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Abstract
Objective: Aim of this study was to evaluate possible effects of saliva and nasal secretion on some physical proper-
ties, such as sorption, solubility, surface hardness and colour change on four different resin-based materials over 
a certain time period. 
Materials and Methods: A total of 128 disc-shaped specimens with a diameter of 50mm and thickness of 0.5mm were 
tested to evaluate sorption and solubility (ISO-1567). The specimens were stored in different solutions prior to testing. 
Surface hardness measurements were performed by using a Vickers hardness testing machine. A total of 20 cylinder-
shaped test specimens with a diameter of 13 mm and thickness of 1 mm were prepared to evaluate colour change (ΔE). 
Analysis of variance was used to determine significant differences among groups. Paired t and Tukey Post-Hoc tests 
were performed to investigate significant differences among subgroups at all time intervals (p<0.05). 
Results: It was found that while the percentage absorption value at T7(7 days) of the auto-polymerizing (A) groups 
storaged in artificial saliva + nasal secretion were the highest (0.057±0.119), the percentage absorption value at 
T15(15 days) of the D groups storaged in artificial nasal secretion were the lowest (0.013±0.09). Besides, it was 
found that the percentage solubility value at T30(30 days) of visible ligth-cusing resin (VLC) groups storaged in 
artificial nasal secretion were the highest (0.016±0.003), and the percentage solubility value at  T1(1 day) of the D 
groups storaged in distilled water were the lowest (0.01±0.02). While the highest hardness value was of T0(Dry) in 
group heat-polymerizing (H) (36.19±1.35), the lowest hardness value was of T0 in group D (9.83±2.48). When E 
values analysed for each group, VLC group showed the highest values (23.78±5.05) (p<0.05), group D showed the 
lowest values (9.06±2.82) in time (between the T0 and T30).   
Conclusion: The new polyamide resin was observed to show better physical properties when compared with other 
materials.
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Introduction
Resin denture base materials have been widely used in 
fabrication of dental prostheses. Essential requirements 
for denture base polymers are adequate mechanical 
properties, sufficient aesthetics, easy handling of resin 
and minimal release of residual compounds (1). Heat-po-
lymerized multiphase denture base polymer fills the re-
quirement of good aesthetics quite well, when compared 
with auto-polymerized. Unfortunately, so far their poor 
physical properties have not totally been resolved (1-3). 
Although the properties of acrylic resin materials have 
been improved (4,5), there are still disadvantages asso-
ciated with their physical properties, chemical contents 
and polymerization methods. Problems such as loss of 
resilience, colour alterations, porosity (6) and dimen-
sional change may occur in clinical use. In addition, the 
elution of residual monomers may lead to several side 
effects including soft tissue reactions on denture wear-
ers. The loss of resiliency may be due to the leaching 
out of the plasticizer and other components. Simulta-
neously, water is absorbed until equilibrium is reached 
(7). Some new types of denture base resins are paste 
type (such as polyamide and plaque photo) of resins 
which are composed of monomers of a higher molecular 
weight than methyllmethacrylate (MMA) or oligomers. 
These monomers are trapped into the polymer structure 
and their release into water should be minor.  
Many denture wearers fail to maintain a satisfactory 
level of hygiene (8),since increased porosity of resin 
materials may lead to plaque accumulation and Candida 
albicans colonization (6,9). These disadvantages are as-
sociated with water sorption and solubility properties 
of acrylic resin polymers. Water sorption depends on 
the degree of hydrophobicity and porosity of the mate-
rial (10). In clinical use, resin denture base materials are 
vulnerable to water sorption and solubility when im-
mersed in an aqueous medium (11) such as saliva, nasal 
secretion, water or cleansing agents. When immersed 
in such solutions, plasticizers and other soluble compo-

nents may leach out over extended periods (12-15) while 
water or saliva are being absorbed (13,16). The loss of 
plasticizer may cause a decreased percentage of elonga-
tion and increased hardness values (17). Absorbed wa-
ter has a detrimental effect on strength of resin denture 
base and physical and  mechanical properties of the ma-
terial (13,17-20).
The aim of this study was to evaluate sorption, solu-
bility, hardness value, colour alteration effects on four 
different resin denture base materials after artificial sa-
liva and nasal secretion storage over time. The tested 
null hypotheses were that polyamide resin denture base 
material would result in better physical properties than 
other materials at both artificial saliva and nasal secre-
tion.

Materials and Methods
An auto-polymerizing (group A), a heat-polymeriz-
ing denture base acrylic resin (group H), a polyamide 
(group D) and a visible light-curing resin (group VLC) 
were prepared in accordance with directions of their 
manufacturers and used in this study (Table 1). 
1. Specimen Preparation
Disc-shaped specimens (n:128) were prepared in ac-
cordance with International Standards Organization 
(ISO) specification 1567 (10,11,13), and according to 
their manufacturer’s instructions. Each specimen had a 
diameter of 50 mm and a thickness of 0.5 mm. Thirty-
two circular specimens for each material were proc-
essed by using an acetate matrix measuring, and fabri-
cated by using the curing cycles listed in (Table 1). The 
specimens were finished using progressively smoother 
aluminum oxide papers (numbers 320, 400, and 600). 
Final dimension of specimens after polishing has again 
been 50×0.5 mm. After processing, all disc-shaped 
specimens were dried with absorbent paper and allowed 
to stay at ambient temperature for 1 hour.  
2. Weight Changes (Water sorption / solubility test)
Water sorption (Wsp) and solubility (Wsl) were deter-

Material Manufacturer Chemical composition & Polymerization 
cycle 

Batch
number 

PMMA 
(Denture base resin) 

Megadental,
Seeweg 20, 
Büdingen, GERMANY 

Polymethylmethacrylate 
Heat-polymerizing acrylic resin, 8h at 70ºC 
(dry heat).  

D-63653

PMMA 
(Denture base resin) 

Megadental,
Seeweg 20, Büdingen, 
GERMANY 

Polymethylmethacrylate  
Cold-cure (auto-polymerizing) acrylic resin, 20 
min at room temperature.  

D-63654

DEFLEX 
(Denture base resin) 

Nuxen SRL, Ayacucho  
1053 3-A, Cap. Fed.  
Buenos Aires, 
ARGENTINA 

High-Impact Polyamide for dentures. 
Pigmented thermoplastic polyamide, injection 
at 6 bar pressure for 30 sec following 
plasticization at 280°C for 15 min.  

1228

PLAQUE PHOTO 
(Denture base resin) 

Barmstedt, Hamburg,  
GERMANY 

Visible Light-curing acrylic resin base material 
(VLC) (pink colour) 

D-25355

Table 1. Denture base materials used in this study. 
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mined by using the method described by ISO, with the 
specification 1567:1997 (American Dental Association 
specification number 12) (10,11).
Specimens were conditioned to constant mass in a desic-
cator (Terra Universal Inc., Fullerton, CA) at room tem-
perature (22-25 C°) until constant weight was reached. 
All specimens attained weight stability on an analyti-
cal scale by the 10th day. Because of this, each speci-
men was immediately weighed (T0) daily by use of an 
analytic balance (Sartorius, Goettingen, Germany) with 
an accuracy of 0.0001g and subjected to a cycle as de-
scribed below. Weight values obtained were considered 
as the initial weights of specimens (m1). When speci-
mens reached a constant mass,  specimens of each ma-
terial (group H, group A, group D and group VLC) were 
divided into four subgroups with 8 specimens and they 
were immersed and stored in artificial saliva (subgroup 
S); consisting of 0.220 g/L calcium chloride, 1.07 g/L 
sodium phosphate, 1.68 g/L sodium bicarbonate, and 2 
g/L sodium azide 0.2% (NaN3) (7); in artificial nasal 
secretion (subgroup N); consisting of Na+ 107 ± 4 mM, 
Cl- 120 ± 6 mM, K+ 8,7 ± 0,4 mM according to in vivo 
microdialysis procedure (IVMD) (9); in co-solution 
(artificial saliva + artificial nasal secretion, subgroup 
S+N ) and distilled water as control group (subgroup 
W) at 37°C ± 1°C for 1 (twenty-four hours, T1), 7 (T7), 
15 (T15) and 30 (T30) days. Nasal secretion was used 
to determine the effects on denture base materials in 
maxillofacial and postnasal flux patients. 
After completing storage periods, 128 specimens were 
removed from these solutions and wiped with a clean 
dry towel or dried with absorbent paper, waved in air for 
15 s, and weighed (m2) 60 s after being removed from 
these solutions. Specimens were then re-conditioned to 
constant mass in a dessicator at the room temperature 
by using the same method previously described, their 
weights were verified again and recorded (m3) for the 
following time periods: immediately weighed (T0), 
24 hours (T1), 7 days (T7), 15 days (T15), and 30 days 
(T30) after initial liquid storage. Artificial saliva and 
nasal secretion solutions were refreshed in a daily man-
ner. They were measured and calculated as described 
below in units of micrograms (µg). Weight differences 
between T0-T1, T1-T7, T7-T15, and T15-T30 were re-
corded. Percentages of water sorption and solubility 
were determined with described by Kazanji et al. (15) 
and El-Hadary et al. (14).
3. Surface Hardness
Surface micro hardness was determined using a Vick-
ers hardness testing machine (Indentec, West Mid-
lands, UK) according to American National Standards 
Institute / American Dental Association (ANSI / ADA) 
specification No. 17 (10). Two specimen discs, 22.8 mm 
in diameter and 1.5 mm in thickness were prepared for 
each material by using a circular stainless steel mould 

and were left in open environment at 25°C for 24 hours 
before testing. Testing was conducted using a load of 
25 g with a 30-second contact at T0 (Dry) and T30. Ten 
indentations were made on each specimen randomly 
along a straight line before they were immersed in solu-
tion and after they were stored in different artificial flu-
ids. An average of 20 values obtained before and after 
the application was calculated for each specimen.
4. Digital Measurements of Colour Change
Colour changes were measured after immersion in solu-
tions. Distilled water was used as negative control me-
dium. A total of 20 cylinder-shaped specimens with a 
diameter of 13 mm and thickness of 1 mm were prepared 
with the help of split steel moulds. Testing procedure 
was performed on 4 different denture base materials in 
2 separate sessions (T0-Dry, T30 for each artificial so-
lution). In each session, all materials were placed on a 
white cardboard surface in order to get digital images 
(10). A white standard photograph paper was also used 
with the specimens as a calibration material to elimi-
nate environmental factors. A digital camera (Olympus 
Camedia C-2500-L, Melville, NY, USA) at distance of 
40 cm between the object and the camera was oriented 
perpendicularly towards specimens to capture the dig-
ital image. Images were taken at 11:00 am, under north-
ern daylight on a clear day and saved in TIFF format 
(24-bit resolution screen) further analysis was assessed 
by the software (Adobe Photoshop 6.0, Adobe Systems 
Inc., San Jose, CA, USA). Colour measurements were 
performed according to the Commission Internationale 
del’Eclairage (CIE) [10] L*a*b* uniform colour scale. 
During the analyses, fixed circular areas with a diam-
eter of 74 pixels were selected in the middle third por-
tion of each specimen. Measurements were repeated 3 
times for each specimen on a white background, and the 
mean values of L* (brightness), a* (red-green propor-
tion), and b* (yellow-blue proportion) were calculated. 
The ‘corrected’ L*, a*, b* values of each specimen were 
recorded as the baseline colour readings before im-
mersion in solution (T0-Dry). Each specimen was im-
mersed separately in vials for 30 days (T30). At the end 
of test period, specimens were removed and dried with 
tissue paper, and colour measurements were repeated. 
The post-treatment digital images of test specimens 
were obtained and analyzed to determine L*, a*, b* val-
ues of each specimen as mentioned previously. The total 
colour change and ΔE of each test specimen were calcu-
lated using the equation (10).
Mean values and standard deviations (Sd) were calcu-
lated from the total colour change (ΔE). ΔE values equal 
to or less than 3.7 were considered to be visually imper-
ceptible as well as clinically acceptable (10).
5. Statistical Analysis 
Mean values and standard deviations were calculated 
for each group by using the Statistical Package for So-
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cial Sciences (SPSS) software, version 11.5 (SPSS Inc., 
Chicago, IL, USA). Differences in absorption and solu-
bility for each material over time were analyzed for sig-
nificance using Paired t test. Differences among various 
series of materials were analyzed for significance by 
using Univariate Analysis of Variance (ANOVA) and 
Tukey Post Hoc test with a significance level of p<0.05. 

Results
Differences among values of absorption groups for each 
day were not significant (p>0.05). Differences among 
solubility groups other than those at T7 were found to be 
statistically significant (p<0.05). It was found that solu-
bility percentage value at T30 in group VLC stored in 
artificial nasal secretion was the highest (0.016±0.003), 
where solubility percentage value at T1 in group D 
stored in distilled water was the lowest (0.01±0.02). 
Change in value over time was found to be the highest 
in group VLC (p<0.05) (Fig. 1). 
The results showed that the highest mean hardness val-
ue was obtained at “T0 (Dry)” in group H (36.19±1.35, 
Descriptive statistics), while the lowest hardness value 
was obtained at “T0 (Dry)” in group D (9.83±0.022). 
Results of variance analysis showed that the difference 
among materials and solutions were statistically signifi-
cant (p<0.05). All the materials tested had significantly 
different surface hardness values (p<0.05). Only, dif-
ferences between all solution groups in group H were 
found to be statistically significant (p<0.05) (Fig. 2).  
ΔE values for each group, group VLC showed the high-
est values (23.78±5.05), while group D showed the low-
est values (9.06±2.82). Differences between groups 
were found to be statistically significant (p<0.05). The 
differences between all groups excluding the difference 
between groups A and H were found to be statistically 
significant (p<0.05). It was found that differences be-
tween all groups excluding the difference between L1 
and L2 values in group A were statistically significant 
(p<0.05) (Fig. 3a).

Fig. 1. Absorption, solubility values for Groups A, H, D, VLC which 
was exposed to four different liquids over time.
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Fig. 2. Hardness values for each group (D, VLC, A, H) at initial 
(Dry: T0) and 30th day (T30) in four different storage solutions (art.
sal: artificial saliva, art.n.s: artificial nasal secretion, a.n.s+s: artifi-
cial nasal secretion + saliva, dis.w: distilled water). 

Fig. 3a,b,c,d.  Error Bar Graph for each group: Results of Deflex 
compared with A,H and VLC for ΔE (colour change), sorption, solu-
bility, surface hardness. 

Discussion
Effects of saliva and nasal secretion in terms of sorption 
and solubility on denture base materials, processed by 
different methods, were evaluated. 
While denture base materials are vulnerable to water sorp-
tion and solubility, they can absorb or loose soluble com-
ponents in the liquids, depending on their composition and 
the solution in which they are immersed and this is the rea-
son why the degradation occurs in materials (5,11,15).
1. Sorption
Results showed no significant difference in mean values 
of liquid sorption among polymerization methods when 
all groups were evaluated for each day (11) (Fig. 3b).
The denture base material containing cross-linking 
agents absorbed fewer solutions than the materials with-
out cross-linking agents (10,20)
2. Solubility
Solubility represents a loss of components during im-
mersion, and eluted substances sometimes irritate den-
ture-bearing tissue (10).
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Solubility values obtained in this study were lower than 
those reported by Cucci et al. (13) and showed signifi-
cant difference in mean values of liquid sorption among 
resin materials when evaluated for each storage time 
(13).
In contrast to Cucci et al. (13), solubility values were 
from 1.0% to 1.6% which is in accordance with the val-
ues reported by El-Hadary et al. (14).
In this study, VLC showed a decreasing loss of mass 
mainly in artificial nasal secretion between T15 and 
T30. Polyamide showed a mass increase in distilled 
water after 1 day in spite of monomer leakage from 
the material. Polyamide specimens presented the low-
est solubility value (p<0.05), when compared to other 
specimens. 
Possible explanations for the increased mass of polya-
mide may be the polymerization method, chemical 
composition of the denture base material and the liq-
uids, the presence of a cross-linking agent, chemical 
reactions with the solutions and concurrently, the amid 
monomer has lower liquid solubility than other mono-
mers. This finding indicates that polyamide resin may 
cause less irritation to denture-bearing tissues when 
compared with other materials. This may have occurred 
because the degree of amid polymerization conversion 
was probably more complete with fewer residual com-
ponents (4,8, 10-12, 20) (Fig. 3c).
3. Surface Hardness
Group H dry values demonstrated significantly higher 
hardness values when compared to those in other mate-
rials tested. The research was harmonious with Smith et 
al. (5), and Parr and Rueggebergs’ studies (5,6). Hard-
ness values for the group H product were consistently 
greater than those for the group A product and increased 
slightly over time. This result was consistent with that 
reported by Polyzois et al. (7) who also compared an 
autopolymerized and a heat-processed acrylic resin.
This result may be attributed to a high monomer-
polymer ratio and attachment of this material and the 
presence of methylmethacrylate monomer. Moreover, 
cross-linking agents may exist in the material. Group 
D dry values demonstrated lower hardness values and 
also possessed lower amounts of cross-linking agents, 
indicating that cross-linking agent may affect surface 
hardness. This finding shows that polyamide resin is a 
more flexible material than the other materials tested 
(Fig. 3d).  
4. Colour Change
The lowest degree of colour change (highest resistance 
to discoloration) observed in Group D, might be attrib-
uted to chemical structure and polymerization method 
of this material. It may potentially have a lower surface 
energy, resulting in the development of solutions-shed-
ding qualities. VLC material showed the highest degree 
of colour change (lowest resistance to discoloration). 

These results are in general agreement with the find-
ings of Phoenix et al. (8) and Hayakawa et al. (10). Col-
our stability may depend on the chemical composition 
of the monomer (4,10). Polyamide resin with its liquid 
shedding quality, may be expected to exhibit a high re-
sistance to colour change in many varieties of oral envi-
ronments (Fig 3a).  

Conclusion 
Resin based materials have been used to produce den-
tures. However, it has been forgotten that the quantity 
of saliva and nasal secretion absorbed by resin materials 
can make the appliance unhygienic.
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