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Introduction
Developing oral health-related policy is a global issue as 
oral diseases are a risk factor for various diseases. Peri-
odontal disease has been reported to increase the risk of 
diabetes mellitus and cardiovascular disease [1, 2]. Tooth 
loss has been also indicated to be related to a reduced 
quality of life with several diseases and an increased risk 
of death with the poor nutritional status due to mastica-
tory dysfunction [3, 4]. Proper oral care is thus necessary 
to prevent oral diseases.

It is usable to prevent periodontal disease and dental 
caries in daily life by removing mechanical and chemical 
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Abstract
Background Tooth loss can lead to an increased risk of physical disease and a reduced quality of life. The current 
study investigated the association of the use of interdental cleaning devices with oral health outcomes such as tooth 
loss among employees as a healthier population.

Method Tooth loss was determined as the main outcome in 2017 in a company employee population (n = 845, 
average age = 47.76 years old, and 25.09% of female). Using the data of dental health examinations in the past 
5-years from 2017, the years of use of interdental brushes (IDB) and dental floss (DF) were examined. The Community 
Periodontal Index (CPI) as of 5-years ago was also examined. The impact of years of use of IDB and DF on tooth loss 
was analyzed by a logistic regression model in stratifying the subjects into two groups by the maximum CPI (0–2 of 
CPI [< 4 mm] and 3–4 of CPI [≥ 4 mm]) in all periodontium.

Results In the group of maximum CPI < 3, a multivariate-adjusted odds ratio of the use of DF for 4–5 years on tooth 
loss was 0.42 versus for 0–1 year (reference). In the group of maximum CPI ≥ 3, the multivariate-adjusted odds ratio of 
the use of IDB for 4–5 years was 0.38 versus for 0–1 year (reference).

Conclusion A longer-term use of interdental cleaning devices could improve oral health outcomes in this 
population, while the impact could differ depending on the basis of periodontal status. These findings would be 
useful for making strategies for oral health promotion in healthier people as employees.
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biofilm [5]. Mechanical biofilm removal can be achieved 
by brushing and using interdental cleaning devices 
(ICDs) [5]. Recently, administration of probiotics such 
as L. rhamnosus and L. plantarum is also possible way 
to inhibit the growth and activity of periodontal and car-
iogenic pathogens [6]. A toothbrush alone is not always 
thought to be enough to remove dental plaque from the 
adjacent surfaces of teeth; ICDs are then required [7]. In 
the situation, anti-biofilm methodologies are of concern 
with a particular focus on using ICDs.

Some clinical studies have shown that using ICDs in 
addition to toothbrushing improves oral hygiene and 
reduces the incidence of periodontal disease and dental 
caries [8, 9]. In general, ICDs include interdental brushes 
(IDB) and dental floss (DF) [9]. A previous review paper 
showed that IDB and DF could reduce the occurrence 
of gingivitis, while the effectiveness of IDB was greater 
relative to that of DF [10]. However, it is noted that the 
previous reports reviewed were evaluated as having a rel-
atively insufficient evidence due to the study limitations 
such as being conducted in short-term periods and/or 
clinical patient-limited settings.

Research in longer-term observation periods and/or 
healthier people is necessary to see the impact of oral 
care using ICDs on oral health outcomes for a widely 
available policy. As avoiding tooth loss is important in 
preventing chewing disorders and physical disease [3, 4, 
11], applying such outcomes as tooth loss to research is 
required. Therefore, the current study aimed to investi-
gate the association of the use of IDB and DF with tooth 
loss among employees as a healthier population.

Methods
Data sources and population
In the current study, available was the dataset that was 
previously recorded in dental health examinations for 
employees of a company in Japan. Basically, all employees 
participated annually in the examinations. The exami-
nation sites were set up at the office of company. The 
examinations were conducted using Komatsu Ltd.‘s den-
tal folding chairs with headrest, backrest, and footrest. 
The headlights made by Tokyo Metal Industry Ltd. was 
utilized in the examinations. Each subject was examined 
in a horizontal fixed position under ample light, ensur-
ing a thorough examination. The dentist performed the 
dental examination, and the trained hygienist performed 
the periodontal examination, which ensured the inter-
examiner reliability in the involvement of professionals.

The dataset was established in 2017 among the com-
pany employees (n = 845, average age = 47.76 years old, 
and 25.09% of female) who received the dental health 
examinations in the past 5-years. The subjects who 
had the number of teeth < 4 were beforehand excluded. 
The variables by questionnaires such as age, sex, and 

smoking habits, as well as the examined variable as the 
Decayed, Missing and Filled teeth index (called DMFT 
index; described later [12]) were used based on the data 
in 2017. To see a basis of periodontal status, the exam-
ined variable as the Community Periodontal Index (CPI; 
described later [13]) as of 5-years ago was used. In addi-
tion to the years of dental visits and the average fre-
quency of toothbrushing per day, the years of use of IDB 
and DF were obtained from the data by questionnaires in 
the past 5-years from 2017. To estimate the impact of the 
number of years of using IDB and DF on outcomes, the 
cross-sectional design that can consider the prior contin-
uous years of oral health behaviors was applicable to the 
current study.

The Research Ethics Committee at Jichi Medical Uni-
versity approved this study. In cases of the studies using 
the data that were previously collected and anonymously 
treated, the informed consent was given in an opt-out 
manner according to the ethical guidelines of “Ethical 
Guidelines for Medical and Health Research Involving 
Human Subjects” in the Japanese Ministry of Health, 
Labor, and Welfare. In this manner, the study’s content 
was released on the company’s bulletin, and it allowed 
the subjects to refuse if they didn’t want the use of their 
data.

Outcome
Missing teeth is the sum of healthy, treated, and 
untreated teeth, excluding wisdom teeth, and then tooth 
loss is recognized as the most important oral health out-
come [3, 4, 11]. Thus, the main outcome was tooth loss 
in the current study. The loss was determined in 2017. It 
was defined as the presence of at least one tooth in the 
examinations in the past 5-years.

As the periodontal status can causatively affect that 
outcome, we stratified subjects into two groups by maxi-
mum CPI in all periodontium as of 5-years ago; 0–2 
(the depth of periodontal pockets < 4 mm) and 3–4 (the 
depth of periodontal pockets ≥ 4 mm) [13]. The CPI was 
measured using a WHO (CPITN) probe, and maximum 
buccal and palatal/lingual values were recorded for each 
tooth according to WHO Oral Health Survey 4th edition 
criteria [13]. The CPI probe measured the depth of peri-
odontal pockets; then, the CPI was examined in 56 areas 
on both sides of all teeth.

Independent variables and confounding factors
As independent variables, we used the years of use of IDB 
and DF. The subjects were checked up in the response to 
the question “did you use IDB and DF?” in the question-
naire for each year. The confounding factors were age, 
sex, smoking habits, the DMFT index, the years of den-
tal visits, and the average frequency of toothbrushing per 
day. The DMFT index refers to untreated carious teeth 
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(D: carious teeth), missing teeth due to caries or other 
reasons (M: missing teeth), and treated teeth (F: filled 
teeth) [12]. That index uses the number of previously 
carious teeth to indicate oral deterioration related to car-
ies, and diagnostic criteria are based on the WHO Oral 
Health Survey 5th edition [12]. In response to the ques-
tion “did you visit the dentist within a year?” in the ques-
tionnaire, the year of dental visits was determined based 
on the answers of either “visited” or “currently visiting” 
clinics. The average frequency of toothbrushing per day 
was determined by averaging the responses to the ques-
tion “how often do you brush your teeth every day?“. We 
set these variables as confounding factors because the 
likelihood of an incidence depends on the oral condition 
[14], which is worsened by smoking [15] and improved by 
toothbrushing [16].

Statistical analysis
Differences between two groups were analysed by Inde-
pendent-samples t-test or Pearson’s chi-square test. We 
analyzed the association of use of IDB and DF with tooth 
loss by a logistic regression model. We classified the years 
of use of IDB and DF into three categories (0–1 year, 2–3 
years, and 4–5 years). A multivariate-adjusted logistic 
regression model with all confounding factors was per-
formed. All data were analyzed using the software of 
SPSS Version 25.0 (IBM Inc. Tokyo, Japan). P values of 
< 0.05 were considered to indicate statistical significance.

The sample size was calculated using G*Power soft-
ware with a two-sided alpha level of 0.05 and the power 
of 80%. When an event rate of 0.2 and an expected odds 

ratio of 0.5 were assumed with reference to the previous 
study [17], the total sample size required was estimated 
to be at least 526.

Results
The demographic characteristics of subjects are pre-
sented in Table 1. In two groups by the periodontal sta-
tus, the group of max CPI ≥ 3 showed a higher age, lower 
percentage of females, higher DMFT index, higher per-
centage of smokers, and more years of dental visits com-
pared to the group of max CPI < 3. The high percentage 
of subjects used IDB for 4–5 years in the group of max 
CPI ≥ 3 compared to the group of max CPI < 3. The high 
percentage of subjects used DF for 4–5 year in the group 
with max CPI < 3 compared to the group of CPI ≥ 3. The 
number of subjects with tooth loss was 122, and the aver-
age number of tooth loss was 0.27 in all subjects; that 
was 56 (28.00%) in the group of max CPI ≥ 3, which was 
significantly higher than 66 (10.23%) in the group of max 
CPI < 3.

Table 2 shows the results of a logistic regression model 
analysis for tooth loss. In the group of max CPI < 3, a 
higher DMFT index was associated with tooth loss. The 
crude odds ratio of the use of DF for 4–5 years on tooth 
loss to its use for 0–1 year (reference) was 0.39 (95% CI 
0.21–0.75), and the adjusted odds ratio was 0.42 (95% CI 
0.21–0.83). The crude odds ratio of the use of IDB for 4–5 
years on tooth loss to its use for 0–1 year (reference) was 
2.88, but the adjusted odds ratio lost the significance. In 
the group of max CPI ≥ 3, a higher DMFT index was asso-
ciated with tooth loss. The crude odds ratio of the use of 

Table 1 Demographic characteristics of subjects
Variables All

(n = 845)
Group of max CPI < 3 (n = 645) Group of max CPI ≥ 3 (n = 200) P value

Age (years) 47.76 ±
8.94

46.47 ±
8.92

51.94 ±
7.68

< 0.01 a

Female (n [%]) 212 (25.09%) 186 (28.84%) 26 (13.00%) < 0.01 b

DMFT index 13.18 ±
6.15

12.62 ±
6.13

14.99 ±
5.86

< 0.01 a

Smoking habit (n [%]) 217 (25.68%) 145 (22.48%) 72 (36.00%) < 0.01 b

Dental visits (years) 1 3.17 ±
1.67

3.02 ±
1.68

3.65 ±
1.56

< 0.01 a

Toothbrushing frequency/day 2 2.39 ±
0.75

2.42 ±
0.75

2.28 ±
0.74

0.02 a

Years of IDB use (n [%]) 3 0–1 year 266 (31.48%) 224 (34.73%) 42 (21.00%) < 0.01 b

2–3 years 145 (17.16%) 114 (17.67%) 31 (15.50%)
4–5 years 434 (51.36%) 307 (47.60%) 127 (63.50%)

Years of DF use (n [%]) 4 0–1 year 400 (47.34%) 279 (43.26%) 121 (60.50%) < 0.01 b

2–3 years 154 (18.22%) 120 (18.60%) 34 (17.00%)
4–5 years 291 (34.44%) 246 (38.14%) 45 (22.50%)

Number of subjects with lost teeth 5 122 (14.44%) 66 (10.23%) 56 (28.00%) < 0.01 b

CPI, Community Periodontal Index; DMFT, Decayed, Missing and Filled Teeth; IDB, interdental brushes; DF, dental floss
1–5 These variables are determined as numbers of years from the data in the past 5-years
a Independent-samples t-test. b Pearson’s chi-square test
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IDB for 4–5 years on tooth loss to its use for 0–1 year 
(reference) was 0.67 (95% CI 0.32–1.44), and the adjusted 
odds ratio was 0.38 (95% CI 0.15–0.95).

Discussion
This study revealed that a longer-term use of ICDs could 
reduce the risk of tooth loss in the employee population. 
We further found that the effect of ICDs types on tooth 
loss could also differ depending on the basis of periodon-
tal status; that is, the use of DF in the max CPI < 3 and 
the use of IDB in the max CPI ≥ 3 could reduce the risk of 
tooth loss. Of note, this study population was company 
workers (average age = 47.76 years old) and had a low 
number of tooth loss in the past 5 years (average = 0.27) 
in comparison to the population in a clinical study [17], 
supporting evidence that this study population was 
healthier in comparison to diseased patients. Further-
more, given the fact that tooth loss is a health threat and 
preventable condition [3, 4, 11], the study findings will 
have an implication to assist oral health promotion using 
ICDs even to the healthier population.

The preventive effect of long-term, continuous use 
of ICDs on tooth loss, as shown in the current study, is 
explainable by the general knowledge as follows: because 

the plaque on adjacent surfaces of teeth and the cervical 
areas is often difficult to treat with a toothbrush alone, 
cleaning of such interdental areas using ICDs can inhibit 
the development of adjacent and root surface caries [7, 
18]. As the caries chronically progresses [11, 18], the 
long-term use of ICDs, in addition to toothbrushing, 
might be effective to prevent tooth loss.

Furthermore, the different impact of use of IDB and 
DF on tooth loss on the basis of max CPI is of interest. 
The max CPI is related to the demographic characteris-
tics including oral health behaviors [12–16] and this was 
also observed in Table 1. Even though we adjusted such 
demographic characteristics, the impact of use of IDB 
and DF on tooth loss remained. Particularly, in the group 
of max CPI < 3, the longer-term use of DF, rather than 
IDB, reduced the risk of tooth loss. The effective removal 
of plaque from the narrow spaces (interdental spaces and 
cervical areas) as in case of the max CPI < 3 is reported 
to be difficult for IDB [19], and DF may be more suitable 
in such a plaque care. On the other hand, in the group of 
max CPI ≥ 3, the longer-term use of IDB, rather than DF, 
reduced the risk of tooth loss. While periodontal disease 
(a risk factor of tooth loss) is presumable to be advanced 
as in case of the max CPI ≥ 3, the use of IDB is reported 

Table 2 Association of each variable with the presence of tooth loss by max CPI
Variables Crude ‘odds ratio 95% CI P value Adjusted odds ratio 95% CI P value
Group of max CPI < 3
Years of IDB use 1 0–1 year reference reference

2–3 years 1.89 (0.81 - 4.42) 0.14 1.44 (0.59 -3.47) 0.42
4–5 years 2.88 (1.48 -5.59) < 0.01 1.73 (0.82 -3.64) 0.15

Years of DF use 2 0–1 year reference reference
2–3 years 0.93 (0.49 -1.78) 0.84 0.98 (0.50 -1.92) 0.95
4–5 years 0.39 (0.21 -0.75) < 0.01 0.42 (0.21 -0.83) 0.01

Age (years) - 1.02 (0.99 -1.07) 0.23
Female sex - 0.92 (0.47 -1.82) 0.82
DMFT index - 1.08 (1.02 -1.13) < 0.01
Smoking habit (presence) - 1.43 (0.77 -2.68) 0.26
Years of dental visits 3 - 1.13 (0.94 -1.35) 0.19
Toothbrushing frequency/day 4 - 1.07 (0.73 -1.58) 0.72
Group of max CPI ≥ 3
Years of IDB use 1 0–1 year reference reference

2–3 years 0.95 (0.35 -2.56) 0.92 0.74 (0.24 -2.24) 0.59
4–5 years 0.67 (0.32 -1.44) 0.31 0.38 (0.15 -0.95) 0.04

Years of DF use 2 0–1 year reference reference
2–3 years 0.85 (0.36 -2.00) 0.71 0.83 (0.32 -2.17) 0.70
4–5 years 0.76 (0.35 -1.67) 0.50 1.00 (0.41 -2.46) 0.99

Age (years) - 1.03 (0.98 -1.08) 0.27
Female sex - 1.13 (0.39 -3.24) 0.82
DMFT index - 1.12 (1.04 -1.19) < 0.01
Smoking habit (presence) - 1.06 (0.50 -2.26) 0.87
Years of dental visits 3 - 1.39 (1.05 -1.86) 0.02
Toothbrushing frequency/day 4 - 0.80 (0.48 -1.33) 0.39
CPI, Community Periodontal Index; DMFT, Decayed, Missing and Filled Teeth; IDB, interdental brushes; DF, dental floss; CI, confidence interval
1–4 Variables are determined as numbers of years from the data in the past 5-years



Page 5 of 6Nakao et al. BMC Oral Health         (2024) 24:1528 

to be helpful for treating with periodontal disease [20, 
21]. These ideas may partly explain the current study 
findings. There is no consensus on whether IDB or DF is 
more effective because there is a lack of robust evidence 
[22]. Previous studies comparing the use of IDB and 
DF have suggested that IDB is as effective as or slightly 
more effective than DF [22]. However, the previous stud-
ies’ limitation is that they did not adjust for the different 
attributes of the IDB and DF groups, such as age and sex 
or the level of periodontitis prior to the intervention. 
Our current study is significant because we stratified the 
subjects by CPI and made comparisons after adjusting 
for confounding factors by age, gender, smoking habits, 
the DMFT index, the years of dental attendance, and 
the frequency of brushing. A study that intervened and 
compared subjects with both IDB and DF concluded that 
IDB was easier to use and more effective in patients with 
moderate or severe periodontal disease [23], which might 
affirm the results of the current study.

This study has the strength that we used the record of 
dental health examinations in each subject to eliminate 
the recall bias. Nonetheless, we acknowledge several 
limitations associated with the study. First, as oral health 
habits were obtained on questionnaire, the responses 
may be modified by so-called a social desirability bias, 
which favors desirable responses [24]. Second, as the 
study was conducted in a single company, the results may 
not completely be generalizable. Finally, the other con-
founding factors for tooth loss, for instance food prefer-
ence, were not examined. These limitations should be 
addressed in future studies.

Conclusions
The current study revealed that a longer-term use of 
ICDs could improve oral health outcomes such as tooth 
loss in company employees as a healthier population. 
Particularly, the longer-term use of DF could reduce the 
risk of tooth loss in shallow periodontal pockets, and the 
longer-term use of IDF could reduce it in deep periodon-
tal pockets. The continuous use of an appropriate ICDs 
type could be recommended by max CPI. The findings 
will be useful for making strategies for oral health pro-
motion in healthier people as employees.
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