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Objective: The control group consisted of 28 subjects applying the conventional denture management method and the experimental group consisted of 28 subjects applying the newly designed denture management method. Saliva was sampled
from both the control and experimental groups and then analyzed by real-time polymerase chain reaction to determine the
change in the kind and quantity of microorganisms in the oral cavity.
Methods: The interventional group was educated by simulation methods, using educational material on trainings for tooth
brushing and denture cleaning. The control group was provided only a brief description of general denture management
method.
Results: There was a quantitative change in pathogenic microorganisms over the three months period after the denture
implantation. Porphyromonas gingivalis (Pg), Treponema denticola (Td), and Prevotella nigrescens (Pn) were significantly decreased in the interventional group (p<0.05). In comparison, the control group exhibited significant increase in Pg,
Tannerella forsythia (Tf), Td, Fusobacterium nucleatum (Fn), Prevotella intermedia (Pi) and Pn (p<0.05). Three months after
denture in implantation Pg, Tf, Td, Fn, Pi, Pn, control group was significantly high than interventional group (p<0.05).
Conclusion: The results of this research represent that the denture management method has an important effect on quantitative changes of pathogenic microorganisms in the elderly. Therefore, it is important to inhibit the increase of pathogenic microorganisms by applying the newly designed denture management method. Furthermore, the newly designed denture management method would prevent oral diseases, including periodontal disease, by decreasing pathogenic microorganisms in
the oral cavity.
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Introduction
Worldwide, life expectancy has been increasing with the increase in the economic status of individuals. The proportion of
individuals aged >65 years was 10.9% in 2010 and 14.2% in
2017, and this proportion is expected to reach 20.8% by 2026
due to a substantial increase in the number of elderly individuals in society [1].
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According to the national dental survey conducted in 2012,
the average number of residual teeth was 18 in individuals
aged 65-74 years and 11.4 in those aged >75 years [2].
The decrease in the number of natural teeth in elderly individuals adversely impacts their masticatory function, resulting in an unbalanced nutrition intake [3].
Yang et al. [4] has reported that the activity with the greatest
pleasure for elderly individuals in their daily life is food
intake. Therefore, finding solutions to address the loss of teeth
among elderly individuals, such as providing dentures, should
be a priority. However, dentures can be relatively expensive,
and many elderly individuals cannot insert the denture or dental implant by themselves; thus, the Ministry of Health and
Welfare came up with a plan in 2012 for the coverage of dental
implant and denture fee in elderly individuals with dental insurance [5,6].
Poor hygiene maintenance of dentures causes the accumulation of dental plaque and calculus as well as food debris, resulting in gingivitis or oral infections [7]. Thus, prosthodontic
appliance care, including denture care, is important to prevent
periodontal disease, proximal caries, oral infection, or halitosis; these are caused by an increase in the number oral bacteria, which easily get accumulated on the rough surfaces of
prosthodontic appliances, such as removable or fixed partial
dentures, compared with those of the natural teeth [8].
In general, oral health education at dental clinics is provided in the form of simple introduction sheet given to patients
without considering their understanding levels. Moreover,
each dental clinic may offer different guide sheets, which have
been prepared without considering any medical- or dental science-based theory or clinical evidence. Therefore, patients experience confusion regarding prosthodontic appliance care.
Thus, a better oral health care program for ease of understanding and adapting has recently been designed; it comprises contents such as tooth brushing, denture cleaning, and
sanitary denture washing instructions for prosthodontic
patients.
An analysis method for detecting specific oral microorganisms has recently been developed due to the growing importance of considering the role of oral microorganisms and
the increasing use of real-time polymerase chain reaction
(PCR) at dental clinics for clinical applications [9]. A limited
number of comparative studies have been published on the
subject of the type and motility of different oral microorganisms determined using real-time PCR in denture wearing patients before and after denture use. This research thus
sought to compare the types and numbers of various oral microorganisms at denture delivery with those at 3 months later
between groups of patients who received traditional denture

hygiene care education and those who received a newly designed dental care program. Examinations were performed using real-time PCR to prove a better effect of the newly designed program among elderly denture wearing patients.

Materials and Methods
1. Subjects
Fifty-six volunteers aged >65 years who were new denture
wearers, with 11-18 residual teeth left, were selected during
November 2018 to April 2019 and divided into two groups: an
experimental group and a control group (n=28 each).
Examinations to determine the types and numbers of oral
microorganisms were performed for each participant at denture delivery and at 3 months later. Traditional oral health education on denture care was provided to the control group and
the newly designed program on denture care was administered
to the experimental group after denture delivery. The results
were compared between the two groups.
The G*power program version 3.1 was used to decide the
sample size, and a t-test was applied with an effect size of 0.8,
a significance level of 0.05, and a decision power of 0.8. The
estimated sample size was 26 for each group and 52 in total. In
total, 62 participants were initially included in this clinical
study; however, 56 (n=28 each group) participants were finally included. The study was performed after obtaining permission from the Institutional Review Board (IRB) at the
Yeungnam University (YU 2018-09-004-002).

2. Method
1) Study design
A denture care program was developed based on several
guide books on the subject of denture care and through discussions among three professors of a dental hygiene school
and two professional dental hygienists. The traditional educational on denture, washing the dentures with water, was provided to the control group, whereas the newly designed denture care program was administered to the experimental
group. Oral microorganism examination using real-time PCR
was performed using the saliva of participants immediately after partial denture delivery and at 3 months later to compare
the data on the types and numbers of oral microorganisms between the experimental and control groups.
2) Subject selection
Volunteers aged >65 years who were new partial denture
wearers at a dental clinic at Daegu city and had 11-18 residual
natural teeth were enrolled. Volunteers with disabilities, diawww.ijcpd.org
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betes, or exodontia or those who had received dental implants
were excluded.
3) Method
Group saliva sampling was performed using 10 ml of the
test gaggle solution (Deno Mix, Busan, Korea) for 10 seconds
of mouth rinsing in all subjects immediately after denture delivery, preceded by tooth brushing; samples were collected in
capped bottles and stored in a refrigerator, labeled with their

code number, to be delivered to the gene analysis test company Deno Mix (real time PCR). The samples were collected
again after 3 months, during which both groups followed their
respective methods of denture hygiene care, and sent for
testing.
4) Different denture hygiene care methods followed by the
experimental and control groups
Different denture hygiene care methods were used by the two

Table 1. Denture hygiene care method served to the experimental group and the control
Period
Before denture
delivery

After new denture
delivery

1 mo later
2 mo later
3 mo later

Experimental group

Control group

① Education
∙ Residual teeth: soft bristle toothbrush, rolling method of tooth-brushing
∙ Denture: denture brush, no dentifrice use SLS
② Simulation
: Practice for denture cleaning with the patient and dental hygienist
together by use of the dent form and the denture
③ Denture cleansing agent
: Polydent night, use the denture cleaner
∙ Denture: cleaner instruction manual
: Reading the instruction manual with patient and instructor together for
denture care education
④ Serve the denture care instruction to patient
⑤ Recall guide for inconvenience for denture
⑥ Use the denture brush and storage box
⑦ Salivary sampling for PCR
① The same education as before on first day
② Serve a denture cleansing agent
① The same education as before on first day
② Serve a denture cleansing agent
Salivary sampling for PCR

① Education
: traditional method for denture hygiene

② Recall guide for inconvenience for denture
③ Serve the traditional guide manual for
denture hygiene care
④ Use the denture brush and storage box
⑤ Salivary sampling for PCR

No need for dental visiting
No need for dental visiting
Salivary sampling for PCR

PCR: polymerase chain reaction.

Table 2. Oral microorganisms and their related diseases analyzed by real-time PCR
Classification
Red complex

Orange complex

Yellow complex

Microorganisms

Abbreviation

Related oral disease

Aggregatibacter actinomycemcomitans
Porphyromonas gingivalis
Tannerella forsythia
Treponema denticola
Fusobacterium nucleatum
Prevotella intermedia
Prevotella nigrescens
Streptococcus mitis
Streptococcus mutans
Streptococcus sobrinus
Lactobacillus casei

Aa
Pg
Tf
Td
Fn
Pi
Pn
Smi
Smu
Ss
Lc

Acute, invasive periodontitis, bone destruction
Acute, chronic periodontitis, gingivitis alveolar bone destruction
Chronic, irreversible periodontitis
Chronic periodontitis
Periodontitis, ANUG, acute apical abscess, malodor
Chronic hormonal periodontitis
Periodontitis, apical disease
Dental caries
Dental caries, periodontitis
Dental caries
Dental caries

Adopted from the article of Socransky et al. (J Clin Periodontol 1998;25:134-44) [10]. PCR: polymerase chain reaction.
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groups: traditional method was used by the control group and
the newly designed program by the experimental group. Both
the groups followed their respective methods for 3 months.
Samples for real-time PCR were collected again after 3 months
and delivered to the test company again for oral microorganism
examination using the gene analysis method (Table 1).
5) Real-time PCR
Socransky et al. [10] have classified oral microorganisms
on the basis of specific color of their complexes, i.e., green,
red, orange, yellow, purple and blue, according to the risk of
the disease. Furthermore, Martin et al. [11] have reported that
oral microorganisms with red, orange, and yellow complexes
would be related with causing gingivitis, alveolar bone destruction, periodontitis, oral malodor, and dental caries. Table
2 presents the results obtained using real-time PCR on the
types and numbers of oral microorganisms.
6) Real-time PCR protocol
The reaction mixture of PCR was responded for 5 minutes
at 50℃ and then reacted for 10 minutes at 94℃ for DNA

separation. Reaction responses were repeated 40 times in the
following manner: 20 seconds at 94℃, 30 seconds at 50℃,
and 30 seconds at 72℃.
7) Data analysis
IBM SPSS 25.0 software program (IBM Corp., Armonk,

Table 3. The general characteristics of subjects
Characteristic
Sex
Age (yr)

Daily frequency of tooth-brushing

ExperiControl
mental

Items
Male
Female
65-69
70-74
75-79
≥80
1
2
3

12
16
4
8
14
2
5
16
7
28

Total

9
19
6
12
10
0
3
15
10
28

Values are presented as number of the subjects.

Table 4. The comparison of the relative amounts of each oral microorganism between in experimental group and the control, for 3 months later

Microorganism

Aa
Pg
Tf
Td
Fn
Pi
Pn
Smi
Smu
Ss
Lc

Group

Compared relative
amounts of
microorganisms from the
denture delivery (1.00)

p-value 3 mo later

t-test (Exp./Cont.)

p-value (Exp./Cont.)

Exp.
Cont.
Exp.
Cont.
Exp.
Cont.
Exp.
Cont
Exp.
Cont.
Exp.
Cont.
Exp.
Cont.
Exp.
Cont.
Exp.
Cont.
Exp.
Cont.
Exp.
Cont.

1.72±0.22
0.61±0.78
1.47±0.53
0.92±0.81
1.38±0.50
0.47±0.64
1.25±0.45
0.80±0.81
1.23±0.48
0.73±0.87
1.59±0.41
0.6±0.75
1.3±0.45
0.69±0.91
1.00±0.51
0.90±0.61
1.12±0.45
1.13±1.28
1.24±0.93
1.24±0.93
1.35±0.80

0.133
0.025*
0.000**
0.617
0.001**
0.016*
0.017*
0.207
0.022*
0.236
0.000**
0.009**
0.003**
0.095
0.975
0.414
0.179
0.815
0.115
0.415
0.075

-

-

4.625

0.000**

2.362

0.022*

4.123

0.000**

2.368

0.022*

3.639

0.002**

4.182

0.000**

1.488

0.145

1.486

0.143

0.484

0.637

0.343

0.734

a

b

Values are presented as mean±standard deviation. Refer to Table 2 for the abbreviation of the microorganisms. Exp.: experimental, Cont.: control.
a
b
*p<0.05, **p<0.01. By paired t-test. By independent t-test.
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NY, USA) was used for data analysis. The numbers of the oral
microorganisms were estimated by assigning 10 points as the
standard score for the total amounts at denture delivery, and
these numbers at 3 months later were calculated as 10 times
those at denture delivery, along with adjusting the numbers
with constant log numbers, to use them for the statistical
analysis. The comparison between the relative numbers of oral microorganisms at denture delivery and 3 months later was
performed using paired t-test whereas independent t-test was
used for between-group comparisons.

Results
The experimental group comprised 12 males and 16 females and the control group comprised 9 males and 19
females. Age distribution in the experimental group was as
follows: 4 patients were aged 65-69 years, 8 were aged 70-74
years, 14 were aged 75-79 years, 2 were aged 70-74 years, 10
were aged 75-79 years, and 2 were aged >80 years; age distribution in the control group was as follows: 6 patients were
aged 65-69 years, 12 were aged 70-74 years, and 10 were aged
75-79 years. The average daily frequency of tooth brushing
was twice and was observed in patients of the experimental
group and 15 patients of the control group (Table 3).
The relative numbers of oral microorganisms classified as
red complex, orange complex, and yellow complexes are
shown in Table 4. The numbers were calculated using the estimation method of awarding 10 points to the microorganism at
denture delivery and then reviewing their relative numbers after 3 months compared with those at denture delivery and altering the values with the constant logarithm as needed. The
outcomes at baseline were compared with those at 3 months
using paired t-test for each group. The analysis revealed that at
3 months, there was a significant decrease in the numbers of
Porphyromonas gingivalis (Pg), Treponema denticola (Td),
and Prevotella nigrescens (Pn) in the experimental group
(p<0.05), whereas there was a significant increase in the numbers of Pg, Tannerella forsythia (Tf), Td, Fusobacterium nucleatum (Fn), Prevotella intermedia (Pi), and Pn in the control
group (p<0.05).
The relative numbers of oral microorganisms were estimated
by assigning 10 points to the numbers of microorganisms present
immediately after denture delivery. The relative numbers of the
oral microorganisms 3 months later were examined and compared between the experimental and control groups, with the values altered using constant logarithm as needed and compared
using independent t-test, as shown in Table 4. Significantly
higher numbers of Pg, Tf, Td, Fn, Pi, and Pn were observed in
the control group than in the experimental group (p<0.05).
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Discussion
Even though denture needs among the elderly have increased, satisfaction with denture wear remains optimal because of improper denture care due to ignorance regarding the
effective method of denture hygiene care or because of oral infection or inflammation due to denture trauma, resulting in patient dissatisfaction with dentures [12].
Moreover, denture wearers receive only a brief explanation
with the instruction sheet for denture care after denture delivery; thus they remain unaware of the importance of denture
hygiene care, possibly leading to increased risk of periodontal
disease or dental caries.
The present study was performed to emphasize the importance of good denture care by comparing changes in the
numbers and types of oral microorganisms between the experimental provided and administered a newly designed
groups at denture delivery and at 3 months later.
Socransky et al. [10] have reported that seven red complex
oral microorganisms related to periodontal disease are
Aggregatibacter actinomycemcomitans (Aa), Pg, Tf, Td, Fn,
Pi, Pn and four yellow complex oral microorganisms related to
dental caries are Streptococcus mitis (Smi), Streptococcus mutans (Smu), Streptococcus sobrinus (Ss), Lactobacillus casei
(Lc).
Regarding red complex oral microorganisms Aa, Pg, Td
and Td, Aa numbers were not different between two time
points of examination, but Pg and Td numbers were decreased
in the experimental group (p<0.05) and increased in the control group (p<0.05). Furthermore, Tf numbers did no change
significantly in the experimental group (p=0.05), whereas a
significant increase in the control group was observed regarding these (p<0.05).
On comparing the groups at 3 months after denture delivery, Pg, Tf, and Td numbers were higher in the control group
than in the experimental group (p<0.05), proving that the newly designed denture care program was effective and useful to
decrease the red complex microorganisms, which increased in
the control group using the traditional denture care methods.
Park et al. [13] have suggested that Aa and Pg are the representative oral microorganisms causing acute periodontal disease and alveolar bone destruction, and Byrne et al. [14] have
reported that endotoxins from Tf and Td can lead to chronic
periodontitis and irreversible periodontitis. Rahamat-Langendoen et al. [15] have reported that the main cause of Aa infection could be poor denture hygiene care and emphasized on
providing good denture hygiene care.
Fn, Pi, and Pn are orange complex oral microorganisms that
cause oral infections. Kim [16] has reported that Fn causes pe-
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riodontitis, gingivitis, and oral inflammation; Peck et al. [17]
have suggested that Pi and Pn possibly cause inflammation
and pulpitis. In the present study, there was no significant difference in the numbers of Fn and Pi in the experimental group
between the two time points of examination, whereas their
number significantly increased in the control group (p<0.05).
Moreover, Pn numbers decreased in the experimental group
but increased in the control group; the differences were significant in both groups (p<0.05). On further comparing the
two groups, it was found that Fn, Pi and Pn numbers were
higher in the control group than in the experimental group
(p<0.05) that the numbers of certain oral microorganisms increased even after following traditional denture hygiene care
methods; thus, the newly designed program is recommended.
No significant difference in the numbers of yellow complex
microorganisms Smi, Smu, and Ss were found between the
two examination time points (p>0.05). Smi, Sum, Ss, and Lc
may be associated with dental caries but not with periodontal
disease.
Oral microorganisms can cause not only oral infection but
also systemic diseases. Figuero et al. [18] have reported that
72% of capillary artery disease patients have infections caused
by Aa, 47% have infections caused by Pg, and 82% have infections caused by Tf, whereas Tan et al. [19] have reported
that Aa, Pg, Tf, and Td may cause chronic obstructive pulmonary disease, and Rahamat-Langendoen et al. [15] have suggested that Aa is related to the development of brain tumor and
endocarditis. Additionally, Koziel et al. [20] have suggested
involvement of Pg in arthritis, and Michaud et al. [21] have reported that Pg is related with the development of pancreatic
cancer. Moreover, Allen-Vercoe and Jobin [22] have suggested that Fn is related to the development of colorectal cancer, and Singhrao et al. [23] have reported that Pg, Tf, Td, Fn,
and Pi are associated with the onset of Alzheimer syndrome.
Zbinden et al. [24] have reported that Smi and Smu are associated with the occurrence of infectious endocarditis, whereas
Veiga-Malta et al. [25] have reported an association between
Ss and inhibitory immune response disease and between Lc
and gastric ulcer and gastritis. Considering these reports, it is
recommended to decrease the numbers of oral microorganisms to promote oral hygiene as well as to prevent systemic diseases among denture wearing patients.
This study was conducted to understand the difference in
the numbers of oral microorganisms according to the denture
hygiene care method applied. The number or oral microorganisms determined using real-time PCR were awarded 10
points as the estimation value for each type of oral microorganism immediately after denture delivery and the relative
amounts were checked at 3 months later to calculate the

change the values with the constant logarithm number. The results indicated that Pg, Tf, Td, Fn, Pi, and Pn numbers were
significantly lower in the experimental group than in the control group (p<0.05). It was concluded that the newly designed
denture hygiene care program used in this study is a better tool
than the traditional education method for new denture wearers
to decrease the numbers of oral microorganisms, improve oral
hygiene, and prevent systemic diseases.

Conclusion
This study was performed to elucidate the optimally effective denture hygiene care method by assessing the numbers of
oral microorganisms using PCR. Fifty-six patients aged >65
years who were new denture wearers and were seen at a clinic
in Daegu City from 2018 to 2019 were included. The participants were divided into two groups: experimental group that
received the newly designed denture care program, highlighting the need for tooth brushing, denture brushing, denture
cleaning, and good oral hygiene, and a control group that received a traditional instruction sheet. Real-time PCR, as a
gene analysis method, was performed following the collection
of participants’ saliva at denture delivery and at 3 months later
in order to determine the numbers of microorganisms, and the
numbers were compared between the two time points in the
two groups.
Ultimately, this study revealed a significant decrease in the
numbers of Pg, Td, and Pn in the experimental group after 3
months (p<0.05) and a significant increase in the numbers of
Pg, Tf, Td Fn, Pi, and Pn in the control group (p<0.05).
Moreover, higher numbers of oral microorganisms Pg, Tf, Td,
Fn, Pi, and Pn were found in the control group than in the experimental group 3 months after denture delivery (p<0.05).
Based on the study, it can be recommended that proper denture hygiene care should be stressed to decrease the numbers
of several oral microorganisms and the use of the newly designed denture hygiene program must be promoted. Control of
the numbers of oral microorganisms may help promote better
oral health and prevent systemic diseases.
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