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Abstract 
Acrylic resin processed by compression molded technique had been used to manufacture the removable 
complete dentures bases for many years. 
However there are many disadvantages connected to the use of this material with the ordinary 
compression molding as a denture base, the reason that made the researches try to find a better 
alternatives whether by changing the processing technique: like in the case of using acrylic resins 
processed by injection molded technique which proved to be a better choice in many aspects, on the other 
hand some researchers preferred to use another material so they used metal bases as replacement for the 
ordinary acrylic denture base. There are many ways to make patterns for metal bases casting in partial 
and complete dentures. 
Recently many researchers and practitioners used CAD-CAM technologies to make patterns for metal 
casting and facilitate the work, and save time. 
This study compares the candida albicans colony formation on the two materials mentioned above as an 
advantage to the material studied. 
Purpose: The purpose of this study is to compare the growth of candida albicans on removable complete 
dentures bases manufactured using CAD/CAM designed metal (Co-Cr casted from milled wax patterns) 
and injection molded acrylic resin. 
Materials and Methods: Split-palate maxillary complete dentures were fabricated for 10 edentulous 
patients. one-half of the palate was made in acrylic resin and the other half in Co-Cr metal palate that was 
casted from CAD-CAM milled patterns for each patient in this study. 
specimens were collected at 1, 3, and 5 months using a modified imprint culture method. Speciation of 
Candida albicans was performed using a chromogenic culture medium. Two-sample t-test was employed 
to determine effects and significant interactions between the acrylic and the metal groups. 
Results: Significant differences were observed in the candida albicans colony counts between both 
materials during the first, the third, and the fifth month. The Colony forming unit(CFU)/cm2 means were 
significantly less on the Co-Cr casted metal denture bases than CFU/cm2means on the injection molded 
acrylic resin.  
Conclusions: The metal base proved to be effective in decreasing the candida albicans growth typically 
present in complete dentures. Colony counts of Candida albicans were higher in the injection molded 
acrylic resin part of denture bases of the patients in this study. 
 
Keywords: Injection molded resin, CAD, CAM, Metal, Cobalt, Chrome, Wax Milling, Denture base, 
candida albicans, chrome agar, imprint culture, CFU 

 

Introduction 
Dr. Walter Wright (1937) introduced Polymethyl methacrylate as a denture base material 
which became the major polymer to be used. Since ages, polymethyl methacrylate (PMMA) 
has been used to fabricate the dentures, and since its introduction as a denture base material, its 
use has become almost universal [1-5]. 
On the other hand, this material have many disadvantages as a denture base, such as 
dimensional changes [2, 3, 6, 7], residual monomer allergy [5], low thermal conductivity [5, 8], low 
hardness [5, 8], water sorption [9], The lack of dimensional stability [2]. 
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Dentures are usually subjected to a combination of 

compressive, tensile, shearing loads and these forces are 
increased in ill-fitting dentures and these forces are traumatic 
to both soft and hard tissue of denture bearing surface [10]. 

 

Injection molded resin as a denture base replacement 

Attempts to overcome the problems associated with the use of 

compression molding technique have resulted in the 

development of the continuous injection system. Introduced in 

1942, continuous injection molding eliminates the flash of 

resin between the halves of the flask and compensates for 

polymerization shrinkage by forcing extra resin into the flask 

during polymerization.  

The results of Nogueira S.S et.al in the year 1999 study 

indicated a significantly higher degree of accuracy for the 

injection molding technique for processing dentures over the 

standard compression molding technique. They also 

concluded that the injection molding system would save time 

in construction of dentures because of the smaller incisal pin 

opening and the reduction in time consumed in post-

processing adjustments [11]. 

Dentures that have been processed by the compression 

molded technique show greater changes in a horizontal and 

diagonal direction than dentures processed by the injection 

molded technique [12]. Injection molding allows directional 

control of the polymerization process through the flask 

design. A constant flow of new material from the sprue 

compensates for the polymerization shrinkage. Various 

injection-molded denture base materials and processing 

techniques are now available, each claiming to produce more 

accurate denture bases. The SR-Ivocap system (Ivoclar AG, 

Schaan, Liechtenstein) is an injectable PMMA. There have 

been various studies carried out on the material, and the 

literature in general supports the claim that the SR-lvocap 

system has less linear dimensional change than conventional 

PMMA [13]. Injection molded resin is superior in terms of 

dimensional accuracy compared to conventional pressure 

packed PMMA resin [14]. 

A smooth denture surface will be beneficial to the patient and 

contribute to a healthier oral environment. Microorganisms 

are a normal part of the oral cavity; however, any effort by the 

dentist to reduce the likelihood of plaque and biofilm 

accumulation will benefit the patient immensely [15]. 

Berger and his colleagues found in their research in 2006 that 

injection molded resin showed the least rough specimen 

among all those tested in that study (heat cured injection 

molded, heat cured compression molded, Autopolymerized, 

Microwave polymerized) [15]. 

Surface roughness may contribute to the rate of microbial 

colonization and biofilm formation on acrylic resin. 

Studies by Morgan and Wilson and by Lamfon showed that 

bacteria and fungus have more of a propensity to adhere to 

rough acrylic resins [15-17]. 

 

Metal alloys as a denture base replacement 

PMMA denture bases have good mechanical, biological and 

esthetic properties but they may fail because of excessive 

masticatory or functional forces. In such circumstances metal 

denture base can be used [18, 6, 19]. 

Various studies have shown that metal dentures were 

perceived as more comfortable than acrylic resin denture 

reduces burning sensation, allergic reactions, eliminating 

microbial colonization, is fracture resistant, thin, comfortable 

to the patient and gives them a feeling of chewing food 

naturally [20]. Acrylic denture base materials may serve as a 

reservoir for microorganisms like candida albicans and 

bacteria [21, 22]. 

In spite of many advantages, metal denture bases do not enjoy 

widespread use in clinical practice. Metal based dentures are 

more retentive, have less Occlusal discrepancy, cause fewer 

sore spots, have a reduced incidence of fracture, feel better to 

the patient, are better thermal conductors, act as a stable 

record base, have a thinner palate that aids speech, better 

preserve the residual alveolar ridge, are less porous, deform 

less during lateral mandibular function, and are more accurate 

in tissue detail [18]. 

Metal denture base are more tissue tolerant and resistant to 

deformation than acrylic denture base [6]. 

The coefficient of thermal conductivity of PMMA is 

approximately 0.2 W/min°K; this rate is almost one-third of 

the coefficient of thermal conductivity of most metals. Due to 

this difference, in some studies, acrylic denture base has been 

replaced with metal base [8]. 

For metallic prostheses, the traditional lost-wax casting 

technique is most commonly used in dentistry. Defects and 

inaccuracy generated in this labor-intensive casting process, 

that can take 1 week to complete, call for new methods to 

satisfy customer needs nowadays. 

Recent research achievements in the areas of computer-aided 

design and computer aided manufacturing (CAD/CAM) 

technology have created alternative routes to fabricate dental 

prostheses and dental implants [23]. 

Digital strategies widen the scope of therapeutic applications 

for partial dentures as a result of improved design and 

production control, new materials, and improved efficiencies 

that will likely enhance outcomes and improve patient 

experiences [24, 25]. 

 

Candida albicans growth on dentures bases 

Dentures create an environment that helps the localization and 

development of potentially virulent organisms. 

Factors such as prosthesis fit, hygiene, and host susceptibility 

contribute to the development and progression of this 

condition so that the reported prevalence ranges between 10% 

and 67% in complete denture wearers among several 

populations and age groups [26]. The impression surface of a 

maxillary denture in particular may be a common reservoir 

for microorganisms. Candida albicans is the most important 

and predominant oral fungal pathogen. It has the ability to 

adhere and proliferate on both soft and hard tissues, forming 

complex biofilm structures. This depends on initial 

attachment to the denture impression surface, which in turn 

depends on physical properties of the material surface such as 

porosity, surface free energy, hydrophobicity, and roughness. 

These variables are all influenced by type of the materials 

used in preparing dentures, their polymerization method, and 

any surface modifications in corporation of fibers or surface 

coating [28, 27].  

Most manifestations of candidiasis are associated with the 

formation of Candida albicans biofilms on surfaces such as 

prostheses. Biofilms in denture plaque represent a protective 

reservoir for oral microbes. 

There is a strong possibility that the colonization of denture 

bearing surfaces can serve as a reservoir for disseminated 

infections. In addition surface irregularities could increase the 

likelihood of residual microorganisms on the surface after the 

prosthesis has been cleaned, thus allowing continuous 

reinfection of the palate [29]. 

Microorganisms are a normal part of the oral cavity; however, 

any effort by the dentist to reduce the likelihood of plaque and 
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biofilm accumulation will benefit the patient immensely [15]. 

Injection molded resin material show less plaque adhesion; 

therefore, less denture induced stomatitis is probable in 

patients wearing dentures made with this technique [27]. 

Metal denture base is effective in decreasing fungal growth in 

complete dentures and provides to be an alternative dental 

service for edentulous patients [29]. 

 

Materials and Methods 

Ten maxillary edentulous patients (with no systemic health 

problems, e.g.: diabetes or smoking habits) were selected 

from the prosthodontics department Clinic (Faculty of 

dentistry-Hama university Syria). All patients agreed with the 

trial protocol and signed a voluntary consent agreement. 

Maxillary complete dentures were constructed using a split-

palate technique (Fig 1), the patients final casts were scanned 

with laboratory scanner (Edge scanner, DOF, Korea), and the 

scanned Stl file then transferred to the design software 

(3SHAPE Complete Restorative Software, Denmark) to be 

used in designing the complete maxillary plate patterns, then 

after completing the designing process, the design Stl file was 

send to DG shape software to be milled from a wax blank 

(Diamond, Canada) using the Roland DWX-52D 5-Axis 

Dental Milling Machine milling machine( Roland, USA). 

All dentures were made using Cobalt-Chrome partial denture 

alloy a (Wironit extra-hard-Bego- Germany) on the right half 

of the denture palate according to the manufacturer 

instructions. 

The left half of the denture palate were made of injection 

molded acrylic resin (Ivoclar vivadent- Liechtenstein).  

A protocol of oral hygiene and home care of the prostheses 

was implemented to minimize the variables normally seen in 

clinical studies. 

Sampling collection was performed at 1, 3, and 5 months 

post-insertion of dentures. 

Sampling collection was performed using a modified imprint 

culture method: 2.0 cm2 sterile sponges pre-moistened with 

10 ml Buffered peptone water (Liofilchem, Italy) were placed 

for 60 seconds on each intaglio surface. Each sponge was then 

placed into individual tubes containing 10 ml of Buffered 

peptone water. The tubes were mechanically stirred for 15 

seconds in Multi Shaker (Tokyo Rikakikai Co Ltd, Japan). 

Using a pipette, 0.1 ml solution was transferred to the 

chromogenic agar (CHROMagar Candida, Liofilchem, Italy). 

The solution was then spread evenly over the surface of the 

plates and transferred for incubation at 37◦C for 84 hours. 

Candida albicans colonies on each media were identified 

because of its green color according to the manufacturers' 

instructions and manuals counted and expressed as total 

colony forming units per cm2 (CFU per cm2). Colony 

counting was done manually and to confirm the results the 

count was done again using Open CFU software. 

The differentiation of Candida albicans species such as 

albicans, and other types of candida albicans was possible 

because these species grew as different colors of isolated 

colonies on the agar surface, and the candida albicans 

colonies were green in color according to CHROMagar 

manufacturer manual. 

This study took place at the Department of Prosthodontics, 

Faculty of Dentistry and in the lab of scientific Research, 

Faculty of Veterinary medicine, Hama University- Syria.  

 

  
 

Fig 1: Digital design  Fig 2: Milled wax blank 

 

  
 

Fig 3: Metal palate after casting  Fig 4: Maxillary denture intaglio surface 
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Fig 5: Maxillary denture in the oral cavity  Fig 6: Imprint sampling from the metal half 
 

  
 

Fig 5: Incubating plates in 37º C Incubator  Fig 6: Manual CFU counting 

 

Statistical study 
A two-sample t-test for independent variables was employed 

to determine the effects and significant interactions between 

the CFU/Cm2 in the injection molded acrylic resin and the 

Co-Cr casted metal half. The significant differences in the 

average values, and all values were considered significant at P 

≤ 0.05. 

 

Results 

 
Table 1: candida growth comparison between metal bases and injection molded resin expressed by CFU/cm2 

 

Candida Albicans Candida Colonies CFU/cm2 

Metal Half IMR (Acrylic) Half 

Test Time One month Three months Five months One month Three months Five months 

Mean 170 300 370 295 395 560 

SD 45.82 50 67.82 47.16 41.53 43.58 

 

There were significant differences in candida albicans colony 

count (the CFU/cm2) between the metal half and the injection 

molded resin half of the dentures. 

 

 
 

Graph 1: candida growth comparison between metal bases and injection molded resin expressed by CFU/cm2 
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Discussion 
Candida albicans was studied in this article because it’s the 
main isolate from denture stomatitis lesions [30]. 
The samples were taken from the inner surface of the dentures 
because C. albicans is found in higher numbers on the fitting 
surface of the prosthesis than on the infected mucosa, hence 
the role of the prosthesis as a reservoir of infection [31]. 
Injection molded resin had been used in this study, because of 
its more accurate than compression molded denture acrylics 
[11], and injection molded resin shows less dimensional 
changes than the compression molded [12-14] and most 
importantly the injection molded resin have smoother surface 
than the compression molded one [15] which can affect directly 
the attachment of microorganisms including candida to the 
surfaces of the dentures, because smoother the surface less 
microorganisms can colonize it [15-17]. 
The CAD/CAM technique was used to mill the wax patterns 
because it's easier to design the palate pattern using this 
technique, and it's more likely to get similar surface features 
by using the same wax blank and the milling machine, with 
the same casting steps for all the patients. 
This technique also can save time and labor [32]. 
Co-Cr casted metal palate had been used in this study also 
because it considered to be a good replacement for the 
ordinary compression molded acrylic resin because it is 
fracture resistant and its more comfortable than acrylic resin 
denture, reduces burning sensation, allergic reactions, and 
most importantly it eliminating microbial colonization [20]. 
Due to the surface irregularities of acrylic resin, a factor in the 
entrapment of microorganisms, there is a need for improved 
denture base materials that could inhibit the growth of 
microorganisms [29]. 
As for this study results, it was found that Co-Cr casted metal 
palate is less in candida albicans colonization than the 
injection molded resin over time, which agrees with Pryor 
who noted an inhibitory action on the growth of 
microorganisms when using metal bases [33], it also agrees 
with the results of Perezous. L and her colleagues in their 
research 2006, but in their research they compare candidal 
growth on compression molded acrylic resin and metal palates 
made of nickel-chromium-beryllium alloy and the patients 
were aids patients [29]. 
The metal base complete dentures in this study proved to be 
effective in decreasing the candida albicans growth typically 
associated with these prostheses. 

This happens maybe because metal surfaces are less rough 
than the acrylic resin surfaces [34], which can affect directly 
the attachment of microorganisms including candida to the 
surfaces of the dentures [15-17]. 
Also it maybe occurred because metal denture bases have 
better dimensional accuracy than the acrylic resin ones [35, 36] 
poor fitting dentures may can be connected to the candidal 
accumulation [37]. 
Also some studies shows that Co-Cr metal denture bases can 
form less passive film. The relative permittivity level of the 
passive film on the Co-Cr alloy is considerably lower 
compared to other alloys which makes the level of adherent 
biofilm on the Co-Cr lower [38]. 
 Also it may relate to the lower surface free energy of the Co-
Cr denture base alloys when compared with heat cure acrylic 
compression molded resin and cold cure injection molded 
resin [39]. Which can lower plaque accumulation and lower the 
adhesion of candida albicans [40, 41]. 

 

Conclusions 

 Within the limits of this study, it was concluded that the 

candida albicans growth at all-time intervals studied was 
less on the Co-Cr maxillary metal denture bases casted 
from milled wax patterns, than that was on the injection 
molded acrylic resin. 

 Metal base prostheses may be of clinical significance as a 

treatment alternative to patients who are prone to higher 

incidence of candidal infections. 
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