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Validity of self-reported number of teeth in
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Abstract

Background: We examined the validity of self-reported number of teeth in middle-aged adults by using
representative cohort data to compare corresponding self-reported and clinical values.

Methods: This validity study is part of the representative 46-year-old follow-up of the Northern Finland Birth
Cohort 1966 (NFBC1966) Study. Mailed questionnaires (n = 5950) requested information on self-reported number
of teeth and background variables (education, tooth brushing and smoking), while clinical oral health examinations
(n = 1891) assessed the number of teeth (the ‘gold standard’). The main analyses compared the self-reported and
clinical values for the number of teeth in 1669 participants. Scatterplot and Bland-Altman plot served for visual
analyses, and alternative correlation coefficients (Pearson, Spearman, intraclass) for numerical comparisons
separately for men and women, with stratification according to background variables.

Results: The clinical assessment revealed that the mean value for the number of teeth was 27.46 (SD = 2.38), while
the corresponding value based on self-reported information was 27.48 (SD = 2.78). According to the Bland-Altman
plot, the mean difference between the clinical and self-reported values was − 0.02 (95% limits of agreement,
LoA: − 3.37 to 3.32). The observed ranges of intraclass correlation coefficients (ICC) among men and women
were 0.72 to 0.95 and 0.72 to 0.85, respectively, depending on the background variables.

Conclusions: Self-reported number of teeth in middle-aged Finnish adults agreed closely with the corresponding
clinical measure.

Keywords: Adult, Self report, Tooth, Tooth loss, Validity

Background
Tooth loss, assessed by the number of remaining/missing
teeth (whether self-reported or clinically assessed), is a
simple and widely used measure of oral health status in
dental research [1]. Especially among middle-aged and
older people, who tend to have fewer remaining teeth with
increased age, tooth loss is an optimal outcome measure
of oral health status when its association with general
diseases (e.g. diabetes, cardiovascular disease) or health
behavior (e.g. smoking, alcohol use) is a subject of interest
[2–4]. Professional oral health examinations to assess the

oral health status of the subject are expensive, time con-
suming and labor intensive. In contrast, number of teeth
is a simple measure which seldom requires professional
clinical assessment and is easily incorporated into health
questionnaires or interviews [3].
In general, self-reported number of teeth is an accept-

able and easily obtainable substitute for corresponding
objective clinical measures. However, some previous stud-
ies have reported a tendency towards underestimation of
the number of teeth in self-reports compared to trained
clinical assessments [5, 6]. Moreover, number of teeth val-
idity seems to vary according to certain characteristics
(e.g. age, oral health behavior, number of remaining teeth)
[5–7]. Especially aging predicts prosthetic restorations,
which make accurate self-reporting more difficult.
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Middle-aged Finns enjoy good oral health, thanks
mainly to the availability of subsidized dental care from
childhood [8]. Correspondingly, our earlier study found
that 60% of the sample of 46-year-old Finns reported hav-
ing at least 28 teeth in their mouth [3]. The study reported
that the validity of dichotomous self-reports (0–27 or 28–
32 remaining teeth) was substantial (Cohen’s kappa 0.78)
compared to professional clinical assessment, with 82% of
the participants’ self-reported values for the number of
teeth falling within a one-tooth margin of error from the
clinically assessed value. However, Similä et al. [3] only
explored the validity of self-reported number of teeth to
support the main analyses of their study.
Previous studies have offered only limited evidence of

the validity of self-reported measures in confined study
populations, hence the need for comprehensive studies
among different populations. Moreover, studies have
neglected to investigate the validity of self-reports among
different sub-groups based on background characteristics
such as socioeconomic status and health behavior. There-
fore, in this study, we examine the validity of self-reported
(remaining) number of teeth in middle-aged Finns with
good oral health. We hypothesize that self-reported values
will agree closely with the corresponding clinical assess-
ment in this study population. In addition, this study as-
sesses the possible effect of background characteristics on
the validity of self-reported information.

Methods
Study subjects
This cross-sectional validity study used data from the
longitudinal Northern Finland Birth Cohort Study 1966
(NFBC1966), which consists of a comprehensive sample
of individuals from the two northernmost provinces of
Finland (Lapland and Oulu) whose expected year of
birth was 1966 (12,068 mothers, 12,231 children, 96.3%
of all births in this region) [9]. Regular monitoring of the
cohort members since their mothers were pregnant has
provided information across several life stages. The Ethics
Committee of the Northern Ostrobothnia Hospital Dis-
trict in Oulu, Finland approved the study protocol,
which adhered to the principles of the Declaration of
Helsinki. The participants’ participation was voluntary,
and all provided their written informed consent. The
data were handled on a group level only; identification
codes replaced their personal information.
This study includes data from the 46-year follow-up

(carried out in 2012–2014) and consisted of a mailed
survey (between April 2012 and October 2013) and a
comprehensive in-person clinical health examination.
The questionnaires and invitations to health examina-
tions were mailed to all who lived in Finland and whose
addresses were known at the beginning of 2012 (n =
10,321). Subjects living in municipalities within 100 km

of the city of Oulu (Oulu subpopulation, n = 3135) were
invited to more thorough health examinations, which
included a full inspection of the mouth and teeth (from
April 2012 to June 2013).
Firstly, mailed questionnaires (n = 5950, participation

rate 58%) offered information on self-reported number
of teeth (not excluding wisdom teeth) and background
variables (education, tooth brushing and smoking). Oral
health examinations then included a clinical assessment
of the number of teeth (the ‘gold standard’) for the sub-
sample (n = 1891, participation rate 60%). Our analyses
focused on the comparison between self-reported and
clinical values for the number of teeth (n = 1669). On aver-
age, five months passed between the two assessments.

Number of teeth
The mailed survey inquired about the participant’s num-
ber of teeth at the age of 46 with the question “What is
the total number of teeth in your mouth?”, so it was im-
possible to distinguish between wisdom teeth and other
teeth. No additional instructions were given. The clinical
oral examination covered professional assessments for
each tooth separately [10]. A total of seven trained and
calibrated dentists carried out the examinations and
counted the number of missing teeth (including wisdom
teeth) in each participant. During the examinations, a
trained dental nurse assisted and registered the findings
into electronic form. With regard to the validity assess-
ment of this clinical measure, Cohen’s kappa values for
inter- and intra-examiner agreements on the tooth level
were 1.00 and 0.97, respectively [11, 12]. For the analyses,
we created a variable for the number of teeth in each par-
ticipant (32 – “number of missing teeth”).

Background variables
Gender, education, tooth brushing frequency and smoking
status served as background variables. Except for gender,
the mailed questionnaire requested information on these
variables. We formed a three-class ordinal variable from
the participant’s reported level of education at the age of
46 as follows: ‘basic education’ included those who had
not graduated from high school and had no formal voca-
tional qualification, ‘secondary education’ included those
who had graduated from high school or vocational school,
and ‘higher education’ included participants with a univer-
sity degree or who had graduated from a polytechnic or
equivalent school.
We dichotomized the response information for the

question on the frequency of tooth brushing based on the
general recommendation to brush twice daily: ‘once daily
or less’ or ‘at least twice daily’ [13].
Several questions asked about previous and current

smoking habits at the age of 46 [3]. We aggregated the
answers to these questions to determine the participants’
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smoking status as current, former or never smokers.
Here, ‘current smokers’ were those who reported smok-
ing at least occasionally; ‘former smokers’ included those
who had smoked daily for at least one year, but had quit
smoking and were not smokers at the time of the study;
‘never smokers’ included all participants who had
smoked daily for less than one year in their lifetime and
were not smokers at the time of the follow-up.

Statistical analysis
We conducted all validity analyses (except for Fig. 1) by
excluding participants (considered outliers) whose
self-reported values of number of teeth differed drastic-
ally (≥ 20 teeth; n = 5) from the corresponding objective
clinical value.
Scatterplot served for basic visual comparison between

self-reported and clinical values for the number of teeth.
Then, for a more sophisticated approach, Bland-Altman
plot was utilized [14].
For the numerical comparison between self-reported and

clinical values for the number of teeth, we carried out the
analyses separately for men and women based on our earl-
ier findings [2, 3, 11]. We calculated alternative correlation
coefficients (Pearson, Spearman, intraclass) among men
and women with stratification according to background
variables: education, tooth brushing frequency and smoking
status. Intraclass correlation coefficient (ICC) estimates
were based on single-rating (type), absolute-agreement
(definition), two-way mixed effects model [15–17].
We used the statistical package R environment version

3.3.2 for all statistical analyses [18]. The analyses made

use of following packages: BlandAltmanLeh, ggExtra,
ggplot2, gridExtra, irr.

Results
According to the objective clinical assessment, the mean
value for the number of teeth was 27.46 (standard devi-
ation, SD = 2.38), while the corresponding value based on
self-reported information was 27.48 (SD = 2.78) and the
value for the difference, between these two, was − 0.02
(SD = 1.71). These values for men were 27.48 (SD = 2.78),
27.48 (SD = 3.19) and − 0.004 (SD = 1.89), respectively; for
women, 27.44 (SD = 1.99), 27.48 (SD = 2.41) and − 0.04
(SD = 1.55), respectively.
The scatterplots indicate the degree of agreement be-

tween the self-reported and clinically assessed number
of teeth among men and women (Fig. 1). Five outliers
are clearly visible among the men. Otherwise, the pat-
tern between self-reported and clinical values among
men and women is consistent. Figure 2 visualizes the
distributions and agreement of self-reported and clinical
measures with histogram-style marginal graphs in the
Bland-Altman plot. The mean difference between the
values was − 0.02 (LoA: − 3.37 to 3.32).
Table 1 shows basic distributions and the comparison

between different correlation coefficients according to
background variables among men. The observed ranges
of the Pearson, Spearman and intraclass correlation co-
efficients, depending on the background variables, were
0.74 to 0.96, 0.74 to 0.91 and 0.72 to 0.95, respectively.
The values for the correlation coefficients seemed to
vary according to education level and smoking status.
For education, the observed agreement was the highest

Fig. 1 The agreement between the self-reported and clinically assessed number of teeth among men (n = 745) and women (n = 929)
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among those with basic education level (r = 0.96, ρ =
0.91, ICC = 0.95). Table 2 provides corresponding infor-
mation about women. The observed ranges of the Pear-
son, Spearman and intraclass correlation coefficients,
depending on the background variables, were 0.73 to
0.86, 0.81 to 0.88 and 0.72 to 0.85, respectively. The
values for the correlation coefficients varied less among
the women than among the men. For smoking status,

the observed agreement was the highest among former
smokers (r = 0.86, ρ = 0.85, ICC = 0.85).

Discussion
This study shows that self-reported tooth loss is a reli-
able measure in middle-aged Finns. Overall, agreement
between self-reported and clinical measures was high
among men and women with slight variation by gender,

Fig. 2 The Bland-Altman plot for the agreement between the self-reported and clinically assessed number of teeth (n = 1669). The plot includes
horizontal lines (three in total) for the mean difference of the measures and 95% limits of agreement (LoA), which are calculated as ±1.96*SD
away from the mean difference of the measures

Table 1 Alternative correlation coefficients (Pearson r,
Spearman ρ, intraclass ICC) for the self-reported and clinically
assessed number of teeth among men

n % r ρ ICC

Education (n = 730)

Basic 45 6 0.96 0.91 0.95

Secondary 322 44 0.80 0.74 0.79

Higher 363 50 0.74 0.79 0.72

Tooth brushing frequency (n = 738)

Once daily or less 359 49 0.81 0.78 0.80

At least twice daily 379 51 0.80 0.79 0.80

Smoking status (n = 680)

Never 299 44 0.75 0.79 0.74

Former 208 31 0.79 0.80 0.79

Current 173 25 0.87 0.77 0.86

Total 740 100 0.81 0.78 0.80

Table 2 Alternative correlation coefficients (Pearson r, Spearman ρ,
intraclass ICC) for the self-reported and clinically assessed number
of teeth among women

n % r ρ ICC

Education (n = 916)

Basic 34 4 0.83 0.88 0.80

Secondary 260 28 0.76 0.82 0.75

Higher 622 68 0.76 0.82 0.75

Tooth brushing frequency (n = 929)

Once daily or less 187 20 0.80 0.81 0.77

At least twice daily 742 80 0.75 0.83 0.74

Smoking status (n = 859)

Never 481 56 0.75 0.83 0.74

Former 191 22 0.86 0.85 0.85

Current 187 22 0.73 0.82 0.72

Total 929 100 0.77 0.82 0.76
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which agrees with our hypothesis. However, the values
for the correlation coefficients varied by background
characteristics such as education level and smoking
status.
Few studies have focused specifically on the validity of

self-reported number of teeth. Of two Japanese studies on
this topic, the earlier one was based on a sample of 40- to
56-year-old dentate community residents (n = 1152) who
completed self-administered questionnaires and under-
went dental examinations at local dental offices [6]. The
authors reported that the values for the Pearson and intra-
class correlation coefficient were 0.80 and 0.78, respect-
ively, for the entire sample. Our results were similar, as we
observed overall values for the Pearson, Spearman and
intraclass correlation coefficients to be 0.79, 0.80 and 0.78,
respectively. The more recent Japanese study examined
participants 35 years of age and older (n = 1501) who took
part in a self-administered questionnaire and clinical
examination of their dental status [5]. The study found
that the Spearman correlation coefficients for men and
women were 0.70 and 0.67, respectively. However, we ob-
tained slightly higher values for the Spearman correlation
coefficients among men and women (0.78 and 0.82) than
those in the study.
Most studies that use self-reported data have reported

slight underestimations of the self-reported number of
teeth [5, 6, 19]. In contrast, a study of the adult Swedish
population reported overestimation of the number of
teeth, especially among older participants [7]. Unlike
these studies, we observed no tendency towards either
under- or overestimation of the self-reported number of
teeth when compared to corresponding objective clinical
measure. However, the self-reported number of teeth
among men showed notable underestimation until we
removed the outliers from the analyses.
Scatterplots in Fig. 1 provided the opportunity to

identify the outliers, values that fall far outside the
mainstream values [20]. We excluded five cases which
we suspected to be clearly incorrect recordings or the
result of misunderstanding of the question related to
the number of teeth (likely reported as the number of
missing teeth instead). Thus, we avoided information
bias, which might otherwise have occurred due to in-
correct measurements of the number of teeth [21]. In
any case, the low number of excluded cases in this
study supports the usefulness of the self-reported
measure in comparable study populations.
Previous studies have generally neglected to investigate

the validity of self-reported number of teeth according to
basic background factors (i.e. socioeconomic status and
smoking) known to associate with oral health. Matsui et
al. [5] reported correlation values between self-reported
and clinically assessed number of teeth according to tooth
brushing frequency (‘Once a day’, ‘Twice a day’, ‘3 or more

times a day’). They merely noted that the correlations
were statistically significant for each tooth brushing
category, and that the correlation values showed little
variation between categories. Similarly, we observed no
variations in correlations between the categories of our
dichotomized tooth brushing frequency variable. In
addition to tooth brushing, we investigated the correla-
tions according to education level and smoking status.
Our findings imply that agreement between self-reported

and clinical measures could be higher among those
with a basic education level than among those with a
higher education level. In addition, different correlation
coefficients showed mutually inconsistent values across
the categories of smoking status among men. We argue
that agreement between self-reported and clinical
values is in some way related to the degree of tooth
loss. Previous studies that examined data from the
46-year-old NFBC1966 study population have demon-
strated a strong association between tooth loss and
current smoking or low education level [3, 11]. Conse-
quently, those who have fewer teeth and possibly other
complications as well, ought to be better aware of their
oral health status and, might report their number of
teeth accurately.
To our knowledge, this was the first study to assess

the validity of self-reported number of teeth in a Finnish
study population. The NFBC1966 46-year follow-up pro-
vided a representative sample of the middle-aged Finnish
population, with its good level of oral health.
We used three alternative correlation coefficients

(Pearson, Spearman, intraclass) to examine the validity
of self-reported data. Therefore, we were able to
strengthen our findings and provide a more thorough
comparison with earlier studies that used differing
measures of correlation [5, 6]. In addition, our use of a
Bland-Altman plot offers a novel approach (from the
common scatterplot) to visually assessing the validity
of self-reported number of teeth.
Some of the previous studies explored the validity of

self-reported number of teeth among different age
groups [5, 7]. We were able to study the validity only
among 46-year-olds, which limits the generalizability of
our results to other age groups. On the other hand, the
Japanese studies took into account the possibility that
the validity of self-reporting could ultimately depend
on the actual number of teeth [5, 6]. Although consid-
ering this connection possible, we did not assess the
validity of self-reporting based on the actual number of
teeth due to the overall high number of teeth values in
this study population, with its good level of oral health,
as doing so would have made it difficult to define com-
parable groups.
One of the most important factors influencing the validity

of self-reporting is the assessment method itself (e.g. mailed
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questionnaire, telephone survey, face-to-face interview). In
the NFBC1966 46-year-old follow-up, information on the
self-reported number of teeth was collected through a
mailed survey containing the question: “What is the total
number of teeth in your mouth?” This question is very
simple and offers no additional guidance on whether to
include, for instance, implants and roots in the calculation.
It also assumes that respondents will by default include
wisdom teeth in the calculation. Despite these shortcom-
ings, however, the participants reported their number of
teeth quite accurately.

Conclusions
In middle-aged Finnish adults, self-reported number of
teeth agreed closely with the corresponding clinical meas-
ure. Although some validity problems remain among
certain sub-groups, self-reported information can replace
clinical assessment as an easily obtainable cost-effective
alternative for studies that use tooth loss measures in
Nordic study populations. Using self-reported tooth loss
measures as a primary screening tool in a risk factor ques-
tionnaire enables the identification of subjects who might
benefit from further examinations.

Abbreviations
ICC: Intraclass correlation coefficient; LoA: Limits of agreement;
NFBC1966: The Northern Finland Birth Cohort 1966; SD: Standard deviation

Acknowledgements
We thank the late professor Paula Rantakallio (launch of NFBC1966), the
participants in the 46-year follow-up study and the NFBC project center,
professor Pertti Pirttiniemi and Paula Pesonen (for their contribution
regarding the dental examinations data). NFBC1966 received financial
support from University of Oulu Grant no. 24000692, Oulu University
Hospital Grant no. 24301140, ERDF European Regional Development
Fund Grant no. 539/2010 A31592.

Funding
Not applicable.

Availability of data and materials
Data is available from the Northern Finland Birth Cohort (NFBC) for
researchers who meet the criteria for accessing confidential data. Please,
contact NFBC project center (NFBCprojectcenter@oulu.fi) and visit the
cohort website (http://www.oulu.fi/nfbc/) for more information.

Authors’ contributions
TS designed the study, performed the statistical analyses and wrote the
manuscript. PN contributed to the analysis of data and drafting the manuscript.
JV designed the study and wrote the manuscript. All authors revised the draft
critically and approved the final version of the manuscript.

Ethics approval and consent to participate
The Ethics Committee of the Northern Ostrobothnia Hospital District in
Oulu, Finland approved the study protocol, which followed the principles
of the Declaration of Helsinki. The participants’ participation was voluntary
and all provided their written informed consent. The data were handled
on a group level only, and identification codes replaced the personal
information.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Research Unit of Oral Health Sciences, Faculty of Medicine, University of
Oulu, P.O. Box 5000, 90014 Oulu, Finland. 2Medical Research Center Oulu,
Oulu University Hospital, P.O. Box 5000, 90029 Oulu, Finland. 3Medical
Informatics and Data Analysis Research Group, University of Oulu, P.O. Box
5000, 90014 Oulu, Finland. 4Institute of Dentistry, University of Turku, 20014
Turku, Finland.

Received: 13 July 2018 Accepted: 16 November 2018

References
1. Haworth S, Shungin D, Kwak SY, Kim HY, West NX, Thomas SJ, et al. Tooth

loss is a complex measure of oral disease: determinants and
methodological considerations. Community Dent Oral Epidemiol. 2018.
https://doi.org/10.1111/cdoe.12391.

2. Similä T, Auvinen J, Puukka K, Keinänen-Kiukaanniemi S, Virtanen JI.
Impaired glucose metabolism is associated with tooth loss in middle-
aged adults: the northern Finland birth cohort study 1966. Diabetes Res
Clin Pract. 2018;142:110–9.

3. Similä T, Auvinen J, Timonen M, Virtanen JI. Long-term effects of smoking
on tooth loss after cessation among middle-aged Finnish adults: the
northern Finland birth cohort 1966 study. BMC Public Health. 2016;16:867.

4. Liljestrand JM, Havulinna AS, Paju S, Männistö S, Salomaa V, Pussinen PJ.
Missing teeth predict incident cardiovascular events, diabetes, and death. J
Dent Res. 2015;94:1055–62.

5. Matsui D, Yamamoto T, Nishigaki M, Miyatani F, Watanabe I, Koyama T,
Ozaki E, Kuriyama N, Kanamura N, Watanabe Y. Validity of self-reported
number of teeth and oral health variables. BMC Oral Health. 2016;17:17.

6. Ueno M, Zaitsu T, Shinada K, Ohara S, Kawaguchi Y. Validity of the self-
reported number of natural teeth in Japanese adults. J Investig Clin Dent.
2010;1:79–84.

7. Buhlin K, Gustafsson A, Andersson K, Håkansson J, Klinge B. Validity and
limitations of self-reported periodontal health. Community Dent Oral
Epidemiol. 2002;30:431–7.

8. Järvelin J. Health care systems in transition: Finland. European observatory
on health care systems, 4(1). Copenhagen: WHO Regional Office for Europe;
2002. http://www.euro.who.int/document/e74071.pdf. Accessed 26 Nov
2018.

9. Conference on Epidemiological Birth Cohort Studies Paula Rantakallio
Memorial Symposium, 2014. http://www.oulu.fi/sites/default/files/
Rantakallio_conference_2014_abstract_book.pdf. Accessed 26 Nov 2018.

10. Alaraudanjoki V, Laitala ML, Tjäderhane L, Pesonen P, Lussi A, Anttonen V.
Association of erosive tooth wear and dental caries in northern Finland
birth cohort 1966 - an epidemiological cross-sectional study. BMC Oral
Health. 2016;17:6.

11. Similä T, Virtanen JI. Association between smoking intensity and duration
and tooth loss among Finnish middle-aged adults: the northern Finland
birth cohort 1966 project. BMC Public Health. 2015;15:1141.

12. Viera AJ, Garrett JM. Understanding interobserver agreement: the kappa
statistic. Fam Med. 2005;37:360–3.

13. Delivering better oral health: an evidence-based toolkit for Prevention Third
Edition. Public Health England 2014. https://www.gov.uk/government/
uploads/system/uploads/attachment_data/file/367563/
DBOHv32014OCTMainDocument_3.pdf. Accessed 26 Nov 2018.

14. Bland JM, Altman DG. Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet. 1986;327:307–10.

15. Koo TK, Li MY. A guideline of selecting and reporting Intraclass correlation
coefficients for reliability research. J Chiropr Med. 2016;15:155–63.

16. McGraw KO, Wong SP. Forming inferences about some intraclass correlation
coefficients. Psychol Methods. 1996;1:30–46.

17. Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing rater reliability.
Psychol Bull. 1979;86:420–8.

Similä et al. BMC Oral Health          (2018) 18:210 Page 6 of 7

http://www.oulu.fi/nfbc/
https://doi.org/10.1111/cdoe.12391
http://www.euro.who.int/document/e74071.pdf
http://www.oulu.fi/sites/default/files/Rantakallio_conference_2014_abstract_book.pdf
http://www.oulu.fi/sites/default/files/Rantakallio_conference_2014_abstract_book.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/367563/DBOHv32014OCTMainDocument_3.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/367563/DBOHv32014OCTMainDocument_3.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/367563/DBOHv32014OCTMainDocument_3.pdf


18. The R Project for Statistical Computing http://www.r-project.org. Accessed
26 Nov 2018.

19. Pitiphat W, Garcia RI, Douglass CW, Joshipura KJ. Validation of self-reported
oral health measures. J Public Health Dent. 2002;62:122–8.

20. Indrayan A, Malhotra RK. Medical biostatistics. 4th ed. Boca Raton: Chapman
and Hall/CRC; 2018.

21. Rothman KJ. Epidemiology: an introduction. 2nd ed. Oxford: Oxford
University Press; 2012.

Similä et al. BMC Oral Health          (2018) 18:210 Page 7 of 7

http://www.r-project.org

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study subjects
	Number of teeth
	Background variables
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

