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ABSTRACT: Silicone rubber as a valuable biomaterial is
widely used in medical applications, but its surface proper-
ties and low wettability make serious problems in long-term
implants. This work was undertaken to evaluate the biocom-
patibility of modified silicone rubber using two different
techniques. A blend of poly(acrylamide) and silicone rubber
was compared with virgin silicone surfaces as well as with
those modified by laser treatment. Physical and mechanical
properties of the samples were examined using different
techniques. The hydrophilicity of the silicone rubber in-
creased with increasing hydrogel content and decreased as a
result of laser treatment. Both fibroblast cell (L929) and

platelet behavior in contact with these surfaces were evalu-
ated in vitro. The morphology of fibroblast cells that adhered
to the blends was similar to the control. In contrast, on the
laser-treated surfaces fibroblast cells showed different pro-
liferation. On the other hand, fewer platelets adhered to the
laser-treated surface than adhered to the blend and the
unmodified PDMS surfaces. © 2003 Wiley Periodicals, Inc.
J Appl Polym Sci 88: 2522–2529, 2003
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INTRODUCTION

Polymeric materials have significantly contributed to
the development and improvement of devices and
systems in artificial organs. Silicone rubbers have been
widely used in biomedical applications. They have
good mechanical properties and are both nontoxic and
nonirritant biomaterials. Medical devices based on sil-
icone rubbers include, for example, cardiac pacemak-
ers, cochlear implants, artificial skins, contact lenses,
oxygenators, catheters, and drug delivery systems.1–4

Further important properties of silicone rubbers are
their ease of fabrication, relative inertness, and stabil-
ity in contact with tissues in the living organisms;
however, because of their surface hydrophobicity, se-
rious problems have occurred when silicone devices
were implanted for lengthy periods.3–9

It is known that cell–polymer interactions are
mainly dependent on the physical and chemical prop-
erties of the material surface such as surface free en-
ergy, microstructure, rigidity, hydrophilicity, and hy-
drophobic–hydrophilic ratio. The influence of surface
hydrophilicity or hydrophobicity on the biocompat-
ibility of polymers has been discussed in many stud-
ies.8–13

Although substantial amounts of work on the im-
provement of the biocompatibility of polymeric mate-

rials have been carried out, the results are still incon-
clusive. Therefore the need for the generation of
highly biocompatible materials has been increasing. A
variety of approaches have been taken to improve the
biocompatibility of polymeric materials. One ap-
proach involves surface modification by the grafting
of hydrophilic hydrogels, such as poly(acrylamide)
(PAAm). This approach was based on the concept that
hydrogelated polymers have shown biocompatibil-
ity.1,3,4 In our previous studies, a new approach to
improved biocompatibility of silicone rubber has been
developed using laser irradiation.14–16 One of the
methods to improve hydrophilicity of silicone rubber
is blending with a crosslinked hydrogel.9 Hydrogels
are a class of polymers that possess good biocompat-
ibility in many environments and have hydrophilic
properties.1,3,4 The main drawbacks of hydrogels are
their very limited fabrication potential and poor me-
chanical properties in the swollen state.

Blending of silicon rubbers and hydrogels will re-
sult in a biomaterial that has suitable properties of
both original materials3,9,17–20 (i.e., good mechanical
properties, wettability, and ease of fabrication).

On the other hand, it has been shown that hydro-
philicity of silicone rubbers can be changed by laser
treatment.14–16

In the present work, blends of the crosslinked poly-
(acrylamide) (PAAm) powder in a matrix of vulca-
nized poly(dimethylsiloxane) (PDMS) were prepared
and their physical, mechanical and biological proper-
ties were investigated. In addition, the biocompatibil-
ity of PAAm/PDMS blends was compared with the
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laser-treated silicone surfaces as well as the unmodi-
fied silicone rubber.

EXPERIMENTAL

Materials

Acrylamide (Aldrich, Milwaukee, WI), N,N�-methyl-
enebisacrylamide (Fluka Chemie, Buchs, Switzerland),
2,2�-azobisisobutyronitrile (Merck, Darmstadt, Ger-
many), acetone (Merck), and poly(dimethyl siloxane)
(M3090, medical grade; Wacker, Munich, Germany)
were used in this study.

Preparation of powdery hydrogel

Powdery PAAm was synthesized and purified accord-
ing to a method described by Horn et al.17 Polymer-
ization was performed at 60°C in a reactor equipped
with an oil jacket and a U-shaped mixing blade. A
solution containing 38 g acrylamide, 1.14 g N,N� meth-
ylenbisacrylamide as crosslinking agent, and 0.608 g
2,2�-azobisisobutyronitrile (AIBN) as initiator in 550
mL acetone was added to the reactor. The polymer-
ization was performed at 60°C for 4 h. During the
reaction the system was purged with purified nitro-
gen. The PAAm precipitated from the reaction mix-
ture in the form of fine particles. The slurry obtained
was filtered off and the powdery PAAm was thor-
oughly washed with acetone and dried in vacuum at
room temperature.

Purification of PAAm was performed by the follow-
ing method.17 The powder obtained from the above
procedure was suspended in acetone and shaken vig-
orously for 3 h. The hydrogel was then filtered off and
washed three times with dry acetone. The suspending,
shaking, and washing procedure was repeated five
times and the powder obtained was dried in vacuum
at 50°C. The particles of the prepared powder had
submicron dimensions.

Blend preparation

Blends were prepared by mixing the highly purified
powdery PAAm with PDMS and 0.8 phr dicumylper-
oxide (DCP) in a two-roll mill. Three compounds con-
taining 6, 12, and 16 wt % PAAm were prepared.
Sheets with thickness of 0.3 and 1 mm were obtained
from each compound in a press at 150°C for 10 min.
The sheets were postcured at 180°C for 2 h and then
were Soxhlet extracted with a mixture of toluene/
methanol (1 : 1 v/v) for 16 h.

Laser-treating procedure

Laser treatment was carried out using a line-tunable
pulsed TEA CO2 pulsed laser (Lumonics 103-2, Kanata,

Canada), which provides laser beams of wavelength
from 9 to 11 �m. The strips of vulcanizate PDMS film
(cured with 0.8 phr DCP in hot press, 150°C for 10 min)
with 0.3 mm thickness were placed on the belt of a step
motor. Both sides of the strips were treated by 10 pulses
at the wavelength of 9.58 �m, as reported previously.14,15

Physical and mechanical property tests

The morphology of the PAAm and silicone–hydrogel
blends was investigated by scanning electron micros-
copy (SEM, Cambridge S-360; Cambridge Biotech,
Worcester, MA).

To measure the water uptake of blend films, three
weighed pieces of each blend were placed in distilled
water and weighed frequently until they reached their
equilibrium swollen state (before weighing the swol-
len specimens, their surfaces were dried by filter pa-
per). The water uptake of each film was calculated by
the following equation:

% Water content

�

Weight of swollen specimen
� weight of dry specimen
Weight of dry specimen � 100

Advancing (�ad) and receding (�re) contact angles
were measured at room temperature by the Wilhelmy
plate method using a contact angle measurement ap-
paratus (Krüss K12, Germany). Before measurement,
the blends were placed in distilled water to swell to
equilibrium at room temperature. Three pieces of dif-
ferent regions of each blend were tested and the mean
values are reported. The static contact angle of laser-
treated and unmodified silicone rubber against water
were also measured by the sessile drop method using
a Krüss G10 instrument. Five measurements on differ-
ent parts of the samples were averaged.

Tensile properties were determined on dumbbell-
shape test-blend specimens (1 mm thick, 75 mm
length, and 5 mm width), at a crosshead speed of 550
mm/min (Instron 6025). Before testing, the dumbbell-
shape specimens were placed in distilled water to
reach their equilibrium swollen state.

Dynamic mechanical thermal analyses (DMTA) of
the blends were measured in bending mode by Poly-
mer Laboratory (Poole, UK) instrument. Both equilib-
rium-swollen and dry specimens were tested.

Cell culture assays

The mouse L929 fibroblast cells (obtained from Pas-
teur Institute of Iran) were used as a test model in this
study. The cells were maintained in PRMI-1640
growth medium, supplemented with 100 IU/mL pen-
icillin, 100 �g/mL streptomycin (Gibco BRL Labora-
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Figure 1 SEM micrograph of blends containing (a) 6%, (b) 12%, and (c) 16% PAAm.
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tories, Karlsruhe, Germany), and 10% fetal calf serum
(FCS; Gibco BRL). A routine subculture was used to
maintain the cell line. The cells were incubated in a
humidified atmosphere of 5% CO2 at 37°C. After a
1-week incubation, the monolayer was then harvested
by trypsinization. The cell suspension of 4 � 105

cells/mL was prepared before seeding. The samples
were sterilized in an autoclave (except the laser-
treated one, which was sterilized by ethanol) and were
placed in a multiwell tissue culture polystyrene plate
(Nunc, Denmark) with 5 mL cell suspension, with one
well kept as a negative control, and then maintained in
the incubator for 48 h. After incubation, the samples
were removed from the incubator and washed imme-
diately in phosphate-buffered saline (PBS). The cells
were fixed in graded alcohol (96, 80, 70, and 60%) and
stained with 5% Giemsa for optical microscopic exam-
inations. After microscopic investigations, the total
area of the attached cells was determined using an
imaging processing system (Image Pro Plus, version
1.33). Ten objective fields of each sample were ran-
domly chosen (except the laser-treated one). Results
are expressed as means � SEM. The unpaired Stu-
dent’s t-test was used for all statistical analyses, using
Microcal Origin 3.5.

Platelet adhesion test

Platelet adhesion was measured according to a
method described by Ikada et al.21 The PRP (platelet-
rich plasma) and PPP (platelet-poor plasma) were pre-
pared from the blood of a healthy human. The plate-
lets were adjusted to 150,000 platelets/mm3 by adding
PPP to PRP. PRP (0.6 mL) was placed on each of the
samples in a vial and allowed to stand for 1 h at 37°C.
The films were then vigorously washed with PBS and
put into 2 mL of 0.1M PBS containing 0.5% Triton-
X100 to lyse the adhered platelets. Lactic acid dehy-
drogenase (LDH) activity of the lysate was deter-
mined with an enzymatic method to count the ad-
hered platelets with the use of a calibration curve of

platelet counts. The experiment of platelet adhesion
was repeated three times for the same film using dif-
ferent PRP. All samples were run in triplicate. Results
are expressed as means � SEM.

RESULTS AND DISCUSSION

Physical and mechanical properties

The SEM investigations of powdery PAAm showed
that the particles have submicron dimensions (not
shown). Attaining to such a fine powder can be related
to the method of polymerization, given that in the
method of precipitation polymerization the polymer
particle size can be controlled by different parameters
such as monomer and initiator concentrations and the
type of solvent.22–24 Because the powder was very fine,
it could be distributed in the rubber by a two-roll mill.
The electron micrograph of a cross section of the
blends [Fig. 1(a)–(c)] showed a relatively good distri-
bution of powdery PAAm in the PDMS matrix.

PDMS is a hydrophobic polymer, whereas PAAm is
a hydrogel with a high tendency to absorb water. The
existence of distributed PAAm in the PDMS matrix
caused the product to absorb water. The water-absorb-
ing process of blends was very slow and after 2 weeks
the blends reached their equilibrium-swollen state. In
this case the water contents of the blends containing 6,
12, and 16 wt % of PAAm were 12.5, 26.1, and 31.2%,
respectively.

The contact angle results are shown in Figure 2.

Figure 2 Surface wettability dependency of PDMS/PAAm
blends on the amount of PAAm.

Figure 3 (a) Tensile strength, (b) elongation at break of
PDMS/PAAm blends.

EVALUATION OF THREE SILICONE RUBBER TYPES 2525



Increasing the amount of PAAm decreased both the
advancing (�ad) and the receding (�re) angles of the
blends, although the slope of �ad was less than that of
�re. The reason for the observed behavior can be at-
tributed to the structural changes at the solid–water
boundary.25 The hydrophilic groups of PAAm turn
toward the aqueous phase within the sample when the
blend is exposed to air, but they are able to quickly
reorientate in a water environment. In the advancing
process when the sample is immersed in water, the
water touches a surface with a high density of hydro-
phobic groups, whereas in the receding process, be-
cause of the overturning of hydrophilic groups, the
surface is more wettable. On the other hand, the hy-
drophilicity of a surface has an important role in its
biocompatibility, especially in long-term implants.5–9

In the same way, the increase in hydrophilicity of
silicone rubber surface may have a positive effect on
the interaction of the surface and tissues and decreases
the friction between them.16

However, the results of the sessile drop measure-
ments revealed that after laser treatment, the contact
angle of PDMS is increased from 98° for the unmodi-
fied PDMS to 120° for the laser-treated PDMS. The

increase in hydrophobicity of the PDMS surface upon
laser treatment was reported previously.14,15

Mechanical tests were carried out to study the hydro-
gel effect on mechanical properties of the rubber. The
tensile behavior of the blends after swelling in water is
shown in Figure 3. As shown in this figure, the tensile
strength of the blends was about 30% lower than that of
the unmodified PDMS, but their elongation at break was
almost the same. Such a decrease in the tensile strength
of blends is attributed to the weak mechanical properties
of the swollen PAAm and should be considered in their
end-use design, accordingly. However, the blending
technique is considerably easier compared with chemi-
cal or physical techniques to improve the hydrophilicity
of silicone rubber.

DMTA results indicated three peaks in the loss
modulus (E�) curves of the swollen blends, as shown
in Figure 4 for the blend containing 16% PAAm. The
peaks consequently are related to the crystal transition
of silicone rubber,26 melting of the frozen absorbed
water, and Tg of the hydrogel. Comparison of these
curves with the loss modulus curves of the dry blends
revealed that after evaporation of water contents in
the swollen blends, the glass-transition temperature of

Figure 4 DMTA curves of blends containing 16% PAAm, (a) dry sample, (b) after swelling to equilibrium.
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the hydrogel increased. This behavior is a conse-
quence of the interaction of polymer and solvent. It
has been reported that one of the important parame-
ters in polymer behavior is the entanglement density
of the molecules. The solution workup (i.e., precipita-
tion of polymer out of dilute or concentrated solu-
tions) alters the entanglement spacing of the polymer
as well as the nature of the entanglement coupling,
thus leading to changes in the glass-transition temper-
ature of the samples.27,28 Here, the synthesized poly-
(acrylamide) used in the blends had precipitated from
acetone, which is a nonsolvent for PAAm, whereas

water is a good solvent. The difference in the quality
of solvents alters the nature of the entanglements as
well as the Tg of the polymer.

Cell culture

Cell culture tests were used to evaluate both cytotox-
icity and biocompatibility of specimens. The cellular
behavior on a biomaterial is an important factor, de-
termining the biocompatibility. The first physiological
process that occurs within the initial stages of expo-
sure is the adsorption of biomolecules onto the surface,

Figure 5 Optical micrographs of l-929 cells cultured for 48 h on the (a) negative control and blends containing (b) 0%, (c)
6%, (d) 12%, (e) 16% PAAm, and (f) laser-treated PDMS (original magnifications �100).
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and this is usually followed by cellular interactions. The
whole process of adhesion and spreading of the cells
after contact with biomaterials consists of cell attach-
ment, growth of filopodia, cytoplasmic webbing and
flattening of the cell mass, and ruffling of peripheral
cytoplasm, which progress in a sequential fashion.29

In the cytotoxicity and cell culture method, the growth
and proliferation of cells are investigated by comparing
with a negative control (polystyrene tissue culture;
Nunc) [Fig. 5(a)]. As shown, cell proliferation (i.e., filop-
odia) and spreading could be observed on both the un-
modified [Fig. 5(b)] and the blend samples [Fig. 5(c)–(e)].
The cells were flattened on these samples and there was
no change in the morphology. Silicon rubber is a known
biomaterial with no cytotoxicity and these results
showed the increase of hydrophilicity, caused by the
distribution of hydrogel powder in silicon rubber matrix,
did not affect its cytotoxicity. On the laser-treated PDMS
[Fig. 5(f)], the morphology of cells was changed and they
did not flatten on the surface. It seems that the cells
preferred to adhere to each other rather than growing on
such a surface. Different chemical, physical, and biolog-
ical parameters present on the surface of synthetic bio-
materials may modify the behavior of cells. Wettability is
one of the main parameters affecting the interaction of
biological species, such as cultured cells with polymeric
materials; another main parameter affecting the interac-
tion is surface morphology.29 It has been reported that
laser irradiation of polymeric surfaces led to the forma-
tion of different radicals, and hence different peroxides
in contact with air. In addition the morphology of the
polymeric surface changed with the laser irradia-
tion.14,15,30 The behavior of the cells on the laser-treated
PDMS can be related to both its wettability and surface
morphology. As discussed earlier, the hydrophobicity of
PDMS increased with the laser irradiation. Because of
their wettability and morphology, laser-irradiated
PDMS surfaces were not compatible with fibroblast cells.

Cell attachment and spreading were measured us-
ing an image processing system, with analysis of op-
tical micrographs after staining the fibroblast cells cul-
tured on the blends and unmodified PDMS. As shown
in Table I, the total area of attached cells on the un-

modified silicone rubber is similar to that of the neg-
ative control (p � 0.9). The total area of the attached
cells on the blends does not differ significantly with
the amount of PAAm (p � 0.3), but is less than that
with the unmodified PDMS (p � 0.03). These results
showed that the number of the attached cells or the
degree of cell spreading on the blends is less than that
of the unmodified PDMS. These observations may be
attributed to the change in surface morphology of the
rubber. In blends, after swelling of the distributed
PAAm particles in contact with water, many hydrated
domains were created on the surface, which may have
decreased the direct contact of cells with the PDMS
surface; thus the cell adhesion and spreading de-
creased compared with that of unmodified PDMS.

Platelet adhesion

Platelet adhesion onto the films was carried out to
learn the extent of interaction of these surfaces with
platelets and hence evaluate their blood compatibility.
Platelet adhesion on a surface is invariably followed
by the appearance of platelet aggregates and platelet
spreading and subsequent thrombus formation. In
fact, from the standpoint of blood compatibility, a
strong interaction between the material and platelets
is undesirable. The amount of platelets adhered per
unit surface area was calculated under the assumption
of a completely smooth surface of the films. The re-
sults are shown in Table II, from which it may be seen
that the existence of 6% PAAM in blends decreased
the number of platelets adhered to the surface, but by
increasing the hydrogel, the adhered platelets were
increased. In an aqueous solution the distributed hy-
drogel particles in the blends absorbed water. These
hydrated particles altered the interface between the
surface and water (given that its contact angle was
decreased). In the blend containing 6% PAAm the
hydrated particles lowered the direct contact of plate-
lets with PDMS surface; thus, the platelet adhesion
was decreased compared with that of the unmodified
PDMS. The increase of PAAm in blends increased the
surface roughness and chain density, which might
affect the platelet trapping attributed to the small di-
mensions of platelets (2–3 microns) compared with
fibroblast cell dimensions (5 microns). Thus increasing
the amount of PAAm increased the number of the

TABLE I
Statistical Comparison of Cell Areas on the Samples

Sample
Total area of the attached

cells (pixels)

PS (negative control) 18540 � 1163
Unmodified PDMS 18257 � 987*
Blend with 6% PAAm 13927 � 866**,†

Blend with 12% PAAm 14663 � 974**,†

Blend with 16% PAAm 15075 � 978**,†

* p � 0.9 compared to the negative control.
** p � 0.03 compared to the unmodified PDMS.
† p � 0.3 compared to the other blends.

TABLE II
Number of Adhered Platelets on the Samples

Sample Number of platelets/cm2

Unmodified PDMS 29,000 � 1141
Blend containing 6% PAAm 21,000 � 945
Blend containing 12% PAAm 24,000 � 962
Blend containing 16% PAAm 28,000 � 1003
Laser-treated PDMS (10 pulse) 14,000 � 863
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adhered platelets attributed to platelet trapping into
rough areas. Such behavior was reported by Fujimoto
et al.21 for PAAm grafted polyurethane surfaces. They
showed that in low graft levels, the grafted polymer
chains may prevent the protein molecules and platelet
cells from direct contact with polyurethane surface by
the steric hindered effect, although globular protein
molecules might be sorbed into the bulk phase of the
hydrogel chains if it becomes dense.

On the other hand, the laser-treated PDMS showed
the least amount of platelets adhered on the surface. This
observation indicated that the platelet adhesion was re-
duced because of the laser treatment. The effect of laser
treatment on the platelet adhesion of the silicone rubber
surfaces was reported previously.16 As a result, the irra-
diated silicone rubber surface has a lower tendency to-
ward platelet adhesion compared to that of the unmod-
ified silicone rubber and blend samples.

CONCLUSIONS

We found that the blend consisting of PAAm and PDMS
showed higher hydrophilicity compared with that of
PDMS. The existence of PAAm in PDMS decreased the
tensile strength of the rubber but made no changes in its
elongation at break. The PDMS–PAAm blends were
compatible with fibroblast cells and showed no cytotox-
icity. However, the PRP method showed no significant
reduction in platelet adhesion onto the blend surface
compared to PDMS. On laser-treated PDMS films, be-
cause of their hydrophobicity and surface morphology,
the cell behavior is changed. A comparison of hydro-
philic surfaces (blends) with hydrophobic ones (laser-treat-
ed) showed that the silicone rubber–hydrogel blends were
more compatible with fibroblast cells, whereas the laser-
treated PDMS showed more blood compatibility.

References

1. Iwata, H.; Isozaki, S. J Appl Polym Sci 1993, 49, 1041.
2. Lee, S. D.; Hsiue, G. H.; Wang, C. C. J Appl Polym Sci 1994, 54,

1279.

3. Cifkova, I.; Lopour, P.; Vondracek, P.; Jelinek, F. Biomaterials
1990, 11, 393.

4. Vondracek, P.; Dolezel, B. Biomaterials 1984, 5, 209.
5. Polmanteer, K. E. Rubber Chem Technol 1988, 61, 470.
6. Quinn, K. J.; Courtney, J. M. Br Polym J 1988, 20, 25.
7. Okada, T.; Ikada, Y. Makromol Chem 1991, 192, 1705.
8. Dolezel, B.; Adamirova, L.; Vondracek, P.; Naprstek, Z. Bioma-

terials 1989, 10, 387.
9. Polyzois, G. L.; Winter, R. W.; Stafford, G. D. Biomaterials 1991,

12, 79.
10. Mirzadeh, H.; Khorasani, M. T.; Katbab, A. A.; Burford, R. P.;

Soheili, Z.; Golestani, A.; Goliaei, B. Clin Mater 1994, 16, 177.
11. Fujimoto, K.; Tadokoro, H.; Ueda, Y.; Ikada, Y. Biomaterials

1993, 14, 442.
12. Ikada, Y. Biomaterials 1994, 15, 725.
13. Ratner, B. D.; Hoffman, A. S.; Hanson, S. R.; Harker, L. A.;

Whiffen, J. D. J Polym Sci Polym Symp 1979, 66, 363.
14. Khorasani, M. T.; Mirzadeh, H.; Sammes, P. Radiat Phys Chem

1996, 47, 881.
15. Khorasani, M.; Mirzadeh, H.; Sammes, P. In: Surface Modifica-

tion Technologies; Sudarshan, T. S,; Khor, K. A.; Jeandin, M.,
Eds.; Institute of Materials: London, 1996; p. 499.

16. Mirzadeh, H.; Khorasani, M.; Sammes, P. Iran Polym J 1998, 7,
5.

17. Lopour, P.; Vondracek, P.; Janatova, V.; Sulc, J.; Vacik, J. Bio-
materials 1990, 11, 397.

18. Darvishi, M.; Mirzadeh, H.; Mehrabzadeh, M. Iran J Polym Sci
Tech 1998, 11, 155.

19. Horn, P.; Slechtova, J.; Smetana, K.; Dvorankova, B.; Lopour, P.
Biomaterials 1997, 18, 1069.

20. Seldon, H. L.; Dahm, M. C.; Clark, G. M.; Crowe, S. Biomaterials
1994, 15, 1161.

21. Fujimoto, K.; Takebayashi, Y.; Inoue, H.; Ikada, Y. J Polym Sci:
Part A Polym Chem 1993, 31, 1035.

22. Liss, B.; Shinnar, R.; Katz, S. Polym Preprint 1972, 13, 390.
23. Kawagushi, H.; Kawahara, M.; Yaguchi, N.; Hoshino, F.; Oht-

saka, Y. Polym J 1998, 20, 903.
24. Kamijio, Y.; Fujimoto, K.; Kawaguchi, H.; Yuguchi, Y.; Urakawa,

H.; Kajiwara, K. Polym J 1996, 28, 309.
25. Cherry, B. W. Polymer Surfaces; Cambridge University Press:

Cambridge, UK, 1981; p. 161.
26. Falender, J. R.; Lindsey, S. E.; Saam, J. C. Polym Eng Sci 1976, 16,

54.
27. Potter, D. K.; Rudin, A. Macromolecules 1991, 24, 213.
28. Potter, D. K.; Rudin, A. Macromolecules 1992, 25, 238.
29. Dadsetan, M.; Mirzadeh, M.; Sharifi-Sanjani, N.; Daliri, M.

J Biomed Mater Res 2001, 57, 183.
30. Dadsetan, M.; Mirzadeh, H.; Sharifi, N. Iran Polym J 2000, 9, 203.

EVALUATION OF THREE SILICONE RUBBER TYPES 2529


