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Microbial contamination of removable dental prosthesis at
different interval of usage: An in vitro study
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Abstract

Background: Loss of teeth affects the individual’s health. Many factors determine the need to wear a removable
dental prosthesis. Due to nature of design, age and lack of awareness, prosthesis often are neglected to
maintain in an aseptic condition leading to microbial contamination. This provided an impetus for the present
study with the aim of determining the microbial contamination of removable dental prosthesis.
Methodology: Total, 45 patients wearing removable dental prosthesis were randomly selected. Patients
were divided into three groups as per duration of usage since 1 month, 6 month and =1 year. Sterile
cotton swab moistened with phosphate buffer saline (PBS) was used to collect swab from the fitting areas
of prosthesis. Swab samples was inserted immediately into the sterile tube containing 1 ml of PBS solution,
10 ul PBS is inoculated on the blood agar and MacConkey agar plates using spread plate technique. Samples
were cultured and incubated at 37°C for 48 h. Calibrated microbiologist isolated, identified and counted
microorganisms using colony counter. Depending on the nature of data, statistical analysis was done
applying Kruskal-Wallis test, Mann—Whitney U-test and Chi-square test.

Result: Streptococcus species and Staphylococcus aureus were the common microorganisms isolated in all
three groups and was statistically significant at P < 0.05. Candida albicans, Diptheroid, Escherichia coli,
Micrococcus species were isolated from Group II and Group III.

Conclusion: There is a linear increase in microbial contamination of removable dental prosthesis as the
duration of usage increases and might increase the susceptibility of individuals’ to many diseases.
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INTRODUCTION

India had an approximately 7.7% geriatric population[l] and
estimated to increase considerably by the year 2025.1% Factors
associated with old age such as reduced salivary flow rate,
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impaired quality, and quantity, lowered immunity and impaired
host defense may aggravate the process of the degradation of
the oral tissues. In this regard, loss of teeth in the elderly is a

ma]or concern.
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Replacing missing tooth helps individual to chew, maintain
muscle tone, restore or improve the patient’s ability to speak
and pronounce words better, and give the patient self-esteem
to overcome the social stigma thus enabling individual to enjoy

the quality of life.

Though development of implant prosthesis has increased
recently, the demand for partial and full dentures is still very
high. For those who cannot afford fixed dentures due to very
small amount of teeth left, as well as for financial reasons, a
removable dental prosthesis remains the only viable solution.**
Complete denture and removable partial denture are the most
common dental prosthesis to replace the missing teeth among
many individuals. The removable dental prosthesis is dental
restorations that can be removed by the patient when not in
use. It has been reported that <50% and 13% of individuals
are wearing complete dentures and removable partial dentures."’
Care of dentures and the mucosal tissues of the edentulous
mouth are very important for overall health, especially among

older individuals.

The introduction of the removable prosthesis may change
the oral ecology either quantitatively or qualitatively, such
as increasing the total amount of oral microorganisms, or

increasing a certain part of the oral microflora.l”’

It has been observed that the majority of denture wearers do not
pay necessary attention to the cleanliness. This may be due to
decreasing manual abilities due to an advanced age, the nature
of design, lack of awareness, tmproper storage, and failure to
maintain asepsis of dental prosthesis that leads to the growth
of microbial agents and formation of biofilms, which are
reservoirs of infection.[]

Different studies have suggested that oral bacteria may be risk
factors for anumber of prevalent systemic diseases. Oral bacteria
have been implicated in bacterial endocarditis, aspiration
pneumonia, gastrointestinal infection and chronic obstructive
pulmonary disease, and dental prosthesis offers a reservoir for
microorganisms associated with these infections.[”] Lesions
of the oral mucosa associated with the wearing of removable
dentures may represent acute or chronic reactions to microbial
denture plaque, a reaction to constituents of the denture base
material, or a mechanical denture mjury. They include denture
stomatitis, angular cheilitis, traumatic ulcers; denture irritation
hyperplasia, flabby ridges, and oral carcinomas.® In addition,
there may be greater social consequences of mouth malodor
due to the unclean oral prosthesis.

Many studies have been conducted to understand the changes
in oral micro flora before and after insertion of the dental

-1 However, sparse literature is available to assess

prosthesis.!
the microbial contamination of removable prosthesis as per the
duration of usage.Thus, the aim of this study was to determine
microbial contamination of removable dental prosthesis with
the objective of assessing microbial contamination at different

interval of usage.
MATERIALS AND METHODS

Study design and setting

The present study is a randomized, three group parallel study
among 45 patients aged between 42 and 80 years wearing
removable dental prosthesis that fulfilled the following selection
criteria. Institutional Ethical Review Board approval was
obtained before the start of the study.

Selection criteria

Inclusion criterin

*  Patient using removable partial denture or complete
denture regularly.

Exclusion criterin
e Patients with systemic disease
*  Subjects who were prescribed antibiotics or other

medications from last 3 to 6 months.

Method of collection of data

Sample size

A sample of 45 patients wearing removable dental prosthesis
was included in the study, 14 were females, and 31 were males.
Thirty—four complete denture wearers and 14 removable partial
denture wearers were randomly selected.

Study procedure
Complete clinical history was taken, and intraoral examination
was performed. Individuals with medications and eliciting

subjective symptoms of any systemic/oral disease were

excluded.

Randomization

Patients having similar criteria with respect to the period of

usage of the removable dental prosthesis were divided into three

different groups with 15 subjects in each group.

*  Group I: Patient using removable dental prosthesis since
I month

*  Group II: Patient using removable dental prosthesis since
6 month

*  Group III: Patient using removable dental prosthesis more
than 1 year.

Examination procedure
While collecting samples strict aseptic measures were
followed, swab method was employed to collect the samples
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by the principal investigator (VIN). Sterile cotton-tip swab
moisten with phosphate buffer saline (PBS) was rubbed on
the fitting surface of dental prosthesis to obtain the samples,
swab samples was inserted immediately in the sterile tube
containing I ml of PBS solution"? 0.85% maintained at
pH - 7-7.2, stored at room temperature as the transport
media and sent to microbiology Iaboratory within 2 h for
microbiological analysis at Department of Microbiology
at ACPM Medical College and Hospital, Dhule District,
Mabharashtra, India.

The collected swab sample was manually shaken vigorously
to facilitate the equal dispersion of microorganisms; then
this PBS was inoculated onto the blood agar and MacConkey
agar plates using spread piate technique. Inoculation in this
technique is done using a bent glass rod (spreader), 0.I ml
of PBS is placed in the center of the plate using a sterile
pipette. The glass rod is sterilized by first dipping it into a
70% alcohol solution and then passing it quickly through the
Bunsen burner flame. When all the alcohol has burned off,
and the rod has air-cooled, the spreader is placed in contact
with the inoculum on the surface of the plate and positioned
to allow the inoculum to run evenly along the length of the
spreader. Even pressure is applied to the spreader, and the
plate is spun, by hand."*

The culture plates were incubated for 48 h at 37°C and
observed for microbial growth‘ Smear from the colonies was
prepared and stained by Gram’s stain.

Identification of Mmicroorganisms was done by biochemical
tests such as coagulase, catalase, oxidase, sugar fermentation
with acid and gas production (triple sugar iron), methyl red
test, Voges—Proskaure test, test for indole production, H2S
production, citrate utilization, and urease test, germ tube test were

performed from isolated Candida colonies to confirm C., albicans.

Microorganisms’ were identified and counted by calibrated
microbiologist using colony counter. The data were tabulated

as CFU/ul.

Statistical analysis

Categorical variables were reported using number and
percentages [ Table 1]. Differences in continuous and categorical
variables between two groups of patients were assessed by Mann—
Whitney U-test and Chi—square test, respectively [Table 2].
Differences in continuous variables between three groups
were assessed using Kruskal—Wallis test. Continuous variables
were reported using median and inter-quartile range [ Table 3].
Statistical Package of Social Sciences version 17.0. software
(SPSS, Chicago). All the analyses were considered statistically
significant at 5% level (P < 0.05).

Table 1: Percentage distribution of different microorganisms’
isolated from number of individuals at regular interval usage
of removable dental prosthesis

Microbial contamination Number of patients (%)

Group |  Group Il Group Il
(1 month) (6 months) (>1 year)

Streptococcus species 6 (40) 8(53.3) 11(73.3)
Coagulase negative Staphylococcus 1 (6.7) 2 (13.3) 3(20.0)
Staphylococcus aureus 4(26.7) 7 (46.7) 10 (66.7)
Candida albicans 0 3(20.0) 5(33.3)
Klebsiella pneumonia 1(6.7) 2 (13.3) 4(26.7)
Diptheroids 0 1(6.7)  5(33.3)
Escherichia coli 0 1(6.7) 2 (13.3)
Micrococcus species 0 1(6.7) 2 (13.3)
Lactobacillus species 0 0 1(6.7)
Enterococcus 0 0 1(6.7)
Pseudomonas aeruginosa 0 0 1(6.7)
Table 2: Intergroup comparison between different
microorganisms according to its presence
Microbial contamination Group| Group!| Groupll

versus versus versus

Group Il Group Il Group Il
Streptococcus species 0.46* 0.065* 0.256*
Coagulase negative Staphylococcus 1.00* 0.598* 1.00*
Staphylococcus aureus 0.256* 0.028* 0.269*
Candida albicans 0.224¥ 0.050¥ 0.682*
Klebsiella pneumonia 1.00* 0.330* 0.651*
Diptheroids 1.00¥ 0.050¢ 0.169*
Escherichia coli 1.00¥ 0.464¥ 1.00*
Micrococcus species 1.00¥ 0.464¥ 1.00*
Lactobacillus species 1.00¥ 1.00¥
Enterococcus 1.00¥ 1.00¥
Pseudomonas aeruginosa 1.00¥ 1.00¥

P<0.05 — Significant. *Fisher’s exact test, *Continuity correction,
*Pearson Chi-square

Table 3: Intergroup comparisons between Streptococcus species

and Staphylococcus aureus according to its colony count

Other P

groups

180 (157.5, 238.7) 0.002* Group Il 0.001**
Group Il 0.003**

Microorganism Groups Median (Q1, Q3) P

Streptococcus  Group |
species

Group Il 460 (400, 527.5) Group | 0.001**
Group Il 0.901**
Group Il 480 (350, 540) Group | 0.003**

Group Il 0.901**
265 (117.5, 312.5) 0.001* Group Il 0.005**
Group Il 0.001**

Staphylococcus Group |
aureus

Group Il 480 (420, 510) Group | 0.005**
Group Il 0.343**
Group Il 600 (430, 610) Group | 0.001**

Group Il 0.343**
P<0.05 — Significant. *Kruskal-Wallis test, ** Mann—-Whitney U-test

RESULTS

The present study revealed there was an increase in the microbial
contamination as the duration of usage increased. A higher
density of all the other isolated organisms was seen among

individuals using dental prosthesis more than [ year as compared
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to other groups [ Table 1]. The presence of microorganisms also

increased as the duration of usage increased which was not

statistically significant (P > 0.05) [Table 2].

There was statistically significant difference only between
Group I and Group III with respect to Staphylococcus aureus
(P=0.028) [ Table 2]. Streptococcus species and S. aureus showed
the highest positive culture among the isolated MiCroorganisms
in all three groups, and the colony counts were statisticaﬂy

significant between all three groups [ Table 3 and Graph 1.

C. albicans, Escherichia coli, Diptheroids, Micrococcus was
absent in I month of usage but found increasing after 6 month
and I year of usage [Table I]. Klebsiella pneumonia and
coagulase negative Staphylococcus showed presence in all groups
as the duration of usage increased but was not statisticaﬂy
signiﬁcant (P > 0.05) [Table 2]. Lactobacillus species,
Pseudomonas aeruginosa and Enterococcus was mostly recovered
from individuals using dental prosthesis >1 year [Table 1.

DISCUSSION

Aftordability, accessibility, acceptability, and increased awareness
have contributed toward a high percentage of individuals opting
to replace the missing natural tooth by various methods. Due
to the nature of design and to give rest to the supporting hard
and soft tissue it is advised to remove the removable dental
prosthesis during the night and when not in use. The liner
materials such as cold cured acrylic, polyvinyl siloxanes, or
acrylics containing plasticizers are used to construct for the
removable dental prosthesis. These are much more porous than
heat cured acrylics leading to contamination and if overlooked
can cause many ill effects.!"* Thus, investigating their microbial
contamination is important and justifiable.

The aim of the current study was to assess and identify the

microbial contamination of removable dental prosthesis and
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Graph 1: Percentage distribution of microbial growth between three
different groups

compare the presence of microorganisms that are able to
survive on the dental prosthesis at different interval of usage.
The results of this study revealed that microbial contamination
does occur in the removable dental prosthesis as the duration
of usage increased. The cultivable flora of the removable
dental prosthesis showed a complex bacterial community.
Microbial contamination consisted of normal oral flora along
with both pathogenic and opportunistic microorganisms
when examined, including a wide range of Gram-negative
bacteria, Gram-positive bacteria, and fungi. This confirms
the possibility of microbial contamination and removable

dental prosthesis act as reservoirs that harbor a mixed species
of bacterial bio film.[**!

Several studies have been conducted to determine the change n
the oral micro flora of individuals wearing a removable dental

S-1215.10] However, very few literature are available

prosthesis.!
on microbial contamination of removable dental prosthesis at
different interval of usage. In the present study, Streprococcus
species and S. aureus were the common and highest
MICroorganisms isolated in all three groups. The proportions
of S. aureus and Streptococcus species contamination also
increased as the duration of usage increased, perhaps age and
denture wear might have contributed as seen in earlier studies."'”’
This observation is similar with previous studies on the salivary
flora of edentulous and dentate person''®"”! and the denture

plaque of edentulous individuals.’"!

The presence of species often associated with caries such as
Lactobacillus species was found in Group III among patients
wearing a removable partial denture. Lactobacillus represents
0.1% of the total salivary flora, a critical concentration of 10°
CFU/ml of saliva is necessary for the detection of lactobacilli
on the surface of enamel.?" This might be the reason for
isolation of Lactobacillus species in this study.

In the present study C. albicans also showed presence as the
duration of usage increased. C. albicans were isolated from
dental prosthesis wearing more than 6 months in comparison
with I month of usage. Denture stomatitis is known as the
most common oral disorder and is reported in about 67% of
complete denture wearers resulting from the attachment and
colonization of Candida on the hard surfaces of the denture
with poor maintenance."*"*! Other studies have shown Candida
incorporation into biofilms covering different biomaterials
such as dentures: These biofilms may be an increased risk
factor for invasive candidiasis when the host immune system

is compromised.**’

Interestingly, co-aggregation studies have shown that C. albicans
colonization can be aided by primary colonizers such as
Streptococcus species.mi The denture especially denture base
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acrylic resin 1s easily colonized by oral endogenous bacteria
and Candida species and eventually by extra-oral species
such as Staphylococcus species. This microbial reservoir can
be responsible for denture-related stomatitis and aspiration
pneumonia, a life-threatening infection; especially in geriatric
patients.*) Improper maintenance and long duration usage
of removable dental prosthesis rnight also be responsible for
C. albicans isolation in our study.

In our study, we isolated Enterococcus only from the third
group in which duration of usage is > 1 year. Studies have shown
their isolation increased markedly as individuals became more
debilitated and hospitalized,**! whereas in our study subjects
were healthy, and lived relatively independent lives. This calls

the need to understand the exact reason in future studies.

Few potential respiratory pathogens were also isolated from
dental prosthesis including, K. pneumonia and Pseudomonas
aeuroginosa.**) The patient’s hands could be considered as a
possible vector in isolation of E. coli that is known to cause
diarrhea, urinary tract infections, septicemia.[%l This might
be due to unhygienic air environment at home and use of
contaminated water used to store dental prosthesis. Diptheroids
were isolated from the second and third group after 6 months of
usage. Probably dental prosthesis stored outside the oral cavity
acts as a nidus for air contamination with respect to Diptheroids
that calls for the attention of aseptic storage of prosthesis.*”!

Anaerobic organisms require the anaerobic environment to grow
and survive, however due to the design of the prosthesis 1t 18
exposed to an aerobic environment quite frequently hence we
overlooked the possible microbial contamination of anaerobic
microorganisms and didn't test for the same which is an inherent
limitation of this study.[Zgl

Thus, in conjunction with other factors, such as denture’s
hygiene, surface roughness, design and type of metal used in
the prosthesis and age,:”l reduction in salivary flow rate could
be considered as a significant reason in the change in the oral
flora contributing for microbial contamination of prosthesis.”*”’
A considerable number of patients use a dental prosthesis for
a whole day,*"! prolonged usage of the same dental prosthesis
for several years as well as the low frequency of cleaning,*"**
furthers the occurrence of denture stomatitis. The greatest
percentage of patients cleaned their dentures using a toothbrush
with toothpaste,*!! which is not recommended due to the
chances of micro-abrasions.””) Increased surface roughness and
complicated topography shows higher affinity to microbes than
smoother surfaces and subsequently increased the difﬁculty in

complete removal of the biofilm by mechanical cleansing.m‘%l

Furthermore, the crevices created by the roughness generate
shelters for the bacteria, so they have time for securing their
attachment to the pellicle.

In this study certain individuals, with the presence of oral
lesions could have altered the integrity of the host defense and
disturbed the stability of the resident oral microflora leading
to the increased likelihood of colonization by potentially
pathogenic species resulting in the microbial contamination

Of removable dental PI.‘OStl’leSlS.

Limitations of the study

Off late, digital colony counter are available to determine the
colony forming units that might give an accurate number of
colony counts. In the present study, colony counting was done
using manual colony counter due to the feasibility. Hence
exact microbial load might not have been estimated. However,
the study gives an insight of possible count of microbial
contamination as the duration of usage increases.

The present study, only healthy volunteers free of oral and
systemic diseases were selected. However, the effect of systemic
disease on microbial contamination of dental prosthesis
remained unknown. Further studies have to be conducted
to assess the microbial contamination of dental prosthesis
on debilitated individuals to know the pathogenicity of
microorganisms and to evaluate the occurrence of any infection
in the subjects following the use of a contaminated prosthesis.

Age and gender might play a role in microbial contamination of
dental prosthesis. However, age of the individuals and gender
were not considered in the present study. The oral hygiene
practice of each individuals was not noted which need to be
considered in further studies.

CONCLUSION

Thus, the study proved that there is a linear increase in
microbial contamination as the duration of usage increased.
These changes may persist and could result in plaque formation
with considerable pathogenic MICrOOrganisms in denture users.
This contaminated prosthesis may affect oral health adversely.
Thus, it is imperative that factors such as the effect of microbial
contamination of dental prosthesis are investigated and
evaluated. This is to assure and maintain a healthy oral function
and environment. Clinically, one should attempt to monitor
such changes. The dentures of even healthy individuals must be
considered as possible sources of pathogenic MICroorganisms.
Regular denture maintenance and decontamination should
be done to prevent and control microbial contamination of
removable dental prosthesis.
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Recommendation

During the fabrication of the dentures and removable dental
prosthesis, dentists should strive to reduce surface roughness,
select a design that will minimize tissue injury and implement
a strict oral hygiene regimen. An effective denture hygiene and
decontamination is recommended to control denture microbial
biofilm to overcome associated oral and systemic diseases.
The prosthesis should always be stored and maintained in a
hygienic environment. It is recommended that patients should
be educated with regards to prosthesis hygiene and regular
follow-ups.
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