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Abstract 

Objectives: To investigate factors associated with the development of root caries in 

dentition without root caries experience and interactive relationships between risk 

factors. 

Methods: We conducted surveys, consisting of an oral examination (oral hygiene, 

assessment of the number of teeth, coronal and root caries) and a self-reported 

questionnaire, among employees of a company in Tokyo, Japan in 2016 and 2018. 

Questionnaires collected data on smoking status, oral hygiene habits, sugar intake, and 

frequency of dental visits. Multiple logistic regression and decision tree analyses were 

used to determine factors associated with the development of root caries. 

Results: A total of 299 participants aged 25–63 years were included in the analysis. 

Males, older adults, smokers/past smokers had a significantly greater risk of developing 

root caries. The risk of developing root caries was significantly associated with the 

number of teeth with gingival recession at baseline (6–9 teeth, odds ratio [OR]: 7.69, 95% 

confidence interval [CI]: 2.31–25.56; 10+ teeth, OR: 9.19, 95% CI: 2.73–30.95, relative to 

≤5 teeth); and with the number of coronal decayed and filled (DF) teeth (11–13 teeth, OR: 

3.21, 95% CI: 1.12–9.24; and ≥14 teeth, OR: 3.60, 95% CI: 1.27–10.20, relative to ≤10 

teeth). Other factors associated with root caries development differed according to the 

number of teeth with gingival recession and included drinking sugar-sweetened 

beverages, and the amount of toothpaste used. 

Conclusions: Gingival recession and number of coronal DF teeth were associated with 

the development of root caries. 

 

Clinical significance 



 

Multiple factors are associated with root caries development. The effect of risk factors 

such as drinking sweetened beverages and less toothpaste use is greater in individuals 

with greater gingival recession and more coronal decayed and filled teeth. Dental 

practitioners should focus on modifiable risk factors to prevent root caries. 

  



 

Introduction 

 The number of teeth retained among older adults has been reported to have increased 

in Japan [1]. Accordingly, root caries has been increasing among the elderly population. 

Imazato et al. [2] reported that 53.3% of Japanese elders had root caries. Root caries 

have a negative impact on oral health-related quality of life [3]. Slade et al. [3] found 

that elders with root caries were dissatisfied with the condition of their teeth. Therefore, 

identifying factors associated with root caries could improve the quality of life of the 

elderly population. 

 In the past, several factors associated with root caries have been reported [4, 5]. Tan et 

al. [4] reported that oral hygiene, use of dentures, and gingival recession were associated 

with root caries, and that root caries were more common in the upper anterior region. A 

systematic review showed that age, socio-economic status, smoking, root caries 

experience, gingival recession, and oral hygiene were associated with root caries [5]. 

Ritter et al. [6] also found that the prevalence of root caries at baseline, number of teeth, 

and plaque index, were predictors of root caries incidence. Locker [7] reported that 

predictors of root caries incidence differed according to whether root caries were present 

at baseline. 

 It is reasonable to assume that preventing the first root caries from non-root caries 

dentition is effective in preventing more root caries to occur. Although there are some 

studies investigating factors associated with the development of dental caries among 

caries-free children [8, 9], there are few studies focused on root caries. While the risk of 

root caries increases with age, Sugihara et al. reported that 24% of adults aged 40–49 

years old had root caries [10]. However, factors associated with the development of root 

caries from dentition without root caries experience among adults have not been 



 

identified. 

 Factors associated with dental caries have been found to interact with each other [11]. 

It is reasonable to assume that root caries might also interact similarly. However, few 

studies have investigated interactive relationships between risk factors. Although 

logistic regression has been used to investigate risk factors throughout the population, 

decision tree analysis divides the population into subgroups with different 

characteristics and estimates the prevalence in each subgroup [12]. Therefore, we used 

decision tree analysis which enables inclusion of multiple independent variables to 

establish a predictive model and logistic regression to compare the factors associated 

with root caries. The aim of our study was to investigate the factors associated with 

development of root caries from dentition without root caries experience and to 

determine the interactive relationships between risk factors using decision tree analysis 

and logistic regression. 

 

Materials and methods 

 

Study design 

This study was a prospective cohort study. 

 

Participants 

Employees at a company in Tokyo, Japan were given an oral examination and completed 

a self-reported questionnaire in July and August 2016 and July, August, and September 

2018. The selection criteria for participants are shown in Figure 1. In total, 549 

participants agreed to undergo the first oral examination and complete the self-reported 



 

questionnaire in 2016. Two years later, 360 participants (66%) underwent a second oral 

examination. In order to determine the factors associated with the development of root 

caries from non-root caries dentition, 59 participants who had root caries at baseline and 

2 participants who had missing values in the questionnaire data from 2016 were 

excluded from the analysis. Finally, data from 299 participants aged 25–63 years were 

analyzed in this study. Written informed consent was obtained from all participants. No 

statistical calculations were performed to determine a target sample size because the 

oral examination was intended to educate all the company employees about oral health 

and was not conducted solely for research purposes. This study was approved by the 

institutional ethical committee of (Approval number 602). 

 

Oral examination 

 The oral examination was performed in the company building. Participants were 

examined in a portable dental chair. In order to minimize inter-rater error, different 

examiners completed different aspects of the examination. Three examiners read the 

manual for this study and confirmed the criteria for each aspect. The condition of all 

teeth with coronal caries were examined by Dentist 1(YO). In addition, all permanent 

teeth with root caries and gingival recession were examined by Dentist 2 (NS). An 

assessment of oral hygiene status was performed by Dentist 3 (SS). The coronal and root 

caries were examined according to the criteria of the World Health Organization (WHO) 

[13]. No radiographs were taken, and tooth surfaces were not cleaned prior to 

examination. Gingival recession was noted if the cement-to-enamel junction (CEJ) was 

clearly exposed [14]. Oral hygiene status was assessed based on the debris index in the 

simplified oral hygiene status [15], and scored on a scale of 0–3, as follows: Score 0 for 



 

no debris on the tooth surface; score 1 for debris covering not more than the gingival 

third of the tooth surface; score 2 for debris covering more than one-third but not more 

than two-thirds of the tooth surface; and score 3 for debris covering more than two-third 

of the tooth surface. The highest debris index score among the teeth was used as the 

participant’s overall oral hygiene status score. All oral examinations were performed 

using the WHO periodontal probe and a dental mirror under artificial illumination. 

 

Questionnaire items 

 The questionnaire items included smoking status, frequency of daily brushing, amount 

of toothpaste used during daily brushing, use of interdental brushing, eating snacks 

between meals, drinking sugar-sweetened beverages, and regular dental attendance. 

Smoking status was categorized as “smokers” or “past smokers” and “non-smokers”. 

Frequency of daily brushing was categorized as <2 or ≥2. The amount of toothpaste used 

for each toothbrushing session was assessed using figures of toothpaste on a toothbrush 

and categorized as <1g or ≥1g (Appendix). (It has been reported that two-thirds of the 

length on the toothbrush holds approximately 1g of toothpaste [16].) Use of interdental 

brushing and regular dental attendance were categorized as “yes” or “no”. 

 

Statistical analysis 

 Decayed and filled (DF) teeth were assessed for both coronal and root caries. The 

difference between mean numbers of teeth, coronal DF teeth, and teeth with gingival 

recession at baseline and 2 years later were compared using paired t-tests. The number 

of coronal DF teeth and teeth with gingival recession was divided into 4 groups by 

referencing the 25th, 50th, and 75th percentiles as follows: 0–5 teeth, 6–10 teeth, 11–13 



 

teeth and ≥14 teeth and 0–2 teeth, 3–5 teeth, 6–9 teeth, and ≥10 teeth, respectively. We 

assumed that most participants would retain their teeth because they were skilled 

workers [17] and a relatively young (working age) population. Therefore, the number of 

teeth was categorized as <28 teeth and ≥28 teeth. Oral hygiene status was categorized 

into 3 groups: Scores 0 and 1 for “excellent”, score 2 for “good”, and score 3 for “poor”. We 

performed chi-square tests to determine the significance of the association between the 

development of root caries and each item. 

Multiple logistic regression analysis was performed using the development of dental 

caries as the dependent variable with adjustment for sex and age. Factors with a p-value 

<0.2 in the univariate analysis were used as the independent variables in the multiple 

logistic regression analysis. The multiple logistic regression model was developed using 

the forced entry method. Decision tree analysis was performed to identify the interaction 

of factors associated with the development of root caries. For this analysis, the Chi-

Squared Automatic Interaction Detection (CHAID) algorithm (based on chi-squared 

tests) [18] was used to identify relationships between one dependent variable and several 

independent variables. The data were analyzed using the computerized statistical 

package SPSS, version 26.0 (IBM Corp, Armonk, NY, USA), and the significance level 

was set at 5%. 

 

Results 

 Characteristics of the participants at baseline are shown in Table 1. 211 participants 

(70.6%) were male and 123 participants (41.1%) were 40-49 years old. 66.9% were non-

smokers, 85.6% brushed their teeth ≥2 times per day, 50.2% did not use interdental 

cleaner, 48.8% demonstrated “good” oral hygiene, 66.9% did not eat snacks between 



 

meals, 82.9% did not drink sugar-sweetened beverages, and 51.8% did not have regular 

dental attendance. 

 Table 2 shows the comparison of assessments of teeth between baseline and 2-years 

later. A significant difference was observed in the number of teeth with gingival recession 

(mean±SD: 5.8±5.1 teeth in 2016 and 7.1±5.6 teeth in 2018). The numbers of decayed 

(D)-root and DF-root teeth in 2018 were 0.1±0.3 and 0.5±1.5, respectively. Although these 

differences were not significant, the number of coronal decayed teeth was slightly lower 

(mean±SD: 0.2±0.6 teeth in 2016, and 0.2±0.5 teeth in 2018) and the number of filled 

teeth was slightly higher (mean±SD: 9.1±5.3 teeth in 2016 and 9.6±5.2 teeth in 2018). 

As for the mean number of teeth, the participants had more than 28 teeth at both 

baseline and 2-years later. 

 Table 3 shows the relationship between the development of root caries and each of the 

assessed factors at baseline. The incidence of root caries differed significantly according 

to sex, age, smoking status, number of coronal DF teeth, and number of teeth with 

gingival recession. 

 Table 4 shows the factors associated with development of root caries using multiple 

logistic regression. In the adjusted analysis, the number of teeth with gingival recession, 

and the number of coronal DF teeth were found to be significantly associated with the 

development of root caries. 

 Figure 2 depicts the decision tree analysis for factors associated with the development 

of root caries. Among participants with ≥6 teeth with gingival recession, the risk of 

developing root caries was greater among those with ≥6 coronal DF teeth. Among 

participants with 3–5 teeth with gingival recession, daily drinking of sugar-sweetened 

beverages was associated with the development of root caries. In participants who did 



 

not drink sugar-sweetened beverages daily, use of <1g of toothpaste per toothbrushing 

session was associated with the development of root caries. Among participants with 0–

2 teeth with gingival recession, age >40 years was associated with the development of 

root caries. 

 

Discussion 

 The purpose of this study was to investigate the factors associated with the 

development of root caries in root caries-free teeth. The results of the multiple logistic 

regression analysis showed that gingival recession and the number of coronal DF teeth 

were associated with the development of root caries. In addition, the results of the 

decision tree analysis showed that the factors associated with the development of root 

caries differed according to the number of teeth with gingival recession. These results 

indicate that gingival recession and the number of coronal DF teeth were associated with 

root caries in throughout the study population. However, other risk factors varied 

between population subgroups according to the number of teeth with gingival recession. 

 The number of teeth with gingival recession has been reported to be associated with 

root caries in many studies [4, 6, 14, 19-21]. As the risk of developing root caries can be 

assumed to be greater when the root surfaces are exposed, prevention of gingival 

recession is likely to be effective in preventing root caries. With regard to factors 

associated with gingival recession, smoking, gingival inflammation, and educational 

level have been identified [22, 23]. Improving oral hygiene and smoking cessation might 

prevent the development of root caries. 

 The decision tree analysis revealed that the risk factors associated with root caries 

differed according to the number of teeth with gingival recession. Among patients with 



 

few numbers of teeth with gingival recession (0–2 teeth), age was associated with root 

caries. Generally, the prevalence of root caries has been reported to be high among older 

adults. Hariyani et al. [24] reported that the prevalence of root caries among the 

Australian adult population was 25.3% in those aged 15 years and older, and 62.0% in 

those aged 60 years and older. They also hypothesized that the increase in the incidence 

of root caries with age was attributable to the increasing number of teeth with gingival 

recession with age. However, the results of this study showed that older age was 

associated with root caries even though the participants had little gingival recession. 

These results might be affected by root surfaces fillings. Tan and Lo [4] pointed out the 

difficulty of distinguishing the fillings on the root surfaces from caries or cervical 

abrasion. It is reasonable to assume that root surfaces might be filled due to cervical 

abrasion regardless of age. Therefore, fillings on root surfaces might be associated with 

age among participants with low numbers of teeth with gingival recession in this study. 

 Among patients with a moderate number of gingival recession (3–5 teeth), drinking 

sugar-sweetened beverages and the amount of toothpaste was associated with the 

development of root caries. There are controversial results regarding the relationship 

with sugar intakes. Although Christensen et al. [25] reported that sugar intake was not 

associated with root caries among 4369 adults aged 21–89 years old. Steele et al. [26] 

reported that frequent sugar intake was associated with risks of increasing root caries 

among 462 adults aged ≥65 years. In our study, while there was no significant association 

between drinking sugar-sweetened beverages and the development of root caries using 

chi-square tests (Table 3), drinking sugar-sweetened beverages was associated with the 

development of root caries among participants with a moderate number of teeth with 

gingival recession. This result suggests that if there are some root surfaces at risk, sugar 



 

might be a risk factor for the development of root caries. In addition, among participants 

who did not report daily drinking of sugar-sweetened beverages, the amount of 

toothpaste was associated with root caries. It has been reported that using fluoride-

containing toothpastes was effective in preventing root caries [27]. Generally, using 1–

1.5 g of fluoride toothpaste is recommended to prevent dental caries [28]. Using less than 

1 g of toothpaste has been reported to be unfavorable for keeping the concentration of 

fluoride for preventing dental caries [16]. It is reasonable to assume that participants 

who do not consume sugar-sweetened beverages daily would lead a healthy lifestyle. 

Therefore, recommending the use of fluoride toothpaste for patients with gingival 

recession might be effective in preventing the development of root caries. 

 Among patients with a high number of gingival recession (6 teeth and more), the 

number of DF teeth at baseline was associated with root caries. Hayes et al. [20] reported 

that coronal decay was significantly associated with root caries among 334 adults aged 

65 years and older. It is unsurprising that the presence of coronal dental caries was 

associated with root caries. The results of our study suggest that participants with a high 

number of teeth with gingival recession have a higher risk of developing root caries when 

they had coronal DF teeth. 

 It has been reported that smoking [5, 19, 24, 25, 29] and oral hygiene status [2, 4-6, 20, 

26] were associated with root caries. However, these factors were not significantly 

associated with root caries in our multivariate analysis. This may be related to the 

characteristics of the population in this study. The age of our participants was relatively 

young compared with past studies. It may be considered that factors associated with root 

caries might be different in older age compared with factors at the age when the first 

root caries occurs. 



 

 There are several limitations in this study. We used DF teeth as an indicator of root 

caries. It was impossible to determine whether the fillings on the root surfaces were due 

to caries or cervical abrasion. Therefore, the factors that were found to be associated with 

the development of root caries in our study may have been related to fillings on the root 

surface due to cervical abrasion, rather than due to root caries. This could lead to the 

effect of root caries being overestimated [4]. The intra-examiner reliability was not 

assessed in this study because the participants were company employees and the dental 

examinations were performed during work hours. However, inter-examiner reliability 

for dental caries assessment has been reported to be relatively high in past studies [4, 

7], so it is unlikely to have biased our results The participants who were included in the 

analysis were those who had an oral examination and answered a self-reported 

questionnaire. Therefore, selection bias may have occurred. Moreover, in order to 

determine risk factors associated with the development of root caries, we excluded the 

participants who had root caries at baseline. This means that the participants with high 

risk for root caries might be excluded in our study. Therefore, generalizability of the 

results of this study might be limited to populations with a low risk of root caries. 

Moreover, the factors associated with the development of root caries in the decision tree 

analysis were determined in a hierarchical manner, and so were assessed only in certain 

subgroups. Therefore, caution should be exercised when applying these results to the 

general population. 

 In conclusion, this study revealed the factors associated with the development of root 

caries. Gingival recession and number of coronal DF teeth were associated with the 

development of root caries from dentition without root caries experience. In addition, age, 

drinking sugar-sweetened beverages and the amount of toothpaste used were associated 



 

with the development of root caries in some subgroups. 
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Table 1. Characteristics of the study participants at baseline (N=299)   

    

    n % 

Sex Male 211 70.6 

 Female 88 29.4 
    

Age (years) 20–29 24 8.0 

 30–39 72 24.1 

 40–49 123 41.1 

 50–59 69 23.1 

 60–69 11 3.7 
    

Smoking status Smoker or past smoker 99 33.1 

 Non-smoker 200 66.9 
    

Frequency of daily tooth-brushing ≺2 43 14.4 

 ≥2 256 85.6 
    

Amount of toothpaste used <1g 186 62.2 

 ≥1g 113 37.8 
    

Use of interdental cleaner Yes 149 49.8 

 No 150 50.2 
    

Oral hygiene status Excellent 120 40.1 

 Good 131 43.8 

 Poor 48 16.1 
    

Eating snacks between meals  Everyday 99 33.1 

 Not everyday 200 66.9 
    

Drinking sugar-sweetened beverages  Everyday 51 17.1 

 Not everyday 248 82.9 
    

Regular dental attendance Yes 144 48.2 

 No 155 51.8 

        



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Comparison of the baseline and 2-year follow-up teeth assessments   

       



 

  Baseline   
2 years 

later 
  

  Mean SD   Mean SD p value 

Coronal teeth       

Number of decayed teeth 0.2  0.6   0.2  0.5  0.22 

Number of filled teeth 9.1  5.3   9.6  5.2  0.10  
       

Root teeth       

Number of decayed teeth 0.0  0.0   0.1  0.3  <0.001 

Number of filled teeth 0.0  0.0   0.5  1.5  <0.001 
       

Number of teeth with gingival recession 5.8  5.1   7.1  5.6  <0.001 
       

Total number of teeth 28.5  1.8    28.4  1.9  0.22 
       

SD: Standard deviation       

P values were calculated using paired t-tests.      

 

 

 

 

 

 

 

 

 

 

 

Table 3. Development of root caries according to baseline participant characteristics  

       

  Developed root caries   

  Yes   No   



 

  n %   n % p-value 

Sex       

Male 52 24.6   159 75.4  0.02 

Female 11 12.5   77 87.5   

Age (years)       

20–29 2 8.3   22 91.7  0.003 

30–39 9 12.5   63 87.5   

40–49 24 19.5   99 80.5   

50–59 23 33.3   46 66.7   

60–65 5 45.5   6 54.5   

Smoking status       

Smokers or ever smokers 29 29.3   70 70.7  0.01 

Non-smokers 34 17.0   166 83.0   

Frequency of tooth-brushing       

≺2 times/day 7 16.3   36 83.7  0.41 

≥2 times/day 56 21.9   200 78.1   

Amount of toothpaste used       

<1 g 45 24.2   141 75.8  0.09 

≥1 g 18 15.9   95 84.1   

Use of interdental cleaner       

Yes 32 21.5   117 78.5  0.86 

No 31 20.7   119 79.3   

Oral hygiene status       

Excellent 28 23.3   92 76.7  0.62 

Good 27 20.6   104 79.4   

Poor 8 16.7   40 83.3   

Eating snacks between meals everyday       

Yes 21 21.2   78 78.8  >0.99 

No 42 21.0   158 79.0   

Drinking sugar-sweetened beverages everyday      

Yes 11 21.6   40 78.4  >0.99 

No 52 21.0   196 79.0   

Regular dental attendance       

Yes 33 22.9   111 77.1  0.45 

No 30 19.4   125 80.6   

Number of coronal DF teeth       



 

0–5 teeth 7 8.9   72 91.1  0.002 

6–10 teeth 17 19.1   72 80.9   

11–13 teeth 16 25.4   47 74.6   

14 teeth and over  23 33.8   45 66.2   

Total number of teeth       

<28 teeth 16 28.1   41 71.9  0.15 

≥28 teeth 47 19.4   195 80.6   

Number of teeth with gingival recession       

0–2 teeth 5 5.4   87 94.6  <0.001 

3–5 teeth 12 16.7   60 83.3   

6–9 teeth 21 30.0   49 70.0   

≥10 teeth  25 38.5    40 61.5    

DF: decayed or filled       

P-values were caluclated using chi-square tests.      

       

 

 

 

 

 

 

 

 

 

 

Table 4. Association between the development of root caries and selected factors based on 

multivariate logistic regression 

  OR 95% CI P value 

Sex      

Male  1.00    



 

 

 

 

Female 0.63  0.27–1.44 0.27  

Age (years)    

20–29 1.00    

30–39 0.41  0.06–2.67 0.35  

40–49 0.38  0.06–2.39 0.30  

50–59 0.45  0.07–3.10 0.42  

60–65 0.53  0.05–5.07 0.58  

Number of teeth with gingival recession    

0–2 1.00    

3–5 3.19  0.91–11.16 0.07  

6–9 8.32  2.39–29.00 0.001 

≥10  9.16  2.59–32.40 0.001 

Smoking status    

Non-smoker 1.00    

Smoker or past smoker 1.27  0.65–2.57 0.49 

Amount of toothpaste    

≥1 g 1.00    

<1 g 1.91  0.95–3.83 0.07 

Number of coronal DF teeth    

0–5 1.00    

6–10 2.04  0.73–5.69 0.18  

11–13 3.21  1.12–9.24 0.03  

≥14 3.60  1.27–10.20 0.02  

Total number of teeth    

<28 1.00    

≥28 0.89  0.42–1.90 0.77  



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 


