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ABSTRACT  

Aims: To evaluate wettability of flexible denture base martial after immersion in saliva, artificial 
saliva, chlorhexidine and sodium hypochlorite for 7 days period of time. Materials and methods: sixty 
rectangular shape sample of flexible denture base martial were prepared with one surface polished and 
another surface unpolished. These samples were stored in the previously mentioned four solutions in 
addition to the distilled water as a control group for 1 day and 7 days. Contact angle (parameter of wet-
tability) were measured on both surfaces after each storage periods (1- day and 7 days). The statistical 
analysis to the data was performed using ANOVA and Duncan Multiple Range Test. Results: The results 
revealed that the wettability of unpolished flexible denture base material is significantly more than the 
polished surface. Sodium hypochlorite had significantly decrease the wettability of polished surfaces. 
Periods of storage had significant effect only on the wettability of polished surfaces rather than unpol-
ished surfaces. Conclusions: Wettability of unpolished surface of flexible material is better than the 
wettability of the polished surface. The storage periods have no effect on the wettability of unpolished 
surface. Disinfectant solutions that have oxidizing effect (sodium hypochlorite) has a worsening effect 
on the wettability of flexible denture base materials. 
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INTRODUCTION 
Nylon is a generic name for certain types 

of thermoplastic polymers. The use of nylon 
as a denture base material has been described 
in the literatures in the 1950’s (1,2). It can be 
used for the fabrication of temporary partial 
dentures or small to medium size full remov-
able dentures as well as occlusal splint and 
night guards.(3) For good adhesion of the 
denture to the supporting tissues, the saliva 
or saliva substitute most fl ow easily over 
the entire surface. The ability of a denture 
material to be wetted gives an indication of 
the degree to which the lubricating eff ect of 
salvia will be enhanced, thereby promoting 
denture retention and patient comfort(4)

Wettability of denture base and denture 
relining materials is one of the most impor-
tant properties for denture retention because 
it provides a condition in which saliva will 

spread over the surfaces with ease. Contact 
angle has been highlighted as the most 
important parameter concerning wettability 
of denture base materials.(5,6) 

It has been reported that the tissue sur-
faces of dentures should not be polished(7). 

This is probably because the fi t the den-
tures to the alveolar ridge mucosa in the 
defective area is thought to deteriorate due to 
the polishing of the tissue surface. However, 
it has been reported that the wettability of 
a solid material is infl uenced by the surface 
roughness of the solid material.(8)

Chemical cleansing is recommended for 
denture plaque control.(9,10) Chlorhexidine is 
recommended as a chemical cleansing agent 
to reduce the pathogenicity of the micro-or-
ganisms present on the surface of complete 
denture resulting in clinical improvement 
of the denture stomatitis lesions and in 
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controlling Candida species and strepto-
coccus of the denture plaque.(10) Sodium 
hypochlorite is one of the earliest and most 
widely used disinfectant.(11) It can be a bacte-
ricidal and fungicidal, because it acts directly 
on the organic matrix of the plaque resulting 
in dissolution of the polymer’s structures.(12) 

In spite of that, some denture cleaners 
may have harmful eff ects on the plastic and 
metallic components of the denture and it 
may in turn have an eff ect on wettability of 
denture base material.(3,13,14) Contact angles 
are the characteristic constant of liquid /Solid 
system and provide valuable information on 
the surface energies of solids.(15)  The degree 
of wetting corresponds to the surface energy 
of the material, and the drop contact angle 
varies inversely with its wetting capability.(16) 

The aims of the present study are to 
evaluate the wettability of fl exible denture 
base material both polished, and unpolished 
surfaces after two periods of immersions 
(1 day and 7 days) in saliva, artifi cial saliva, 
chlorhexidine and sodium hypochlorite.

MATERIALS AND METHODS
The samples prepared from fl exible den-

ture base material (Valplast thermoplastic 
Nylon, China) were rectangular in shape 
(30*20*3± 0.03 mm) length, width and 
thickness respectively. Sixty samples were 
prepared; and were incubated in distilled 
water at 37±1ºC for two days for condi-
tioning (ADA specifi cation No.12) (17) The 
samples were grouped according to type of 
immersing solution (each group 12 samples), 
as follow: 
Group I: The samples were stored in distilled 
water (for 7 days).
Group II: The samples were stored in human 
saliva (for 7days). Unstimulated saliva that 
was collected from a healthy donor, it was 
clarifi ed by centrifugation at 10,000 cycle 
for 10 min.(18)

Group III: The samples were stored in 
fusayama artifi cial saliva (for 7 days). The 
solution of artifi cial saliva was prepared 
by mixing: Nacl2 (0.4g); Kcl2 (0.4g); 
CaC12H2O (0.795g); NaH2Po4 (0.6g) and 
Na2S.9H2O (0.005g) and urea (1.0g) in dis-
tilled water(1000ml). (19)

Group IV: The samples were stored in 0.5% 
sodium hypochlorite (for 7 days).

Group V: The samples were stored in 0.2% 
chlorhexidine glucoronate (for 7 days).

This long period of immersion (par-
ticularly for sodium hypochlorite and 
chlorhexidine) represents the cumulative 
eff ect of repeated short immersion of the 
dental prosthesis during its life service.(20)

Flexible (valplast) samples preparation
Flexible resin samples were prepared in 

mold made by investing a hard elastic foil 
(30*20*3±0.03mm) length, width and thick-
ness respectively, in dental stone(Whip-mix 
corporation, Louisiville, USA). AL-Tahho(21) 
method for packing and curing of fl ex-
ible denture base samples were followed 
to prepare the samples of this study. After 
defl asking, the sprues were cut by metal 
disks, then any irregularities were smoothed 
by titanium bur (small gage) then by rubber 
bur and fi nally by water prove sand paper 
(400). One surface of the sample was pol-
ished (to simulate the   polished surface of 
the denture) by brush and pumice then by 
cotton wheel and rouge.(21)

Contact angle measurement
Contact angle (CA) measurement were 

performed after storing the samples for 1-day 
and then the same measurement was repeated 
after 7 days immersion. Contact angle was 
measured on both surfaces of each samples, 
the polished surface and unpolished surface 
(represent the tissue surface). The measure-
ment of the contact angle was performed 
by a sessile drop method,(5,6) contact angle 
measurement was calculated by dropping 
I5µl of deionized water applied with micro-
pipette (TopPette Single Channel Pipetto 
DRACON MED DS8I873, China) on sample 
surface 2 cm above the surface, the images 
of 3 drops on polished surface were captured 
and the images of another 3 drops on the 
unpolished surface of each sample were also 
captured using a digital camera 18.2 Mega 
pixel (DSC- HX200 V Sony Japan) situated 
at distance of 20 cm from pipette tip. Contact 
angle (CA) degree Figure (1), was measured 
using Auto CAD 2008.18. CA measurement 
was recorded between the tangent line and 
the resin surface.(5) Each CA degree of each 
surface represents the mean of 3 angles.
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 Statistical analysis to the data was per-
formed by the use of one Way Analysis of 
Variance, Duncan Multiple Analysis Range 
Test and T test.

RESULTS
One Way Analysis of Variance was car-

ried out between the mean CA values of 
samples stored for I day to evaluate the sig-
nifi cance of diff erences as shown in Table(1).

The result of ANOVA test showed that 
there were signifi cant diff erences between 
them. One Way Analysis of Variance was 
also carried out between the mean CA values 

of samples stored for 7 days to evaluate 
the signifi cance of diff erences as shown in
Table (2). 

The result of ANOVA test showed that 
there were signifi cant diff erences between 
them. Duncan Multiple Analysis Range Test 
was carried out to study the diff erences in 
wettability between the polished and unpol-
ished surfaces for groups that were stored 
for I day. The results of this test as shown 
in Figure (2) revealed that the mean CA 
values of the unpolished surfaces of groups 
stored in the immersion solutions (distilled 

water, saliva, artifi cial saliva, chlorhexidine 
and sodium hypochlorite) were (67.3, 53.3, 
61.00, 47.8 ,54.1 respectively) while the 
mean CA values of the polished surfaces 
of groups stored in the immersion solutions 
were (71.7, 67.3, 63.7, 69,00, 74.00 respec-
tively), which were signifi cant to all groups 
except group of distilled water and artifi cial 
saliva which were insignifi cant.

Table (1) : ANOVA of mean contact angle of 1-day storage

Sun of squares df Mean square f Sig.

Between group 8156.342 9 906.260 19.893 0.000

Within group 5011.250. 110 45.557

Total 13167.592 119

Table (2) : ANOVA of mean contact angle of 7-day storage

Sun of squares df Mean square f Sig.

Between group 6243.008 9 693.668 9.968 0.000

Within group 4452.917 110 40.481

Total 10695.925 119

Figure (1): Drop of deionized water on fl exible denture base sample
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Duncan Multiple Analysis Range Test 
was carried out to study the diff erences in 
wettability between the polished and unpol-
ished surfaces for groups that were stored 
for 7 days. The result of this test as shown in 
Figure (3) revealed that the mean CA values 
of the unpolished surface of groups stored 
in the immersion solutions were (59.4, 55.3, 
53.9, 49.9, 55.1 respectively), which was 
signifi cant in sodium hypochlorite group 
only. In the same Fig there were signifi cant 

diff erences between mean CA values of sam-
ples stored in artifi cial saliva, chlorhexidine 
and sodium hypochlorite when compared 
with the control group(distilled water).This 
mean that the wettability of polished sur-
face of the samples stored in artifi cial saliva 
and the wettability of both polished and 
unpolished surfaces stored in chlorhexidine 
showed improvement; while the wettability 
of the polished surface of samples stored 
in sodium hypochlorite showed worsening. 

The highest mean CA value was observed 
in polished surfaces of the samples stored in 
sodium hypochlorite for I day (74.00) while 
the lowest mean CA value was observed in 
unpolished surfaces of samples stored in 
chlorhexidine for 1 day (47.8); as shown 
in Fig (2).

T-test was carried out to study the mean 
of storage periods on the wettability of pol-
ished and unpolished surfaces. Table (3) 
revealed signifi cant diff erences in the mean 
CA values of polished surfaces between both 
storage periods.

Figure (2): Diff erences of contact angle values between polished 
and unpolished groups stored for 1 day 

Figure (3): Diff erences of contact angle values between polished and
unpolished groups stored for 1 week.
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Table (4) showed insignifi cant diff er-
ences in mean CA values of unpolished 

samples between both storage periods.

DISCUSSION
Wettability of the denture base materials 

are important, because it is suggested that 
the saliva will spread over their surfaces, 
forming a lubricant layer for extra comfort. 
Reduced wettability has disadvantages in 
terms of comfort and retention.(15)  The results 
of this study showed that the wettability of 
the tissue surface (unpolished) was sig-
nifi cantly more than the wettability of the 
polished surfaces as shown in Figure (2 and 
3), these results agree with Nishioka etal(23)

and DeZhou and Hosson. (24) Increases in 
the surface roughness of solids increases the 
surface area, and the affi  nity of solids with 
liquid is enhanced(25) De zhou and Hosson(24)

also concluded that increases surface rough-
ness of AL203 has signifi cant decreasing in 
CA values. 

The lowest mean value was observed 
in unpolished surfaces of samples stored in 
chlorhexidine for 1-day Figure (2). While 
the highest mean contact angle values were 
observed in polished surfaces of samples 
stored in sodium hypochlorite for 1- day too 
Figure (2). When compared this result with 
results of AL-Nema(26) we can fi nd that (with 
in the limit of this study) the wettability of 
fl exible denture base material was better than 
the wettability of visible light cured resin and 
it was less than the wettability of heat cured 
resin denture base material. 

The eff ectiveness of sodium hypochlo-
rite and chlorhexidine as denture cleansers 
and anti-fungal agents were studied by many 
researchers.(9,10,14,27) Storing the fl exible 
denture base samples in chlorhexidine and 
artifi cial saliva results in improving in the 
wettability Figure (3). These results agree 
with the results of AL-Nema (26) and Sharma 
and Vidya.(28)

Sodium hypochlorite causes worsen-
ing eff ect on the wettability especially the 
polished surface Figure (3). This may be 
attributed to the diff erences in their eff ect on 
the surface of the samples. Sodium hypochlo-
rite has a strong oxidizing property, (17,29) the 
elaborated oxygen causing bubble entrap-
ment the fl uid drops lead to increasing in 
CA values.

the eff ect of storage time on wettability 
was signifi cant on polished surface only, 
Table (3 and 4). Accordingly, the wettability 
of the tissue surface of fl exible denture base 
was not aff ected. 

CONCLUSION
Within the limits of this study we can 

conclude that:
• The wettability of unpolished surfaces 
(tissue surface) were better than the wetta-
bility of the polished surfaces.
• Polishing the tissue surface of the denture 
may has worsening eff ect on the wettability 
and then the retention of the denture. 
• The oxidizing solution (sodium hypochlo-
rite) has a worsening eff ect on the wettability 
of the fl exible resin denture base material.
• Storage period have no signifi cant eff ect 
on the wettability of the tissue surface of 
fl exible denture base.

REFERENCES 
1. Negrutin M, Sinescu C, Romann M, Pop 

D and Lakatos S. Thermoplastic resins 
for fl exible framework removable partial 
dentures. TMJ, 2005; 55(3):295-299.

2. Watt DM. Clinical assessment of nylon as 
a partial denture base material. Br Dent 
J,1955;98:238.

3. Yunns N. Rashid AA, Azmi LL, 
Abu-Hassan MI. Some flexural 

Table (3) : T-test of mean contact angle values of polished surfaces of all groups
stored for both storage periods

Mean CA * values t-value df Sig.

1day-7days -8.75000 -7.570 59 0.000

* Means contact angle.

Table (4) : T-test of mean contact angle values of un polished
surfaces of all groups stored for both storage periods

Mean CA * values t-value df Sig.

1day-7days -0.93333 -0.662 59 0.511

* Means contact angle.



429

Abdulkadir AA

properties of a nylon denture base 
polymer. J Oral Rehab, 2005; 32: 
65-71. (From IVSL) http://onlineli-
brary.wiley.com.tiger. sempertool.dk/
doi/10.1111/j.13652842.2004.01370.x/
pdf

4. Craig RG, Powers JM, Watachc JC. Dental 
Materials; Properties and Manipulation. 
An Affi  liate Elsevier Science Mosby. 
2004;Pp:20.

5. Monssenego P, Baszkin A, Costa ML, 
Lejoyeux J. Complete denture retention. 
Part II. Wettability studies on various 
acrylic resin denture base materials. J 
Prosthet Dent, 1989; 62:308-12. 

6. Wright PS. Soft lining materials J Prosthet 
Dent .1976 ;4:247-56.

7.  Zarb GA, Bolender CL, Carlsson GE. 
Boucher’s Prosthodontic treatment for 
edentulous patient. Mosby NewYork 
.Philadelphia,1997-; 7th ed. Pp343. 

8. . Meirn T, Mannur A, Saguj, Contact 
angle measurement on rough surfaces. J 
Colloid Interface Sci, 2004; 274:637-644. 

9. Barnabe W, Demendonca Neto T, Pimenta 
F, Pegoraro LF and Scolaro JM. Effi  cacy 
of sodium hypochlorite and coconut soap 
used as disinfecting agents in the reduc-
tion of denture stomatitis, Streptococcus 
mutans and Candida albicans. J Oral 
Rehab.2004; 31:453-459. (From IVSL
)                                        http://onlineli-
brary.wiley.corn.tiger.sempertool.dk/
doi/10.1111/j.1365- 2842.20041.01254.x/
pdf 

10.  Pusateri CR, Monaco EA and Edgerton 
M. Sensitivity of Candida Albicans bio-
fi lm cells grown on denture acrylic to 
antifungal proteins and chlorhexidine. 
Arch Biol. 2004; 54: 588-594.(From 
1VSL).http://www.stiencedireacor-
taiger.serapertool.zikiscieracelarticieMi/
S00O3996909000351

11. Schwartz RS, Hradley DV, Hilton TI, 
Kruse SK. Immersion disinfection of irre-
versible hydrocolloid impression. Part 1: 
microbiology. Int .J prosthodont. 1994; 
7:418. 

12. Nikawa H., Hamada T, Yamashiro H, 
Kumagai H. Areview of in vitro and in 
vivo methods to evaluate the effi  cacy 
of denture cleansers.; Int J Prosthodont 
.1999,12: 153.

13. Polyzois GL, Yannikakis SA, Zissis 
A3, Dametrion PP. Color change of 
denture base material after disinfec-
tion and sterilization immersion. Int J 
Prosthodont.1997;10(1):84-89.

14. Kazanji MN, Ahmad Z M. Evaluation of 
the eff ect of some denture cleansers on 
the color of acrylic resin denture base 
materials. AL-Rafi daine Dent J. 2004; 
2:79-86. 

15. Mandikos MN. Polyvinylsiloxane 
impression materials: an-update on clin-
ical use. Aust Dent J. 1998; 43 :428-34. 

16. Feldman H: Contact Angle Measurements: 
An Introduction to surface wettability 
assessment. Cambridge, the Charles Stark 
Draper Laboratory. 1978; P:7-20.

17. Amercan Dental Association. Guide 
to dental materials and devices.7’h ed, 
Chicago. Amercan Dental Association, 
Pp.203.

18.  Siphahi C,Anil N, Bayramli E. The eff ect 
of acquired salivary pellicle on the surface 
free energy and wettability of diff erent 
denture base materials. J Dent.2001; 
29:197-204. 

19. Fusayama T, Katayori T, Nomoto S. 
Corrosion and microhardness. J Dent 
Res.1963; 42:1183. 

20. Polyzois GL,Yannikakis SA, Zissis 
AJ, Demetrion PP.. Color change of 
denture base materials After disinfec-
tion and sterilization immersion. Int J 
Prosthet.1997;10(1):83-89. 

21. AL-Tahho OZ. Eff ect. of diff erent bev-
erages and thermal cycling on some 
properties of fl exible and modifi ed heat 
cured denture base material. MSc. Thesis 
university of Mosul .2010; Pp37. 

22. Sergio Paulo Hilgenberg, Emigo 
E,orellana-Jimenez, WilmerF, 
Swpulveeda-Navarro, Beatriz E, 
Avana -Correa; Dario c. Alves; Nara 
H. Campanha. Evaluation of physical 
properties of acrylic resins for provisional 
prosthesis.Materials Research. 2008; 
11:1-10

23. Nishioka M, Yamabe Y. Hisatune K Fujii 
H. Infl uence of polishing of denture base 
resin and metal surfaces on wettability 
with water and saliva. Dental Material J. 
2006; 25(1): 161-165. 

24. De zhou XB,Hosson J Th M. Infl uence of 
surface roughness on the wetting angle. J. 
Mater Res.1995; 10:1984-1992.

25. Wenzel R. Resistance of solid surfaces to 
wetting by water. Ind Eng Chem.1936; 
28: 988-994. 

26. AL-Nema LM.The infl uence of Saliva, 
Artifi cial Saliva and Proplis Extract on 
the wettability of heat- cured and visible 
light cured denture base materials. AL- 
Rafi daine Dent J. 2011; 2: 97-104. 



430

Wettability of flexible denture base material

27. AL-Dwairi ZN,AL Quran FA, AL-Omari 
OY. The eff ect of anti-fungal agents on 
surface properties - of-poly (methyl 
methacrylate) and its relation to adher-
ence of Candida albicans. J Prosthodont 
Research. 2012; 56(4): 272-280. 

28. Sharma N, Vidya C. An in-vitro com-
parative study of wettability of four 
commercial available saliva –substitutes 

and distilled -water on heat-polymerized 
acrylic resin. J Indian Prosthodontics 
Society.2008;8: 30- 35. (From. IVSL)
http://www.iproqhotiont.com.asp?issn=-
0972-4052;vear=2008;volumg=8;130;er
tage-35;aulast=Sharma 

29. Asumussen E Factors aff ecting the color 
stability of restorative resin. acta odontol 
Scand.I983; 41: 1148.


