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Plain English Summary 
In this laboratory study, the authors hypothesised that the repeated use of chlorhexidine for six months 
would not affect acrylic or polyamide denture bases. A daily 10-minute immersion followed by 60 seconds 
of rinsing was simulated for six months. Chemical, surface, mechanical and biological changes were 
observed in both types of materials following the 6 months of exposure. Acrylic showed a higher amount of 
residual monomer and a higher decrease in the viability of gingival fibroblasts than polyamide. Polyamide 

Abstract 
Objective: This study aimed to evaluate the chemical stability, leachate release, surface properties, mechanical 
properties, water sorption, solubility and cytocompatibility of polymethyl methacrylate (PMMA) and polyamide 
denture base materials after 6 months of repeated disinfection with chlorhexidine. 
Methods: Heat-polymerised PMMA specimens and injection-moulded polyamide specimens were subjected to 
distilled water, 0.12% chlorhexidine and 2% chlorhexidine. The immersion time for each day was simulated as 10 
minutes, and the rinsing time for each day was simulated as 60 seconds for six months. 
Results: Chlorhexidine caused concentration-dependent changes in both materials. Following this simulated 6-
month period, 0.12% chlorhexidine produced an increase in surface roughness (0.31±0.05 µm in PMMA and 
0.34±0.06 µm in polyamide), and a decrease in flexural strength (83.8±6.4 MPa in PMMA and 69.8±5.5 MPa in 
polyamide). For PMMA, 1.74±0.28 µg/mL of methyl methacrylate was released, while for polyamide, 0.91±0.19 
µg/mL of caprolactam-related compounds was released. The viability of the fibroblasts decreased to 78.6±6.2% 
and 84.9±5.8%, respectively. Exposure to 2% chlorhexidine resulted in higher deterioration, with the PMMA cell 
viability reduced to 66.9±6.4%.  
Conclusion: Repeated chlorhexidine disinfection produced concentration-dependent changes in both PMMA and 
polyamide denture base materials. The 2% chlorhexidine group showed the greatest chemical, mechanical, 
surface, and biological deterioration. PMMA released more methyl methacrylate and caused greater fibroblast 
viability reduction, whereas polyamide showed higher water sorption and surface roughness. Routine daily 
immersion in 2% chlorhexidine should therefore be avoided or used with caution. 

 
Keywords: Chlorhexidine, Denture bases, Polymethyl methacrylate, Polyamide, Cytocompatibility. 
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absorbed a higher amount of water and had a higher surface roughness. The greatest changes were 
obtained with 2% chlorhexidine. Thus, high-concentration chlorhexidine solutions should not be routinely 
used for daily denture immersion. 
 
Introduction  
Removable dentures continue to be a crucial type 
of treatment in cases where a patient has missing 
teeth, either all or some, and is not a candidate for 
implant treatment due to anatomical, medical, or 
financial reasons. The durability of these 
prostheses relies on the fit and design of the 
prosthesis, as well as on the capacity of the 
denture base material to resist repeated exposure 
to saliva, food particles, temperature fluctuations, 
microbial films and cleaning solutions. These 
factors can gradually impact the surface quality, 
mechanical properties, and biological safety of the 
product (1, 2). 
Polymethyl methacrylate (PMMA) is the most 
commonly used denture base material, due to its 
satisfactory esthetic qualities, low cost, ease of 
processing and repair and relining. Incomplete 
polymerisation, however, can cause the presence 
of low-molecular weight components such as 
residual methyl methacrylate in the resin. They can 
be released over time of water storage, or repeated 
chemical exposure, which may impact material 
strength and compatibility with oral tissues (1, 3, 4). 
Flexible partial dentures and metal-free clasp 
designs are often fabricated of thermoplastic 
polyamide. The flexibility also makes it impact-
resistant, with a possible improvement in comfort 
and a decreased likelihood of abrupt fracture. 
However, polyamide materials are generally less 
easily polished and may be more water-absorbing 
due to the amide groups present in the polymer 
structure. Greater water uptake can affect the 
dimensional stability, surface roughness, hardness, 
and the ability of soluble compounds to be released 
(2, 5, 6). 
Adequate denture hygiene is necessary to control 
microbial accumulation and reduce the risk of 
denture stomatitis. Mechanical brushing remains 
important, but it may be less effective on irregular 
surfaces and in areas that are difficult to access. 
Chlorhexidine is therefore frequently used as an 
additional chemical disinfectant because of its 

broad antimicrobial activity against oral bacteria 
and Candida species. However, repeated 
exposure to chlorhexidine may also interact with 
denture polymers and gradually alter their physical 
and chemical properties (7, 8, 9, 10). 
Many previous studies have been conducted to 
determine the short-term changes in colour, 
roughness, hardness or antimicrobial activity. Little 
data is available about the long-term effects of 
chlorhexidine on the polymer structure, release of 
leachates, mechanical properties and 
cytocompatibility. The effects of repeated exposure 
to 0.12% and 2% chlorhexidine on PMMA and 
polyamide denture base materials over a simulated 
six-month period were therefore evaluated in this 
study. Chemical changes, release of compounds, 
surface roughness, microhardness, flexural 
strength, water sorption, solubility and gingival 
fibroblast viability have been measured. The idea 
was that the type of material, chlorhexidine 
concentration and their interaction would have a 
major effect on the outcomes measured.  
 
Materials and Methods  
Study design and sample size  
The effect of repeated chlorhexidine disinfection 
was tested in vitro on polymethyl methacrylate 
(PMMA) denture base materials heat polymerised 
and on denture base materials injection moulded. 
Distilled water, 0.12% chlorhexidine gluconate, or 
2% chlorhexidine gluconate were applied to 
specimens for 180 daily cycles (around 6 months 
of use). 
Sample size was calculated for a 2-way factorial 
design using G*Power version 3.1.9.7, assuming 
an effect size of 0.35, 80% statistical power and a 
two-sided 5% significance level. For each outcome, 
there were 8 independent specimens allocated for 
each material–solution subgroup (2 materials × 3 
immersion solutions × 8 specimens). To prevent 
repeated-testing bias, separate sets of specimens 
were used for destructive or method-incompatible 
tests (Table 1).

 
Table 1: Experimental groups and sample allocation 

Material Distilled water 0.12% CHX 2% CHX Total per outcome 

 PMMA  n=8  n=8  n=8  n=24  
 Polyamide  n=8  n=8  n=8  n=24  
 Total  n=16  n=16  n=16  n=48  

Separate specimen sets were prepared for FTIR/HPLC, surface testing, flexural strength, water sorption/solubility, 
and cytocompatibility analyses. CHX, chlorhexidine; PMMA, polymethyl methacrylate 
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Materials and specimen preparation  
For this study, heat-polymerised polymethyl 
methacrylate resin (Meliodent Heat Cure, Kulzer 
GmbH, Hanau, Germany) and injection-moulded 
thermoplastic polyamide resin (Valplast, Valplast 
International Corporation, Westbury, NY, USA) 
were employed. The immersion solutions were 
distilled water, an alcohol-free 0.12% chlorhexidine 
mouthwash (KIN Gingival 0.12, Laboratorios KIN 
S.A., Barcelona, Spain) and newly prepared 2% 
chlorhexidine digluconate. The 2% chlorhexidine 
solution was prepared by diluting 20% 
chlorhexidine digluconate stock solution (Sigma-
Aldrich, Merck KGaA, Darmstadt, Germany) with 
sterile distilled water right before application. 
The specimens of PMMA were prepared by the 
method of packing the dough and polymerising it 
by applying a water-bath curing cycle at 74°C for 8 
hours and at 100°C for 1 hour, with a 2.5:1 powder-
to-liquid ratio (by weight). The specimens were 
bench cooled to room temperature before 
deflasking. Samples of polyamide were injection-
moulded following the manufacturer's instructions. 
 
Instrumentation 
ATR-FTIR spectra were obtained with the ALPHA 
II FTIR spectrometer, which is equipped with the 
attenuated total reflectance accessory (ATR) 
(Bruker Optics GmbH & Co. KG, Ettlingen, 
Germany). HPLC analysis was carried out with a 
Shimadzu LC-20AT Prominence HPLC system 
with UV detector (Shimadzu Corporation, Kyoto, 
Japan) on a C18 analytical column (ZORBAX 
Eclipse XDB-C18 250 × 4.6 mm, 5 µm; Agilent 
Technologies, Santa Clara, CA, USA). The surface 
roughness was quantified with a contact 
profilometer (Surftest SJ-210, Mitutoyo 
Corporation, Kawasaki, Japan). Microhardness 
was measured by a micro-Vickers hardness tester 
(HMV-G31, Shimadzu Corporation, Kyoto, Japan) 
following the Vickers microhardness method. The 
flexural strength was determined with a three-point 
bending fixture and a universal testing machine 
(Instron 3345, Instron, Norwood, MA, USA). The 
absorbance was measured with a microplate 
reader (ELx800, BioTek Instruments Inc., 
Winooski, VT, USA). 
 
Disinfection and ageing protocol  
The specimen was put into 20 mL of its designated 
solution and left there for 10 minutes at 37 °C, 
followed by 60 seconds of rinsing with distilled 
water and stored in artificial saliva until the next 
cycle. The solutions were stirred at about 60 rpm.  
Artificial saliva had the following composition: 0.4 
g/L sodium chloride, 0.4 g/L potassium chloride, 

0.795 g/L calcium chloride dihydrate, 0.69 g/L 
sodium dihydrogen phosphate dihydrate, 0.005 g/L 
sodium sulphide nonahydrate, and 1.0 g/L urea. 
The pH was adjusted to 6.8 ± 0.1, and it was 
replaced every 48 hours. A new solution of 
chlorhexidine was used for each cycle.  
 
Fourier-transform infrared spectroscopy  
Attenuated-total-reflectance Fourier-transform 
infrared spectroscopy (a.t.r.-FTIR) was used to 
assess chemical changes with 32 scans of 4 cm⁻¹ 
resolution in the spectral range between 4,000 and 
500 cm⁻¹.  
The carbonyl band of the esters (around 1720 cm-
1) and the region of stretching vibrations of C– O 
were evaluated for PMMA. The amide I and amide 
II region was examined in the case of polyamide. 
The spectra were baseline corrected and 
normalised. Stable internal reference bands were 
used to determine carbonyl and amide-related 
indices.  
Specimens were aged, then rinsed and allowed to 
age for 24 hours in sterile phosphate-buffered 
saline at 37°C at a surface area of 3 cm² per 
volume of 1 mL. The extracts were filtered through 
0.22-µm filters and split for chromatographic and 
cytocompatibility analysis.  
We quantified methyl methacrylate released from 
PMMA and caprolactam released from polyamide 
using high-performance liquid chromatography 
(HPLC) with a C18 column of 250×4.6 mm, 5-µm 
particles.  
Acetonitrile–water (60:40) at 1.0 mL/min, 25°C, and 
210 nm was used for the analysis of methyl 
methacrylate. Water–methanol (85:15) was used 
for the analysis of caprolactam at 1.0 mL/min, 
30°C, and 210 nm. The volume of the injection was 
20 µL.  
Methyl methacrylate standards were prepared in 
the range of 0.10–5.0 µg/mL, and caprolactam 
standards were prepared in the range of 0.05–2.5 
µg/mL. Intra- and inter-day RSD were considered 
acceptable if < 5%, and a coefficient of 
determination > 0.995 and a recovery range 
between 90 and 110% were acceptable values. 
Peaks which could not be identified were recorded 
by retention time but not chemically identified 
without the aid of mass-spectrometric confirmation.  
 
Surface roughness and microhardness  
A contact profilometer was used to measure 
surface roughness. A cut-off length of 0.8 mm, an 
evaluation length of 4 mm and a stylus speed of 0.5 
mm/s were used to record three traces for each 
specimen. The mean arithmetic roughness was 
reported in micrometres (Ra.  
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The microhardness was measured with Vickers 
microhardness testing under a load of 25 kg for 15 
seconds. Five impressions were taken on each 
specimen, and the average of these impressions 
was used as the final value of hardness.  
 
Flexural strength  
The flexural strength was determined using a 
three-point bending fixture of the universal testing 
machine. Specimens were loaded at a rate of 5 
mm/min across a 50 mm span until failure or 
permanent failure. Flexural strength (σ, MPa) was 
calculated as follows: σ = 3FL/(2bd²) in which F is 
the maximum load at failure (N), L is the support 
span (mm), b is the specimen width (mm), and d is 
the specimen thickness (mm).  
 
Water sorption and solubility  
Specimens were dried in a desiccator at 37°C until 
the initial weight was obtained. The mass after 
ageing was measured, and then the sample was 
redried to get the final constant mass. Water 
sorption (Wsp) and solubility (Wsl) were 
determined by the following equations: Wsp = (m2 
− m3)/V, and Wsl = (m1 − m3)/V, where m1 is the 
mass of the initial conditioned sample, m2 is the 
mass after immersion, m3 is the mass after 
reconditioning, and V is specimen volume in mm³.  
 
Exposure of cells to culture and extracts.Cell 
culture and extract exposure.  
Human gingival fibroblasts were cultured at 37°C 
and 5% carbon dioxide in Dulbecco's modified 
Eagle medium containing 10% foetal bovine serum 
(FBS) and 1% penicillin– streptomycin (PS).  
Cells from passages 4-8 were plated in 96-well 
plates at 1×10⁴ cells/well and incubated for 24 
hours to attach. The specimen extracts were then 
placed into the culture medium. Untreated medium 
was used as a negative control, whereas 0.1% 
Triton X-100 was used as a positive control. The 
experiments were repeated three times, and each 
condition was tested in triplicate.  
 
MTT assay 
MTT was then added at 0.5 mg/mL and incubated 
for 4 hr after 24 hrs of exposure. The formazan 
crystals obtained were dissolved in 100 µL of 
dimethyl sulfoxide, and the absorbance was read 
at 570 nm using 630 nm as a reference.  
Extracts were tested at 50% dilution in culture 
medium and undiluted. Cells were serum-starved 
for 4 hours before exposure to the extract. Triton X-
100 0.1% was used as a positive control and 
achieved a significant decrease in viability, thus 
proving the validity of the assay. 

 
Blinding and reliability  
When possible, specimens were coded to hide 
group allocation for measurement purposes. 
Twenty per cent of specimens were remeasured, 
and the intraclass correlation coefficient (ICC) was 
accepted as at least 0.80. Duplicate analysis was 
repeated if a difference of more than 5% was found.  
 
Statistical analysis  
IBM SPSS Statistics version 29.0 was used to 
analyse data. The normality and homogeneity of 
variance tests were used to evaluate normality and 
uniformity of variance, respectively. Data are 
shown as mean±SD.  
Two-way factorial analysis of variance was used to 
analyse each outcome, with material type (PMMA 
or polyamide) and immersion solution (distilled 
water, 0.12% chlorhexidine or 2% chlorhexidine) as 
fixed factors. Simple-effects analysis and Tukey-
adjusted pairwise comparisons were used when a 
significant interaction was found. The family-wise 
significance level was determined as p<0.05.  
Partial eta squared (partial η²) was reported for 
effect sizes and interpreted as small (0.01), 
moderate (0.06), or large (0.14). Pearson's 
correlation coefficient was used to explore the 
correlation between leachate concentration and 
selected physical, mechanical and biological 
results, where the assumptions were met; 
otherwise, Spearman's rank correlation was used. 
If applicable, 95% confidence intervals were 
reported.  
 
Results  
All specimens were immersed through the cycles 
with no fractures, deformation or loss of material. 
Surface dullness was seen in the 2% groups after 
long-term exposure to chlorhexidine. The PMMA 
showed lower surface roughness and higher 
microhardness and flexural strength as compared 
to polyamide at baseline.  
 
Chemical changes and leachate release  
Concentration-dependent changes of the FTIR 
indices were obtained for chlorhexidine. After the 
simulated period, the PMMA carbonyl index 
decreased from 1.00±0.04 at baseline to 0.86±0.05 
with 0.12% chlorhexidine and 0.79±0.06 with 2% 
chlorhexidine. The polyamide amide index 
decreased from 1.00±0.05 to 0.89±0.06 and 
0.83±0.07, respectively.  
There was a significant difference in leachate 
release between chlorhexidine concentrations and 
between the types of materials (p<0.001). PMMA 
released more MMA than the amount of 
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caprolactam released from polyamide. Although 
prolonged exposure to 2% chlorhexidine revealed 
some small unidentified peaks on the 

chromatogram, they could not be identified 
chemically (Table 2).

 
Table 2: FTIR indices and leachate concentrations 

Material Immersion solution Relative FTIR index Leachate concentration (µg/mL) 

PMMA  Distilled water 0.93±0.05 0.68±0.16 

PMMA  0.12% chlorhexidine 0.86±0.05 1.74±0.28 

PMMA  2% chlorhexidine 0.79±0.06 2.31±0.35 

Polyamide  Distilled water 0.95±0.05 0.42±0.11 

Polyamide  0.12% chlorhexidine 0.89±0.06 0.91±0.19 

Polyamide  2% chlorhexidine 0.83±0.07 1.18±0.24 

 
Data are expressed as the mean ± standard 
deviation. The FTIR index represents the carbonyl 
index for PMMA and the amide index for 
polyamide. Leachates are, in this case: methyl 
methacrylate for PMMA and caprolactam for 
polyamide.  
 
Surface and mechanical properties.  
The surface roughness was found to increase with 
increasing chlorhexidine concentration, and the 
microhardness and flexural strength values were 

found to be lower for higher concentrations of 
chlorhexidine. The 2% chlorhexidine solution 
caused the most damage to both materials after 6 
months. The surface roughness, microhardness, 
and flexural strength were significantly affected by 
both material type and immersion solution 
(p<0.001).  
PMMA specimens generally fractured suddenly 
during three-point bending, whereas polyamide 
specimens showed marked bending before failure 
(Table 3).

 
Table 3: Surface and mechanical properties of PMMA and polyamide after six months of 

immersion 

Material Immersion solution Surface roughness (µm) Vickers hardness Flexural strength (MPa) 

PMMA  Distilled water 0.22±0.04 19.6±1.3 89.7±6.6 

PMMA  0.12% chlorhexidine 0.31±0.05 18.1±1.3 83.8±6.4 

PMMA  2% chlorhexidine 0.38±0.06 16.7±1.4 77.9±6.1 

Polyamide  Distilled water 0.27±0.05 11.4±1.0 73.8±5.7 

Polyamide  0.12% chlorhexidine 0.34±0.06 10.5±1.0 69.8±5.5 

Polyamide  2% chlorhexidine 0.42±0.07 9.6±0.9 64.7±5.3 

Data are reported as mean ± SD. 
 
Water sorption, solubility and cytocompatibility.  
Polyamide had higher water sorption and higher 
solubility than PMMA. The higher the concentration 
of chlorhexidine, the higher the outcomes: after 6 
months in 2% chlorhexidine, the highest figure was 
obtained (Table 4). 
The distilled-water groups maintained fibroblast 
viability >90%, as indicated by the extracts. The 

fibroblast viability was decreased following 
chlorhexidine exposure, especially for the PMMA 
groups. The mean viability of only the PMMA group 
treated with 2% chlorhexidine for 6 months fell 
below the 70% cytotoxicity limit. Figure 1 shows the 
trend in fibroblast viability among the different 
groups.  

 
 
 

Table 4: Water sorption and solubility, and fibroblast viability. 

Material Immersion solution Water sorption (µg/mm³) Solubility (µg/mm³) Cell viability (%) 
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PMMA Distilled water 21.8±2.3 1.03±0.24 91.4±5.3 

PMMA 0.12% chlorhexidine 24.6±2.5 1.47±0.27 78.6±6.2 

PMMA 2% chlorhexidine 27.9±2.8 1.86±0.31 66.9±6.4 

Polyamide Distilled water 25.7±2.6 1.31±0.27 92.7±5.1 

Polyamide 0.12% chlorhexidine 29.4±2.9 1.82±0.32 84.9±5.8 

Polyamide 2% chlorhexidine 33.2±3.1 2.38±0.38 75.8±6.1 

Values are presented as mean±standard deviation. Cell viability below 70% was interpreted as an in vitro 
cytotoxic response. 

 

 
Figure 1: Gingival fibroblast viability following simulated six-month exposure of PMMA and 

polyamide specimens to distilled water, 0.12% chlorhexidine, and 2% chlorhexidine. Error bars 
represent standard deviations. The dashed line indicates the 70% in vitro cytotoxicity threshold. 

 
Correlation analysis  
The surface roughness of PMMA and polyamide 
had positive correlation with leachate 
concentration (r=0.78, p<0.001; r=0.69, p<0.001, 
respectively). Lower microhardness, flexural 
strength and fibroblast viability were related to 
higher concentrations of leachate. The highest 
correlation was found between PMMA cell viability 
and release of methyl methacrylate (r=−0.81, 
p<0.001).  
The overall results showed that moderate changes 
were caused by the use of 0.12% chlorhexidine, 
whereas 2% chlorhexidine caused more chemical, 
mechanical and biological alterations after 6 
months of exposure.  
There was a significant immersion-solution effect 
for all tested outcomes (all p<0.001) and large 
effect sizes for most variables on the outcome of 
factorial analysis. The leachate concentration, 
surface roughness, microhardness, flexural 
strength, water sorption, solubility and cell viability 
were found to be significantly different depending 
on the type of material. Only for leachate 
concentration a significant material × solution 
interaction was found, and the solid matrix of 
PMMA and polyamide showed different behaviour 
with respect to the compounds released as a 
function of the different amounts of chlorhexidine.  

 
Discussion  
The present study has shown that six months of 
repeated chlorhexidine exposure resulted in 
chemical, surface and mechanical changes as well 
as biological changes in both PMMA and 
polyamide denture base materials. The extent of 
the changes was found to be primarily dependent 
on the concentration of chlorhexidine and the 
material type; thus, the null hypothesis was 
rejected. The 2% chlorhexidine caused more 
damage than the 0.12% chlorhexidine, suggesting 
that higher concentrations can be more harmful to 
denture polymers after multiple uses (11, 12, 13, 
14, 15, 16, 17, 18). 
FTIR results showed changes in the chemical 
composition of the surface of both polymers were 
observed after 6 months of repeated exposures. 
The decrease in the relative carbonyl index and the 
broadening of hydroxyl-associated regions in 
PMMA could be due to increased water uptake, 
local changes in the polymer environment, and/or 
early degradation. These changes in the spectra 
were paralleled by an increase in solubility, 
leachate emission and a decrease in hardness, 
thus suggesting progressive modification instead 
of mere surface deposition. However, the intensity 
of the peaks in FTIR is not necessarily indicative of 
bond breaking and must be interpreted in 
conjunction with the other results (1, 3, 4, 11). 
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Similar concentration-dependent changes in the 
amide regions were observed for polyamide. The 
presence of polar amide groups can cause it to 
interact with water and molecules in the immersion 
medium by hydrogen bonding, resulting in greater 
uptake of fluid and influence on polymer-chain 
organisation. This mechanism can be a possible 
reason for higher water sorption in polyamide. The 
present results do not, however, apply to all flexible 
denture materials as there are differences in the 
composition of the monomers, crystallinity, 
processing conditions, and additives (2, 5, 6). 
A significant finding was that material-related 
compounds were released more after 
chlorhexidine exposure. The concentration of 
PMMA released increased with the concentration 
of chlorhexidine after 6 months of exposure. 
Chlorhexidine does not appear to produce 
significant amounts of methyl methacrylate. A more 
likely scenario is that the repeated penetration of 
the solution and polymer plasticisation resulted in 
the movement of any low molecular weight 
materials (such as residual monomer) in the resin. 
The polymerisation cycle, degree of conversion, 
storage conditions and water penetration are all 
factors affecting residual release of MMA (3, 4). 
Polyamide had lower release of caprolactam than 
PMMA had of methyl methacrylate, which might 
contribute to the higher fibroblast viability 
measured in the polyamide groups. However, the 
chemical composition of thermoplastic denture 
materials is not always completely known and not 
all polyamides are derived from the same monomer 
systems. If these small unidentified peaks appear 
after a long exposure to 2% Chlorhexidine, the 
polymer additives in the formulation may be eluted, 
the product may have some chlorhexidine left over, 
or there may have been an interaction product 
present. Evidence previously demonstrated that 
chlorhexidine can cause material-dependent 
chemical changes such as surface deterioration, 
corrosion and ion release from dental materials. In 
addition, chlorhexidine can be stored inside or 
integrated into polymeric structures, providing the 
possibility for continued interaction after the initial 
exposure. The peaks detected, however, were not 
identified as particular compounds without 
confirmatory analysis by LC–MS or GC–MS (19, 
20). 
Both materials became rougher over time, 
especially following the 2% chlorhexidine for long-
term use. In the early stages of the study, 
polyamide was rougher than PMMA, and this 
difference persisted during the study, in line with 
the well-known challenges of finishing and 
polishing flexible denture polymers. Chronic 

exposures can leach out superficial matter, 
dissolve soluble materials or cause micro 
perturbations. Changes as a result of long 
exposure to denture cleansers and disinfecting 
solutions have been reported similar to those 
described here (7, 9, 12, 15, 16). 
This is because the roughness observed after long-
term exposure to chlorhexidine could be clinically 
relevant due to the potential to hold stains on its 
rough surface and the protection that may afford to 
receptive sites for the attachment of 
microorganisms. Other factors, however, such as 
surface energy, hydrophobicity, formation of 
salivary pellicle, microbial species and hygiene 
practices can also influence microbial colonisation. 
The present study did not directly measure biofilm 
formation, but the increase in roughness may 
indicate a greater likelihood of more microbes 
being retained in the area; that does not 
necessarily mean more clinical biofilm formation (7, 
8, 9, 15). 
Microhardness and flexural strength were found to 
be inversely proportional to chlorhexidine 
concentration and chlorhexidine exposure time. 
The molecules of water and disinfectant can enter 
the polymer matrix, leading to an increase in the 
distance between chains, causing a plasticising 
effect and decreasing the resistance to indentation 
and bending. This is supported by the concurrent 
rise in water sorption, solubility and release of 
leachate. Other studies have also found evidence 
of mechanical property loss after extended 
exposure to chemical cleansers, but the amount of 
loss will vary by polymer composition and 
immersion procedure (5, 6, 11, 15, 16, 17, 18). 
Polyamide had lower flexural strength than PMMA 
but showed greater deformation before failure, 
reflecting its more flexible behaviour. The 
differences are due to the firmness of PMMA and 
the flexibility of polyamide. The PMMA values after 
lengthy exposure to 0.12 % chlorhexidine were still 
within a generally acceptable range, while 2 % 
chlorhexidine caused a more pronounced 
decrease, indicating that the regular use of higher 
concentration may compromise the mechanical 
safety margin of an aged and/or poorly supported 
denture. However, clinical failure also relies on the 
thickness of the prostheses, their fit, occlusal 
loading, porosity, and accidental impact, as well as 
the repair history of the prostheses (1, 5, 6, 11). 
The results of cytocompatibility revealed that after 
6 months of repeated exposure to chlorhexidine, 
there was a decrease in the viability of gingival 
fibroblasts. The extraction of PMMA had a more 
significant effect than the extraction of polyamide, 
with a higher effect value after 2% chlorhexidine 
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was applied for a longer period. The mean viability 
of only the PMMA group treated with 2% 
chlorhexidine for the simulated period fell below the 
70% cytotoxicity limit. This effect could have been 
due to any of the residual methyl methacrylate, 
remaining chlorhexidine, unknown extractable 
compounds or a mix of several. Viability is strongly 
correlated with the amount of methyl methacrylate 
released, which indicates a relationship but does 
not prove that methyl methacrylate is the only 
component responsible for the cell response (3, 4, 
13, 14, 21). 
Polyamide has more water sorption and surface 
roughness, but has better cell viability. The 
difference in the cytocompatibility of the two 
materials observed indicates that polyamide could 
be a better choice for patients with known 
sensitivity to acrylic monomer; however, clinical 
confirmation is needed. However, polyamide 
should not be viewed as biologically inert since its 
response is dependent on its formulation, 
processing and ageing conditions. More fluid 
absorption can also lead to the accumulation and 
release of a substance from the surroundings of the 
material (2, 22, 23). 
The 70% viability is a useful figure for screening in 
vitro but does not necessarily translate to clinical 
tissue injury. In the oral cavity, compounds released 
from tooth surfaces are diluted by saliva, which is 
constantly replaced, and mucosa has repair 
mechanisms which are lacking in a cell culture 
model. However, exposure may be higher in some 
patients if they wear a denture for a long period of 
time and have reduced saliva production. So, the 
observed reduction in viability should be viewed as 
a warning signal, which should be confirmed in a 
clinical setting, not as proof of clinical toxicity (14, 
21). 
The relationships between the leachate release, 
water sorption, roughness, mechanical 
deterioration and cell viability indicate that they are 
related aspects of polymer ageing. Immersion in 
the medium can cause structural changes that can 
lead to surface and mechanical degradation and 
can increase the mobility of the chains. Structural 
changes arising during the immersion can cause 
mechanical and surface damage as well as 
increasing the mobility of the chains. The 
correlations do not imply a causal sequence; 
however.  
The results from a clinical point of view do not 
suggest that chlorhexidine should be avoided 
altogether. It is still an effective antimicrobial agent 
to control microorganisms associated with 
dentures. Routine denture care with chlorhexidine, 
however, could be inappropriate with prolonged 

use for a day's denture. Lower concentrations or 
lower concentrations for shorter durations or 
intermittently followed by a thorough rinse may 
offer a more satisfactory combination of microbial 
control and preservation of material integrity. The 
type of denture base should also be taken into 
consideration, since there was no universal 
response from PMMA and polyamide (7, 8, 9, 10, 
13). 
A major limitation is that the retention of residual 
chlorhexidine in the PMMA and polyamide 
specimens cannot be quantified. There is potential 
that the cytotoxic effects observed were due to 
separate action of retained chlorhexidine, apart 
from polymer derived leachates. Future studies 
should quantify residual chlorhexidine, in order to 
differentiate disinfectant-derived effects from 
material-derived biological effects. The major 
strengths of the present study were the 
simultaneous evaluation of the chemical, surface, 
mechanical, and biological properties, the use of 
two denture base materials, and the use of two 
concentrations of chlorhexidine in a standardised 
six-month exposure protocol. The in vitro design, 
the employment of only one commercial product for 
each material category, and the absence of oral 
temperature changes, mastication, brushing, diet, 
pH changes, and microbial activity are limitations. 
Chromatographic peaks were not identified by 
mass spectrometry, and the amount of 
chlorhexidine that remained was not determined 
separately. Other commercial materials, additional 
thermal cycling, mechanical brushing, cyclic 
loading, chlorhexidine analysis, and direct testing 
of biofilms should be included in future studies.  
 
Conclusion 
Repeated chlorhexidine disinfection for six months 
resulted in concentration-dependent changes in 
both polymethyl methacrylate (PMMA) and 
polyamide denture base materials. Exposure to 
chlorhexidine affected an increment in surface 
roughness, water sorption, solubility and material-
related leachate release, and a decrease in 
microhardness, flexural strength, and gingival 
fibroblast viability. Although PMMA had the 
smoothest surface and the highest flexural 
strength, it emitted more amounts of MMA, and it 
induced more decrease in the viability of the 
fibroblasts. The polyamide material was more 
cytocompatible, while it had higher water sorption 
and surface roughness. Although moderate 
changes occurred with 0.12% chlorhexidine, 2% 
chlorhexidine resulted in more pronounced 
chemical, mechanical and biological degradation 
after 6 months. Routine daily immersion in 2% 
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chlorhexidine should be avoided, in favour of using 
lower concentration and/or less frequent 
immersion, or of alternative immersion methods, 
especially for PMMA-based dentures. 
 
Study limitations 
This study was in vitro, did not utilise thermal 
cycling, mechanical loading, brush and food pH 
changes, nor saliva flow or the formation of biofilm, 
and did not measure the quantity of residual 
chlorhexidine found in the specimens. So clinical 
generalisation cannot take place directly without 
clinical validation. 
 
Declarations 
Ethics approval and consent to participate 
The study was done in vitro, with human gingival 
fibroblast cells obtained from a commercial source. 
There were no human subjects and no identifiable 
clinical samples used directly, and so formal ethical 
approval was not necessary as per institutional 
guidelines. 
 
Consent for publication 
This paper is published under the Creative 
Commons Attribution-Noncommercial 4.0 
International License with the cooperation of all 
authors. 
 
Data availability 
The datasets used and/or analysed in the current 
study are available from the corresponding author 
upon reasonable request. 
 
Competing interests  
The authors declare that they have no competing 
interests.  
 
Funding  
No special funding for this research was received 
from public, commercial or not-for-profit sources.  
 
Authors’ contributions  
MSA contributed to the study concept, design, and 
supervision. KIF performed specimen preparation 
and laboratory testing. AFNMT contributed to cell-
culture procedures and data collection and 
performed the statistical analysis. All authors 
contributed to interpretation of the findings, drafting 
and revising the manuscript, and approved the final 
version.  
 
Acknowledgements  
Not applicable.  

 
Artificial intelligence disclosure  
Generative artificial-intelligence tools were used 
only for language editing and improvement of 
readability. The authors reviewed and verified all 
scientific content, experimental data, statistical 
analyses, interpretations, and final revisions, and 
are ultimately responsible for the manuscript. 
 
Abbreviations  
CHX: Chlorhexidine.  
FTIR: Fourier Transform Infrared Spectroscopy 
HPLC: High-Performance Liquid 

Chromatography 
LC-MS: Liquid Chromatography-Mass 

Spectrometry.  
GC-MS: Gas chromatography-mass spectrometry 
MMA: Methyl methacrylate 
PMMA: Polymethyl methacrylate  
Ra: Arithmetic mean surface roughness 
 
References 
1. Zafar MS. Prosthodontic applications of 

polymethyl methacrylate (PMMA): An update. 
Polymers. 2020 Oct 8;12(10):2299. 
https://doi.org/10.3390/polym12102299  

2. Jang DE, Lee JY, Jang HS, Lee JJ, Son MK. 
Color stability, water sorption and cytotoxicity of 
thermoplastic acrylic resin for non metal clasp 
denture. The Journal of Advanced 
Prosthodontics. 2015 Aug 18;7(4):278. 
https://doi.org/10.4047/jap.2015.7.4.278  

3. Wei X, Pan Y, Wang M, Wang Y, Lin H, Jiang L, 
Lin D, Cheng H. Comparative analysis of 
leaching residual monomer and biological 
effects of four types of conventional and 
CAD/CAM dental polymers: An in vitro study. 
Clinical Oral Investigations. 2022 
Mar;26(3):2887-98. 
https://doi.org/10.1007/s00784-021-04271-2  

4. Bural C, AktaŞ E, Deniz G, Ünlüçerçi Y, 
Bayraktar G. Effect of leaching residual methyl 
methacrylate concentrations on in vitro 
cytotoxicity of heat polymerized denture base 
acrylic resin processed with different 
polymerization cycles. Journal of Applied Oral 
Science. 2011;19:306-12. 
https://doi.org/10.1590/S1678-
77572011005000002  

5. Nguyen LG, Kopperud HM, Øilo M. Water 
sorption and solubility of polyamide denture 
base materials. Acta Biomaterialia 
Odontologica Scandinavica. 2017 Jan 
1;3(1):47-52. 
https://doi.org/10.1080/23337931.2017.132600
9  

https://doi.org/10.3390/polym12102299
https://doi.org/10.4047/jap.2015.7.4.278
https://doi.org/10.1007/s00784-021-04271-2
https://doi.org/10.1590/S1678-77572011005000002
https://doi.org/10.1590/S1678-77572011005000002
https://doi.org/10.1080/23337931.2017.1326009
https://doi.org/10.1080/23337931.2017.1326009


Majid et. al., Babcock Univ. Med. J.2026 9(3):355-365 

364 
 

6. Chuchulska B, Zlatev S. Linear dimensional 
change and ultimate tensile strength of 
polyamide materials for denture bases. 
Polymers. 2021 Oct 8;13(19):3446. 
https://doi.org/10.3390/polym13193446  

7. Da Silva FC, Kimpara ET, Mancini MN, Balducci 
I, Jorge AO, Koga‐Ito CY. Effectiveness of six 
different disinfectants on removing five 
microbial species and effects on the 
topographic characteristics of acrylic resin. 
Journal of Prosthodontics: Implant, Esthetic and 
Reconstructive Dentistry. 2008 Dec;17(8):627-
33. https://doi.org/10.1111/j.1532-
849X.2008.00358.x  

8. Pellizzaro D, Polyzois G, Machado AL, 
Giampaolo ET, Sanitá PV, Vergani CE. 
Effectiveness of mechanical brushing with 
different denture cleansing agents in reducing in 
vitro Candida albicans biofilm viability. Brazilian 
Dental Journal. 2012;23:547-54. 
https://doi.org/10.1590/S0103-
64402012000500013  

9. Alfouzan AF, Tuwaym M, Aldaghri EN, Alojaymi 
T, Alotiabi HM, Taweel SM, Al-Otaibi HN, Ali R, 
Alshehri H, Labban N. Efficacy of denture 
cleansers on microbial adherence and surface 
topography of conventional and CAD/CAM-
processed denture base resins. Polymers. 2023 
Jan 15;15(2):460. 
https://doi.org/10.3390/polym15020460  

10. Kareem RA, Musadaq YM, Ahmed AG, Al-
Najjar AZ, Al-Mashhadane FA. Comparative 
clinical and microbiological evaluation of 
chlorhexidine mouthwash on PMMA versus 
polyamide dentures: randomized parallel-group 
clinical trial. J Contemp Med Sci. 2026;12(2). 
https://doi.org/10.22317/jcms.v12i2.2141  

11. Marcillo-Toala OO, Bringel da Costa RM, 
Chappuis-Chocano AP, Venante HS, Santiago 
Júnior JF, Lara V, Neppelenbroek KH, Carvalho 
Porto V. Does continuous chemical disinfection 
affect mechanical properties of CAD/CAM 
PMMA?. International Journal of 
Prosthodontics. 2024 May 1;37(3). 
https://doi.org/10.11607/ijp.8301  

12. Saraf S, Mishra SK, Agrawal B. Effect of 
beverages, denture cleanser and chlorhexidine 
gluconate on surface roughness of flexible 
denture base material: an in vitro study. 
European Oral Research. 2024 May 1;58(2):76-
82. https://doi.org/10.26650/eor.20231177548  

13. Procópio AL, Da Silva RA, Maciel JG, Sugio CY, 
Soares S, Urban VM, Neppelenbroek KH. 
Antimicrobial and cytotoxic effects of denture 
base acrylic resin impregnated with cleaning 
agents after long-term immersion. Toxicology in 

Vitro. 2018 Oct 1;52:8-13. 
https://doi.org/10.1016/j.tiv.2018.05.012  

14. Masetti P, Arbeláez MI, Pavarina AC, Sanitá PV, 
Jorge JH. Cytotoxic potential of denture base 
and reline acrylic resins after immersion in 
disinfectant solutions. The Journal of Prosthetic 
Dentistry. 2018 Jul 1;120(1):155-e1. 
https://doi.org/10.1016/j.prosdent.2018.01.001  

15. de Oliveira JS, de Paiva Memento Machado H, 
Camargo R, Ribas BR, Ferro AC, Pereira AL, 
Jorge JH. Effect of prolonged brushing with 
different agents on surface characteristics of 
conventional and 3D-printed denture resins. 
Scientific Reports. 2025 Oct 24;15(1):37305. 
https://doi.org/10.1038/s41598-025-21212-1  

16. Fotovat F, Abassi S, Nikanjam S, Alafchi B, 
Baghiat M. Effects of various disinfectants on 
surface roughness and color stability of 
thermoset and 3D-printed acrylic resin. 
European Journal of Translational Myology. 
2024 Jan 18;34(1):11701. 
https://doi.org/10.4081/ejtm.2024.11701  

17. Alkaltham NS, Aldhafiri RA, Al-Thobity AM, 
Alramadan H, Aljubran H, Ateeq IS, Khan SQ, 
Akhtar S, Gad MM. Effect of denture 
disinfectants on the mechanical performance of 
3D-printed denture base materials. Polymers. 
2023 Feb 26;15(5):1175. 
https://doi.org/10.3390/polym15051175  

18. Sampath A, Velaga P, Devarapalli S, Guntupalli 
S, Peeta RB, Boyapati H. Impact of Chemical 
Disinfectants on Surface Microhardness of 
Acrylic Resin Denture Teeth: An In Vitro Study. 
Cureus. 2025 Jul 26;17(7). 
https://doi.org/10.7759/cureus.88801  

19. Salih HM, Akram ZM, Al-Najjar AZ. Effect of 
chlorhexidine on various dental implant 
surfaces types: comparative analysis of ion 
release and corrosion in an in vitro surgical 
model. Bull Stomatol Maxillofac Surg. 
2025;21(7). 
https://doi.org/10.58240/1829006X-2025.21.7-
407  

20. Luanareesatit P, Nasongkla N, Anunmana C, 
Eiampongpaiboon T. Layer by layer 
nanocoating of chlorhexidine-loaded micelles 
on polymethyl methacrylate denture base. BMC 
Oral Health. 2025 Dec;25(1):1-9. 
https://doi.org/10.1186/s12903-025-07090-z  

21. Coelho AS, Laranjo M, Gonçalves AC, Paula A, 
Paulo S, Abrantes AM, Caramelo F, Ferreira 
MM, Silva MJ, Carrilho E, Botelho MF. Cytotoxic 
effects of a chlorhexidine mouthwash and of an 
enzymatic mouthwash on human gingival 
fibroblasts. Odontology. 2020 Apr;108(2):260-

https://doi.org/10.3390/polym13193446
https://doi.org/10.1111/j.1532-849X.2008.00358.x
https://doi.org/10.1111/j.1532-849X.2008.00358.x
https://doi.org/10.1590/S0103-64402012000500013
https://doi.org/10.1590/S0103-64402012000500013
https://doi.org/10.3390/polym15020460
https://doi.org/10.22317/jcms.v12i2.2141
https://doi.org/10.11607/ijp.8301
https://doi.org/10.26650/eor.20231177548
https://doi.org/10.1016/j.tiv.2018.05.012
https://doi.org/10.1016/j.prosdent.2018.01.001
https://doi.org/10.1038/s41598-025-21212-1
https://doi.org/10.4081/ejtm.2024.11701
https://doi.org/10.3390/polym15051175
https://doi.org/10.7759/cureus.88801
https://doi.org/10.58240/1829006X-2025.21.7-407
https://doi.org/10.58240/1829006X-2025.21.7-407
https://doi.org/10.1186/s12903-025-07090-z


Majid et. al., Babcock Univ. Med. J.2026 9(3):355-365 

365 
 

70. https://doi.org/10.1007/s10266-019-00465-
z  

22. Uzun IH, Tatar A, Hacimuftuoglu A, Saruhan F, 
Bayindir F. In vitro evaluation of long-term 
cytotoxic response of injection-molded 
polyamide and polymethyle metacrylate 
denture base materials on primary fibroblast cell 
culture. Acta Odontologica Scandinavica. 2013 
Sep 1;71(5):1267-72. 
https://doi.org/10.3109/00016357.2012.757648  

23. Lee JH, Jun SK, Kim SC, Okubo C, Lee HH. 
Investigation of the cytotoxicity of thermoplastic 
denture base resins. The Journal of Advanced 
Prosthodontics. 2017 Dec 14;9(6):453. 
https://doi.org/10.4047/jap.2017.9.6.453  

https://doi.org/10.1007/s10266-019-00465-z
https://doi.org/10.1007/s10266-019-00465-z
https://doi.org/10.3109/00016357.2012.757648
https://doi.org/10.4047/jap.2017.9.6.453

