskiiler 
proiezlerin, 1caraliteristiMeri bakl- 
mmdan bByiik orancla degigtigini 
ve basit in vitra test melodlar~n~n. 
vaskiiler protezleri slraya koyabil- 
digini gbstermektedir. Elde edilen 
verilerden; cooley@ ve Microu- 
elc%n, diger ticari alternatiflerin- 
den ~ o k  daha zay~f olduklan ve ~ o k  
claha y ~ ~ k s e k  geni~lemelere mamz ' 

qim kriterlerhn yalnlka genigle- sc?Clnyayacak(~r. Striikt.iir. geni~lenle kalchklar~ hemkn gbrC11ebilir. 
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