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= Abstract = To investigate why calcification is accelerated by mechanical flexure,
in vitro calcification of segmented polyurethane(SPU) under static elongation and
dynamic mechanical flexure was performed. After the calcification period, the amo-
unt of calcium deposition was increased by elongation, but the amount of calcium
deposition per unit area of the elongated surface was relatively smaller as compared
to that of the severe flexing area. Although the surface calcium concentration of the
elongated SPU was relatively smaller than the flexed area, there was the increase of
surface area by the elongation. The total amount of deposited calcium on the elon-
gated SPU was increased as it is reduced to the original surface area. Therefore, the
results reweal that certain changes of surface properties by the Mechanical defor-
mation accelerate the calcium deposition onto the surface and the enlargement of
surface area by the mechanical deformation results in the heawy calcification of the
severe flexing area in the SPU.
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INTRODUCTION

Due to its superior physical, chemical and
mechanical properties and its excellent biocom-
patability. segmented polyurethane (SPU) has
been used successfully in many kinds of short or
long term implantable biomedical devices such as
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pacemaker insulater, catheters, vascular grafts,
semiocclusive dressings, mammary implants and
artificial heart valves because of its superior phy-
sical, chemical and mechanical properties and
good biocompatibility. Many of these biemedical
devices are long-term implanted devices.

The polyurethane elastomers are finding incre-
asing acceptance as the biomaterial of choice in
most applications that involve soft tissue or car-
diovascular tissue (Szycher et al. 1991). Polyure-
thane elastomers and silicones are the only two
biomedical-grade polymers that approximate the
mechanophysical characteristics of human con-
nective tissue. Silicones are biostable, histocom-
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determined using an Inductively Coupled Plasma
(ICP, Perkin-Elmer Plasma 40).

RESULTS

The surface morphoicgy of the SPU after calci-
fication 1s shown in Figure 4 & 5 As shown in
The Figure, as incubation time increase, polyur-
ethane surface was covered with calcium/phos-
ohate deposits and the amoumt of the deposit
was increased according to the elongation.

After the calcification, the amount of deposited
calcium was estimated quantitatively according to
the elongation and incubation time. The calcified
SPU sheet of the static system and the SPU sac
of the dynamic system were cut according to the
elongation and the amount of calcium and pho-
shporus on the sample was measured using ICP
For the samples of the static system, there were
no difficulties in cutting the samgples according to
the elongation. However, in case of the polyur-
ethane sac of the dynamic system. there was no
border that separated the areas of the sac having
the same deformation. Therefore. the sac had
been cut roughly according to it's deformation as
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shown in Figure 6. It indicates that area 1 and 2
are higher stress regions than area 3 and 4.

The amount of deposited calcium and pho-
sphorus in the static and dynamic systems are
shown in Table 1 & 2. The ratio of deposited
calcium and phosphorus was about 1.6:1, irre-
spective of systems (static or dynamic). It means
that the deposited compound is similar to HAP
{Levy et al. 1983). The amount of calcium
deposition was increased along with incubation
time. and in both systems the amount of calcium
deposition per unit area was also increased
according to the elongation rate at the same
incubation time. The SPU was more heavily
calcified in the dynamic system than in the static
system.

DISCUSSION

The amount of calcium deposition per unit
area in the static system was increased by the
mechanical elongation. Which infers that the sur-
face property of the SPU was changed and be-
come more susceptible to calcification by the
elongation. but the ditference of calcium depo-

Fig. 4. SEM photograph of the samples incubated in the dynamic system for 30 days: (Q) control,

(1) Area 3 & 4 (2} Area 1 & 2




Fig. 5. SEM photograph of the samples incub-
ated in the static system for 30 days: (a)
0% elongation, (b} 50% elognation, (c)
100% elongation.

sition between intact and elongated samples in
static system was smaller as compared to the dif-
ference between highly flexing and non-flexing
regions in the dynamic system. In clinical data,
regions of high mechanical flexure are more cal-
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Fig. 6. A schematics of the sac defarmation.

Table 1. Surface concentration of calcium and
phosphate on the SPU incubated in the static
system for 15 & 30 days

glongation / Calcium Phosphorus
incubation days {ug/cm?) (ug /cm?)
5% /15 days 13.3 (*35) 837 (1.5)
50% /15 days 20.0 ( 1.5} 126 (4.3)
100% /15 days 218 {2.1) 137 (1.3)
0% / 30 days 332(36) 209 (23)
50% / 30 days 425 (3.0 268 (22)
100% / 30 days 463 (5.3) 292 (3.4)

Table 2.  Surface concentration of calcium and
phosphate on the SPU incubated in the dynamic
system for 30 days

Calcium Phosphorus

(ug /ecm?) {fug /cm?)
Area 1&2 101 (*8.4) 83 (7.2)
Area 3&4 38 (6.2} 23(5.1)
*SD,N=

cified than other regions of less flexure (Dostal et
al. 1990). Therefore, there may be some other
reasons responsible for the accelerated calcifi-
cation of implanted SPUs under the mechanicai
deformation.

One possible reason for the accelerated calcifi-
cation of highly flexing SPU is the enlargement of
surface area. When the SPU was elongated to the
twice the original length (100% elongation), the
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surface area of the elongated SPU sample was
enlarged to 147 % of the onginal surface area.
After calcificalion in the synthelic calcium sclution
for one month, about 85% of the enlarged sur-
face area remained permanantly set, when the
sample was taken from the sample holder and
the elongation released. Therefore, the total
amount of calcium deposited onto the elongated
SPU 1s higher than the presented data when it is
reduced 1o the onginal surface area

In conclusion, by the mechanical deformation.
the surface property of the SPU changes and
becomes more susceplable to the calcification.
This change, coupled with the enlargement of the
surface area. accelerate the calcihication of the
surface, resulting in heavy calcification of the hig-
hly flexing area of the SPU
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