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ABSTRACT
Introduction: Despite the progress of additive

manufacturing, there are different opinions regarding mi-
crobial adhesion on the surface of 3D printed dentures and
the biocompatiability of the materials.

The purpose of this in-vivo study was to determine
the presence of Candida species in the saliva, oral mu-
cosa and on dentures of patients wearing heat-cured
polymethylmethacrylate (PMMA) and 3D-printed pros-
thetic appliances after a three-month period of observa-
tion.

Materials and methods: The clinical study in-
cluded 40 edentulous patients, divided into two groups -
first group (A) –wearing conventional dentures and sec-
ond group (B) – wearing 3D printed dentures. It was used
chrom agar Candida (Bio Merieux) for identification and
quantity assessment of the presence of Candida spp. and
spectrophotometric analysis using VITEK MS (Bio
Merieux).

Results: After three months of wearing the dentures,
Candida spp was not isolated in the saliva in 60% of pa-
tients in group A and 70% of group B, with no statisti-
cally significant difference between the results before the
treatment and after the third month. In the third month,
Candida spp was isolated from the oral mucosa of 20%
of group A and in group B – 10%, with no significant dif-
ference between the groups (p<0.05). No Candida spp was
isolated from 90% of denture surfaces in both groups.

Conclusion: The adhesion of Candida spp. to 3D
printed dentures is not higher than conventional dentures
made from heat-curing resin. Also, there is no difference
between the amount of Candida spp. in the saliva, oral
mucosa and denture surfaces.

Keywords: 3D dentures, Candida spp., denture sto-
matitis,

INTRODUCTION
Denture stomatitis is a common diagnosis for pa-

tients treated with removable dentures. The condition can
be localized or generalized, and it is caused by inflam-
mation of the oral mucosa, which is in contact with the
denture surface.

The main etiological factor is the presence and in-
creased quantity of Candida species. They are often en-
countered and considered harmless members of the human
microbiome - Candida albicans, Candida tropicalis, Can-
dida glabrata, Candida parapsilosis, Candida stellatoidae,
Candida krusei, Candida kefyr and etc. Approximately 200
species of Candida are known, and only 10% of them can
cause infections. Among all of them, Candida albicans is
most frequently isolated from the oral cavity [1-3].

When the patient is wearing a removable denture,
a large part of the oral mucosa is in contact with the den-
ture base, creating suitable conditions for the bacterial and
fungal multiplication in the narrow space between the mu-
cosa and the denture. Also, the surface roughness of the
materials is considered to predispose colonization.

For many years, the conventional denture fabrica-
tion method with heat-curing resin has been utilized and
it is well known that the final result mainly depends on
the manual skills of the operator and the manufacturing
process. However, flaws such as porosity, surface rough-
ness and volumetric changes are common [4, 5].

Polymethylmethacrylate (PMMA) is a primary ma-
terial used for making removable dentures by conven-
tional and well-known methods. Its qualities, such as low
density, good aesthetic characteristics, low cost, easy
processing and relatively good physical and mechani-
cal properties, make PMMA the preferred material for the
fabrication of different prosthetic and orthodontic appli-
ances [6].

Despite the many advantages of PMMA, its suscep-
tibility to microbial colonization remains a major draw-
back. Over time, not only bacterial biofilm formation is
observed, but microorganisms also have the ability to
penetrate into the deeper layers of the polymer [7]. Con-
versely, the oral cavity is an ideal microbial incubator [8]
due to its moisture, moderate temperature, abundance of
nutrients [9] and combination of different surfaces [10].
Numerous and diverse microorganisms – bacteria, fungi
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and viruses [11] - form a complex ecosystem that influ-
ences the oral and the patiens’s overall health. If the bal-
ance of the ecosystem is disrupted by an increase in the
quantity of some of the microorganisms or the immune
system is compromised, local and systemic protective re-
actions of the body are activated [12-14].

It is known that when artificial material is placed
within the mouth, its surface quickly becomes colonized
by microorganisms [15]. In the presence of dentures, bac-
terial biofilm forms on their surface [16], which stimu-
lates local inflammatory processes, most commonly
manifested as erythema or hyperplasia, known as Den-
ture stomatitis [17].

Cawson noted that Candida spp. are isolated more
frequently in cases of denture stomatitis than in healthy
oral mucosa, and Candida albicans is the most commonly
isolated [18]. This is confirmed by numerous authors over
the years [19-21].

The digital revolution and rapid technological de-
velopment have led to the implementation of new mate-
rials and methods for the fabrication of dentures. As a re-
sult, the time required has been minimized, as have the
possibilities of operator error, and exceptional accuracy
is evident in some methods.

In recent years, additive manufacturing has quickly
become an alternative to conventional methods for the
fabrication of removable dentures.

Currently, conflicting opinions exist in the litera-
ture regarding the colonization of microorganisms and the
formation of biofilm on the surface of 3D printed den-
tures, as well as the long-term biocompatibility of the used
polymers. According to some authors, denture stomatitis
is a problem, even for printed dentures. Their studies show
that the colonization of C. albicans to 3D printed materi-
als is even higher than conventional heat-curing resins
[22-24].

Based on Arutyunov’s research, microbial adhesion
to the polymers used for printing dentures is lower, and
the risk of denture stomatitis is reduced [25].

Alternatively, Fiore found that there is no difference
in the microbial adhesion comparing polymers for 3D
printing, milling and heat-curing [26].

PURPOSE
This study aimed to investigate C. albicans adher-

ence to two types of denture base polymers: heat-cured
polymethylmethacrylate (PMMA) and 3D-printed. 

MATERIALS AND METHODS
The clinical study included 40 completely eden-

tulous patients. The exclusion criteria were:
• Systemic diseases (asthma, diabetes mellitus,

Sjogren’s syndrome, immunodeficiency states)
• Antibiotic use in the last 3 months
• Radiation and/or chemotherapy in the last 6

months
• Denture stomatitis
• Gingival or periodontal diseases

Patients were divided into two experimental
groups:

• First group (group A) – patients treated with con-
ventional full dentures in the upper and lower jaws
(n=20)(control group)

• Second group (group B) – patients treated with
3D printed full dentures in the upper and lower jaws (n=20)

Saliva collection (unstimulated) was performed in
special sterile containers. The patients were instructed not
to eat, smoke or rinse their mouths with antiseptic solu-
tions two hours before sample collection. The biological
material was transported to the laboratory in a special bag
at a temperature of 4°C.

Laboratory Methods:
All collected materials were plated on chromogenic

agar for isolation and identification of Candida spp. The
plated materials were cultured for 48 hours at a tempera-
ture of 35-37°C under aerobic conditions. Identification
of the isolated species Candida was performed using the
following methods:

• Direct identification – directly from the chromog-
enic environment. Indicative of Candida albicans is the
characteristic green color.

• For all other Candida species – inoculation onto
an individual slide for species identification and per-
forming spectrophotometric analysis using the VITEK
MS system.

The identified species Candida are reported as
CFU/ml (Colony forming units/ml). Quantities below 103

cfu/ml are considered normal, ≥103 <104cfu/ml – low,
≥10^4 <10^5 cfu/ml are considered moderate and quanti-
ties above è 10^5 cfu/ml are considered significant.

RESULTS
The results show that before the prosthetic treat-

ment, 50% (20/40) of the patients exhibited no presence
of Candida spp. in the saliva and on the oral mucosa.
Among the other patients, C. albicans was isolated from
25% (10/40), C. glabrata from 15% (6/40), C. tropicalis
from 5% (2/40) and C. inconspicua from 5% (2/40) (Fig.1).

Fig. 1. Qualitative distribution of Candida species.
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Of all patients included in the study, 50% (20/40)
were wearing old dentures, while the remaining 50% (20/
40) had never worn removable denture. Candida spp. were
isolated in saliva and on the mucosa in half (10/20) of

Before denture placement, a statistically significant
difference is observed between patients with and without
the presence of Candida spp. in saliva only in the con-
trol group (A) (p=0.0293). Without Candida spp. in the
saliva are 80% (16/20) of the patients in group A and 50%
(10/20) of group B. In 10% (2/20) of Group B, a normal
amount of Candida spp. is observed (<103 cfu/ml). In 10%
(2/20) of both groups, a low amount is found (≥103

<104cfu/ml). In 20% (4/20) of group B, a moderate
amount (≥10^4 <10^5 cfu/ml) is observed. In 10% (2/20)
of both groups, the quantity is significant (≥10^5).

After the first month, the absence of Candida spp.
in saliva was observed in 70% (14/20) of patients in
group A and 80% (16/20) of patients in group B. No sta-

the patients wearing old dentures. There was no statisti-
cally significant difference in the quantity of Candida spp.
between the patients with or without dentures (p<0.05).

tistically significant difference is found between the re-
sults before the treatment and after one month of wearing
the dentures (Fig. 2).

Three months after denture placement, the absence
of Candida spp. in saliva is observed in 60% (12/20) of
group A and 70% (14/20) of group B, again with no sta-
tistically significant difference between those results and
before the treatment. In group A, 20% (4/20) of patients
have a presence of Candida spp. in saliva, which is con-
sidered normal, 10% (2/20) have a low quantity, and 10%
(2/20) have a significant quantity. In group B, 20% (4/
20) of patients have a presence of Candida spp. in saliva,
which is within the normal range, and 10% (2/20) show a
moderate quantity. No significant difference is found be-
tween the two groups (p<0.05).

Fig. 2. The quantity of Candida spp. in the saliva.

Before the treatment in both groups, the presence
of Candida spp. on the oral mucosa was observed in
40% (8/20) of patients (Fig. 3). In the third month in
group A, there is a decrease and in 20% (4/20) a low
quantity of Candida spp. is isolated. There is also a de-

crease in group B, and in 10% (2/20) Candida spp. is
isolated in moderate quantity. However, there is no sta-
tistically significant difference between the results of
the two groups (p<0.05).

Table 1. The presence of Candida spp. in the saliva.

 
Normal

Low Moderate
SignificantNo Candida spp.

<10^3 cfu/ml
 ≥10^3 <10^4  ≥10^4 <10^5

≥10^5 cfu/mlcfu/ml cfu/ml

A B A B A B A B A B

Before 80% 50% 10% 10% 10% 10% 10%

treatment (16/20) (10/20)
0%

(2/20) (2/20) (2/20)
0% 20%

(2/20) (2/20)

1 month 70% 80% 10% 10% 10% 10% 10%

after treatment (14/20) (16/20)
0%

(2/20) (2/20)
0%

(2/20)
0%

(2/20) (2/20)

3 months 60% 70% 20% 20% 10% 10% 10%

after treatment (12/20) (14/20) (4/10) (4/20) (2/20)
0% 0%

(2/20) (2/20)
0%
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DISCUSSION
Considering the recent introduction of additive

technology and its implementation in the production of
complete dentures, there is a lack of clinical studies dem-
onstrating the biocompatibility of the materials. Explor-
ing the microbial adhesion to denture surfaces, saliva and
oral mucosa in patients treated with 3D printed dentures
aims to verify the biological tolerance of the used poly-
mers as well as to compare them with the conventional
heat-curing resins.

The results from our study validate the findings of
Fiore’s previous research [26] that the surface of 3D
printed denture is not colonized by more quantity Can-
dida spp. compared to conventional dentures made from
heat-curing resin. Also, the risk of denture stomatitis is
not higher compared to the other manufacturing methods.

Regarding the Candida spp. adhesion to denture
bases, the results show that on the heat-curing resin, only
10% (2/20) of a small quantity of Candida spp. is isolated
in the first and third month. On the surfaces of 3D printed
dentures, a significant quantity of Candida spp. is ob-

Fig. 3. Quantity of Candida spp. in the oral mucosa.

served in 10% (2/20) of the patients after 1 month, while
the quantity is moderate in the third month. Free of Can-
dida spp. are 90% of the denture surfaces in both groups,
signifying that the choice of material for removable com-
plete denture has minimal impact on colonization (Fig. 4).

Fig. 4. Quantity of Candida spp. on the denture surface.

However, there are conflicting opinions regarding
the biocompatibility of the polymers used for 3D print-
ing and whether the risk of denture stomatitis is higher
for patients treated with them in comparison with conven-
tional or milled dentures. According to some authors, the
colonization of Candida spp. tends to be greater on the
polymers utilized in 3D printing, owing to the additive
process and the layered composition of the denture base
and teeth. This encourages modification of the materials
and efforts aimed at formulating antibacterial polymers
suitable for additive technology.

According to Silva MDDD,  et al. [22], 3D printed
dentures are more susceptible to microbial colonization
due to the higher surface free energy of the polymers.
Osman RB, et al. [27] highlights that patients wearing
printed dentures are predisposed to denture stomatitis as-
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sociated with increased levels of Candida spp., empha-
sizing the importance of oral hygiene.

Arutyunov S, et al. [25] compared the microbial ad-
hesion to four types of resins – cold-cured, heat-cured,
milled and 3D printed, observing the lowest values in the
group of 3D printed samples. Fiore AD, et al. [26], in his
investigation on the colonization of S.mutans,
L.salivarius and C.albicans, found that the lowest values
were recorded on the 3D printed samples. However, there
was no statistically significant difference between all of
the groups.

Some authors note [19, 28] that the quantity of
C.albicans attached to the denture surface is significantly
higher than that found on the oral musca, which corre-
sponds with the findings we observed.

In terms of qualitative traits of the isolated species,
our findings indicate that C.albicans is detected in 50%
of the cases, followed by C.glabrata, C.tropicalis and
C.inconspicua. Herman P, et al. [29] extensively examines
oral candidiasis and its causative factors, confirming our
findings.

Mousa MA, et al. [30] also found that the most
commonly isolated species in patients wearing removable
dentures are C.albicans, followed by C.glabrata. They ob-
served that colonization on the denture surface begins
immediately after inserting the denture in the oral cavity,

with no significant difference in the quantity of Candida
spp. between the first and the second month, which aligns
with our results showing no significant difference between
the first and the third month post-treatment.

CONCLUSION
The conclusions from the conducted clinical study

are as follows:
• Colonization of Candida spp. on dentures fabri-

cated using additive technology is not higher than that
observed with conventional dentures made of heat-curing
resin.

• The manufacturing method does not affect the risk
of denture stomatitis in patients treated with removable
dentures

• There is no statistically significant difference in
the amount of Candida spp. colonizing the saliva, oral
mucosa and denture surfaces

• There is no statistically significant difference in
the amount of Candida spp. between the first and the third
month after the denture placement
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