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4.4 Ultrastructure ofthe graft copolymer
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45 Characteristics of graft copolymer
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4.6 Glass transition temperature examination
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4.7 Mechanical properties

4.7.1 Surface hardness
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4.8.4 Tensile bond strength
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Figure 4.16. The % ofwater absorption ofthree materials: graft copolymer,

Coe Supersoft®, and vulcanized natural rubber.

3.7.6 Contactangle

The mean and standard deviation of contact angles of graft copolymer and
Coe Supersoft® were 71 degree and 90 degree, respectively. The explanation for the
difference of the contact angle of these 2 materials probably is that the graft
copolymer had the surface energy higher than Coe Supersoft® did or, on the other
hand, the surface of graft copolymer material had more hydrophilic property than
Coe Supersoft® did. The hydrophilic surface of soft lining material will produce the
more wettable than the hydrophobic surface. The wettable surface of the soft lining
denture base materials is leading to the high capillary reaction and comfortable

felling ofthe patients.
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3.7.7 Staining test

Since the soft lining material has to be exposed to a lot of colored food and
drink all the time, discoloration of this material is an unwanted effect. In this study,
the discoloration of the graft copolymer and Coe Supersoft ® were study by
immersion of materials in coffee, tea, and capsaicin in oil. The discoloration of tested
materials after immersion in three kinds of solutions was measured by
spectrophotometer and the data was shown in Figure 4.17 a-c. For eight weeks of
immersion period, the coffee solution produced the highest discoloration value in

Coe Supersoft ® (AE = 17.02 ), followed by the graft copolymer (AE = 14.13 ). It

was known that if the color change value over than 3.3 the human eye can observe(66)
In this study, the coffee solution produced the discoloration value more than 3.3 in
graft copolymer and Coe Supersoft after 5 weeks and 3 weeks of immersion time,
respectively. For the tea solution it was shown that discoloration values of hoth
materials were lower than 3.3 over the 8 weeks of immersion time. For the
immersion in capsaicin in oil, the discoloration value of graft copolymer was 90.07
whereas the Coe Supersoft® was 2.42 for over 8 weeks of immersion time. In this
study the coffee and tea solution were used because to compare with the previous
study (67). The capsaicin in oil was chosen because Thai people like spicy hot food.
The results in this  dy were similar to the previous study by Buyukyilmaz and
Ruyter(6/)who demonstrated that coffee produced greater color changes than tea on
denture base resin. However, Polyzois et al.(®) showed that tea had higher staining
effects than coffee on soft lining dentare base materials. The disparity between these

dies may be partly attributable to different polar properties of the tested materials

that affect both the affinity of a material to extrinsic staining and the diffusion of
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water molecules. In the previous study, Um and Ruyter (69 demonstrated that the
yellow colorants of coffee were more hydrophobic than the yellow colorants of tea.
This finding also agree to a certain extent with the statement that hydrophobic
materials are stained by hydrophobic solutions, and hydrophilic materials are stained
by hydrophilic solutions (70). Also considering from the value of contact angle which
showed that the Coe Supersoft® had more hydrophobicity than the graft copolymer, it
confirmed the results of darker coffee staining in Coe Supersoft® than in graft
copolymer. In the case of capsaicin in oil, it caused the severe discoloration and
deformation in the graft copolymer. This result may be from the hydrocarbon
component of rubber that is compatible with oil. Therefore, the orange color from
capsaicin diffused into the graft copolymer and the oil diffusion caused the deformity
of the specimens (Figure 4.18). The deformity of this material in oil is a major
disadvantage of the graft copolymer. To solve these problems, natural latex might be

grafted or blended with other polymer that can protect or resist the oil diffusion.
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capsaicin ur ot

Figure 4.18. The stained specimens after immersion in different solutions over 8
weeks, Coe Supersoft® specimens are in the upper row and graft

copolymer specimens are in the lower row.

4.7.8. Cytotoxic effects ofthe graftcopolymerand Coe Supersoft®

In the co-culture system, the graft copolymer demonstrated a lot of cells
around the materials (Figure 4.19 a). These cells attached well on the surface of the
graft copolymer (Figure 4.19 b) In contrast, the culture dish containing Coe
Supersoft® showed a clear band with some cell debris around the specimen (Figure
4.20 a). At the surface of Coe Supersoft®, there were a few cells found poorly
attaching to the material (Figure 4.20 b). These results suggested that the graft
copolymer was not only noncytotoxic to the cells, but also offered a hospitable

surface for the cells to attach while the Coe Supersoft® lack ofthese properties.
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Fig.4.19. The inverted phase contrast micrograph (a) and scanning electron
micrograph (b) of the human gingival fibroblasts co-cultured with the graft
copolymer. Note the well proliferated and well attached human gingival

fibroblasts around and on the surface of the graft copolymer.

a b
)

Figure 4.20. The inverted phase contrast micrograph (a) and scanning electron

micrograph (b) of the human gingival fibroblasts co-cultured with the
Coe Supersoft®. Note the clear band next to the material and a few

poorly attached cells on the material surface.
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478 MTT assay

To test the cytotoxity of the graft copolymer and Coe Supersoft®, the MTT
assay was performed to investigate the cell vitality in the co-culture system. In this
study, the mitochondrial activity assessed with the MTT test was inhibited by the
reagents leaching from the Coe Supersoft® specimen. The density of cell was reduced
to zero in the presence of the Coe Supersoft® specimens for 48 hours. Whereas, the
graft copolymer specimens did not affect the mitochondrial activity. Therefore, the
cell density after incubation with graft copolymer for 48 hours was not different from
the cells in non-exposed culture. The results from MTT test also confirmed that the
graft copolymer did not have any cytotoxic effect to the human gingival fibroblasts.

In the presence of Coe Supersoft®, all the cultured cells died after 48 hours
of the incubation evaluated by MTT test, suggested that there might be some

leachable materials with cytotoxic effect from the Coe Supersoft®.
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