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Abstract

Some periodontal diseases can be associated with cariogenic bacterial growth due to vari-
ous oral health imbalances. This fact may be linked to a greater development of root caries.
Thus, this systematic review analyzed the evidence on the association between periodontal
disease and root caries. An electronic search was performed in five databases (Cochrane
Library, LILACS, MedLine via PubMed, Scopus, and Web of Science) and two additional
sources (Google Scholar and Open Grey) to partially capture the grey literature. The PECO
strategy was used to identify prospective or retrospective observational studies assessing
root caries in patients with periodontal disease without language or year publication restric-
tions. Two reviewers extracted data and evaluated the individual risk of bias in the eligible
studies. Random effects meta-analyses were performed to calculate the Odds Ratio (OR).
The risk of bias was assessed by the NIH tool, and the certainty of evidence was classified
according to the GRADE tool. There were 1,725 studies retrieved, of which four met the eli-
gibility criteria. All of them were evaluated for the control statements for possible confound-
ers, bias consideration, and confounding factors because they had multivariate analysis.
Adults with periodontal disease had a greater chance of presenting root caries than adults
without, with OR 1.38 [CI 1.25, 1.53]. The certainty of evidence was classified as very low.
Within the limits presented in this review, there was an association between periodontal dis-
ease and root caries, highlighted in the qualitative synthesis and the meta-analysis results.

Introduction

Periodontal health is the absence of histological signs of periodontal inflammation and the
absence of signs of periodontium anatomical change [1, 2]. Periodontitis, in turn, is one of the
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types of periodontal disease, and it is the most critical public health problem due to its wide-
spread prevalence [3]. Periodontitis is a chronic multifactorial inflammatory illness character-
ized by increasing loss of the tooth-supporting system and associated with dysbiosis plaque
biofilms [4]. The primary characteristics of this disease include gingival bleeding, radiographic
alveolar bone loss, periodontal pocketing, and clinical attachment loss (CAL), which is the loss
of periodontal tissue support [5]. Periodontal disease may impair quality of life, mastication,
esthetics, and self-confidence (6, 7].

Any carious lesion that develops on the tooth’s root surface is called root caries [8]. It is
described as a cavitated or non-cavitated lesion that is not connected to the neighboring
enamel and is located below the cementoenamel junction (CEJ) [8, 9]. Cementum and under-
lying dentine are both affected by root caries, which is discolored, mushy, and poorly defined
[8]. Upon progression, root caries may potentially lead to dental pulp necrosis and the destruc-
tion of the surrounding periodontal tissues [9].

Root caries has a bidirectional effect on periodontal tissues and tooth surfaces, which wors-
ens the impact of both illnesses on a patient’s oral health [10]. Usually, gingival tissues cover
the root surface, but when the periodontal disease develops, and gingival recession occurs, the
microbiome of the exposed root may change from anaerobic to aerobic, which could speed up
the demineralization process in the presence of additional risk factors [11-13].

Metabolically specialized microorganisms cause caries and periodontal disease. Positive
feedback loops are involved in the progression of these diseases, but they are triggered by dif-
ferent stressors. In caries, continued exposure to sugars and organic acid fermentation can
result in a positive feedback loop, increasing the amount of acidogenic and aciduric microor-
ganisms and raising the pH of the medium. Plaque accumulation causes inflammation in gin-
givitis, and a positive feedback cycle increases inflammatory factors, which can dysregulate the
host immune response and destroy periodontal tissues [4, 14].

Moreover, root caries is challenging to identify, especially in the early stages of deminerali-
zation [15]. However, it is a consensus that a visual and tactile inspection of the dry tooth sur-
face can detect and measure the severity of root caries through its specific evaluation index
[16]. Furthermore, with aging, the presence of gingival recession can occur as a sequel to peri-
odontitis, resulting in occurrence at the same time of caries and periodontal disease, usually
non-communicable diseases [17]. Thus, a negative mutualism between both diseases, also
associated with other aging conditions, may indicate a risk of demineralization of the root sur-
face due to the anatomical discrepancies present on this surface, which was once protected by
periodontal support tissues [17].

Therefore, since there is some evidence regarding the relationship between periodontal dis-
ease and root caries, this systematic review aims to summarize the findings on whether there is
an association between periodontal disease and root caries in adult patients.

Materials and methods
Protocol registration

The protocol was reported according to the Preferred Reporting Items for Systematic Review
and Meta-Analysis Protocols (PRISMA-P) [18] and registered in the Open Science Framework
(OSF) database under the DOI: https://doi.org/10.17605/OSF.IO/R97HY. This systematic
review was conducted according to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [19], the Joanna Briggs Institute (JBI) Manual [20], and to the Con-
ducting Systematic Reviews and Meta-Analyses of Observational Studies of Etiology (COS-
MOS-E) guideline [21].
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Research question and eligibility criteria

The review was designed to answer the following question: “Is there any association between
periodontal disease and root caries?” following the PECO strategy for structuring, in which: P
(population), E (exposure), C (comparison), and O (outcome).

Inclusion criteria.

o Population: adult patients;

o Exposure: subjects with periodontal disease;

« Comparator: subjects without periodontal disease;
« Outcome: root caries.

« Study design: prospective or retrospective observational studies (cross-sectional, case-con-
trol, or cohort studies).

There were no restrictions on publication language or year.
Exclusion criteria.

« Studies with sample overlapping (in this case, considering the most recent study that best
described the methodology and results);

« Studies presenting a qualitative inquiry, studies of intervention, case reports, case series, lit-
erature reviews, editorials, letters to the editor, personal opinions, books, and book chapters.

Sources of information, search, and selection of studies

The electronic searches were performed in the Cochrane Library, Latin American and Carib-
bean Health Science Literature (LILACS), Medline (via PubMed), Scopus, and Web of Science.
Google Scholar and Open Grey were used to partially capture grey literature. These steps were
performed to minimize the selection bias. Search updates in all databases were performed until
April 2023. The search descriptors were selected according to the MeSH (Medical Subject
Headings), DeCS (Health Sciences Descriptors), and Emtree (Embase Subject Headings)
resources. The main descriptors used to compose the search strategies were: Root Caries, Peri-
odontal Disease, Periodontitis, Gingival Disease, Adult. Several combinations among the
descriptors were performed with the Boolean operators “AND” and “OR”, respecting the syn-
tax rules of each database (S1 Table in S1 File).

The results were exported to a reference software manager (EndNote X9™, Clarivate™ Ana-
Iytics, Philadelphia, USA). Duplicates were firstly removed using the automated software tool,
and then manually checked. The grey literature was manually analyzed, simultaneously and
fully, with Microsoft Word™ 2010 (Microsoft™ Ltd., Washington, USA).

Before selecting the studies, two reviewers performed a calibration exercise in which they
discussed the eligibility criteria and applied them to a sample of 20% of the studies retrieved to
determine inter-examiner agreement. After reaching an adequate level of agreement
(Kappa > 0.81), the selection started (Table 1). In the first phase, two eligibility reviewers

Table 1. Symmetric measures of agreement between variables with kappa test.

Symmetric Measures

Value Asymptotic Standard Error® Approximate T° Approximate Significance
Measure of Agreement Kappa ,887 ,112 15,466 <,001
N of Valid Cases 300

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis

https://doi.org/10.1371/journal.pone.0285955.t001
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(RMEN and BRRP) independently analyzed the titles and abstracts of the studies. A third
examiner (DRF) interpreted and defined disagreements between the examiners. In the second
phase, the full texts of the preliminary eligible studies were assessed.

Data collection

Before data extraction, a calibration exercise was performed to ensure consistency between the
reviewers, in which the data from three eligible studies were extracted jointly. After the calibra-
tion, two reviewers (RMFN and BRRP) independently and blindly extracted the data from the
eligible studies. In cases of disagreement about data extraction, a third reviewer (DRF) was
consulted.

The following data were extracted from the articles: study identification (author, year, coun-
try, location, and application of ethical criterion), sample characteristics (number of patients
with and without root caries, distribution by sex and average age), data collection and process-
ing characteristics (root caries diagnostic method, periodontal assessment method, and type of
statistical analysis used), main results (main outcomes from each study, number of patients
with periodontal disease diagnosed with root caries). In case of incomplete or insufficient data,
the corresponding authors were contacted via e-mail up to three times, with weekly intervals.

Risk of bias assessment

Evaluation of methodological quality. Included studies were assessed for the risk of indi-
vidual bias with the National Institutes of Health (NIH) Quality Assessment Tool for Observa-
tional Cohort and Cross-Sectional Studies [22]. Two authors (DRF and MKMF) assessed each
domain independently for the quality evaluation and risk of bias, as reccommended by the
PRISMA statement [19]. A third examiner (ROF) interpreted and defined disagreements
between the examiners. The methodological quality of the studies was assessed using checklist
criteria. Each study’s quality was rated as poor, fair, or good after answering a set of 14
questions.

Evaluation of control statements for possible confounders and bias consideration.

This evaluation was based on a previous study of Hemkens et al., 2018 [23]. All eligible studies
were initially analyzed regarding the explicit mention of multivariate analysis, an essential sta-
tistical test to control possible confounders. Studies that did not perform multivariate analysis
were excluded. Moreover, the remaining studies were critically appraised by two independent
reviewers (MTCV and LRP), whose disagreements were solved by a third reviewer (RRL). The
abstract and Discussion sections of each eligible study were read and evaluated by six ques-
tions. The last question considered the Conclusion section. If there was no specific section for
the Conclusion, the last paragraph of the Discussion section was assessed instead.

Assessment of confounding factors. This assessment was based on a previous study of
Wallach et al., 2020 [24]. The critically appraised studies had their Methods and Results sec-
tions read and assessed by two independent reviewers (MTCV and LRP), and a third reviewer
(RRL) decided their conflicts. This step allowed the identification of variables and confounding
domains presented in each study. The variables were also classified as adjustment (used in
multivariate analysis or Poisson’s regression to control possible confounders), stratification
(used in sample selection to make strata) or matching variables (used to pair known character-
istics between study participants or groups).

Data synthesis and meta-analysis

The data collected from the studies selected were organized in Microsoft Excel™ 2019 spread-
sheets (Microsoft™ Ltd., Washington, USA) and described narratively (qualitative synthesis).
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Quantitative data were analyzed using RevMan software (Review Manager 5.3, Copenhagen,
Denmark) to evaluate the association between periodontal disease and root caries. Standardi-
zation of evaluations was considered, and only studies with low risk of bias that report the
association between CALoss (<3mm and >4mm) and root caries (diagnosed with established
indexes) were included.

The odds ratio (OR) and its 95% CI of the association between these diseases (periodontal
disease and root caries) from included studies were extracted. The adjusted odds ratio was also
used whenever possible; otherwise, crude odds ratio estimates were considered to measure the
effect as alog OR and the standard error of the log OR using generic inverse-variance weight-
ing method. When necessary, the effect estimates were converted to OR with the help of Rev-
Man software tools.

The fixed effect model was applied when an extremely low number of studies were included
(three or fewer studies), and the random effect was applied when four or more studies were
included in the meta-analysis [25]. Heterogeneity was tested using the I” index and the predic-
tor interval were calculated if random effect was applied [26].

Certainty of evidence. The certainty of the evidence and the strength of recommenda-
tions were evaluated using the Grade of Recommendation, Assessment, Development, and
Evaluation (GRADE) tool. The GRADEpro GDT software (http://gdt.guidelinedevelopment.
org) was used to summarize the results. The evaluation for downgrade was based on the risk of
bias, inconsistency, indirectness, imprecision, and publication bias. The assessment to increase
certainty was based on large magnitude of effect, dose response, and confounders likely mini-
mize the effect. The certainty of evidence would be rated as low or very low due to the design
of the included studies [27].

Results
Study selection

Initially, 1,725 records were identified from the seven electronic databases, including grey liter-
ature sources. After removing the duplicates, 1,546 results remained for the analysis. A careful
reading of the titles and abstracts resulted in the exclusion of 1,531 studies, leaving 15 for full-
text reading. After that, 11 articles were excluded after full-text analysis: eight studies did not
have a control group [28-35], two studies described root caries as exposure, not outcome [36,
37], and one was a literature review [17]. Therefore, four articles were included in the qualita-
tive synthesis [10, 38-40]. Fig 1 displays details of the study selection process.

Study characteristics

The studies were carried out in different countries, including China [40] England [10] Japan
[39] and Finland [38]. Adding the total number of study participants, the result was 18724 peo-
ple. The mean age across the studies was about 53 years.

All studies assessed periodontal diseases through clinical examinations that contributed to a
periodontitis diagnosis. Among the clinical parameters, three studies evaluated CAL (Clinical
Attachment Loss) [10, 39, 40], 2 verified it through Pocket Deep (PD) [10, 39], one observed
plaque level and Gingival inflammation [38], and one verified Basic periodontal examination
(BPE) [10].

Regarding root caries analysis, 1 study searched Root caries index (RCI) [38], 2 investigated
Decayed, Missing and Filled Teeth (DMFT) [10, 40], and 1 performed several analyzes such as
numbers of root surface decayed teeth (RDT), root surface filled teeth (RFT), root surface
decayed and filled teeth (RDFT) [39]. All studies’ characteristics are presented in Table 2.
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Identification

Screening

Included

[

Identification of studies via databases and registers

Records identified from:
Databases (n =1725)
Pubmed (n=1271)
Lilacs (n=180)

Scopus (n=173)

Web of science(n=41)
Cochrane (n=22)
Google Schoolar(n=38)
OpenGrey (n=0)

Records removed before
screening:
Duplicate records removed (n
=179)
Records marked as ineligible
by automation tools (n =0)
Records removed for other
reasons (n =0)

Records screened
(n =1546)

Records excluded
(n=1531)

Reports sought for retrieval
(n=15)

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=15)

Reports excluded:

Reason 1: without control group (n =8)
Reason 2: literature review (n =1)
Reason 3: exposure was root caries and
outcome was periodontal disease (n=2)

Studies included in review
(n=4)

Reports of included studies
(n=0)

—

Studies included in the
Meta-analysis (n=2)

Fig 1. Flow diagram of databases searched according to PRISMA guidelines (Preferred reporting items for
systematic review and meta-analysis).

https://doi.org/10.1371/journal.pone.0285955.9001

Results of individual studies and syntheses

All studies evaluated the association between the pathologies through regression and correla-
tion. For instance, through using binomial regression, AlQobaly and Sabbah (2020) [10]
observed in their study, with a population of 4738, that people with periodontitis (PD or
LoA > 4 mm) had a significant correlation with root DMFT (RR: 1,03, CI 95%: 1,01-1,05).

The correlation of periodontal status with untreated root surfaces caries was explored in a

study involving 368 people by Saotome et al. (2006) [39]. Multiple regression analysis revealed
a correlation between average attachment loss aAL (p = 0.014) and attachment loss greater
than 4 mm rAL4 (p = 0.086). Furthermore, a multiple regression analysis the periodontal sta-
tus aPD (p = 0.113) and pocket depth greater than 4mm rPD4 (p = 0.532).
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Table 2. Summary of the individual studies’ characteristics and results.

Author, year Participants Periodontal Root caries Statistical Results Conclusion
(country) Sourceof | Sample = Age disease assessment analysis
sample size evaluation
indexes
Yuetal, 4th National | 8841 >35 Clinical Decayed and | Chi-square test | Middle-aged patients (35-44 years) | The authors showed
2021 (China) | Oral Health years | Attachment Filled Teeth and Logistic Root caries, n (%; 95% CI) that middle-aged and
Survey Loss (CAL) (DFT) regression Without periodontal disease (CAL<3 | elderly people
mm): presented root caries
62 (2.1;1.6-2.7) positively correlated
With periodontal disease (CAL = 4-5 | with periodontitis.
mm):
40 (3.6; 2.6-4.8)
With periodontal disease (CAL>6
mm):
25(7.4;4.8-10.7)
(p<0.001)
Middle-aged patients (65-74 years)
Root caries, n (%; 95% CI)
Without periodontal disease (CAL<3
mm):
70 (8.4; 6.6-10.5)
With periodontal disease (CAL = 4-5
mm):
231 (16.2; 14.3-18.2)
With periodontal disease (CAL>6
mm):
407 (21.9; 20.0-23.8)
(p<0.001)
Middle-aged patients (35-44 years)
Odds Ratio (95% CI)
Model 1% 1.43 (1.27-1.59) *
Model 2% 1.44 (1.28-1.6) *
Model 3 1.40 (1.24-1.56) *
*: p<0.001
Middle-aged patients (35-44 years)
Odds Ratio (95% CI)
Model 1% 1.26 (1.19-1.33) *
Model 2% 1.28 (1.21-1.35) *
Model 3% 1.28 (1.21-1.35) *
*: p<0.001
AlQobaly | Adult Dental | 4738 | >35 Basic Decayed, Negative Mean root caries (95% CI) This study shows that
etal., 2020 Health years | periodontal Missing and binomial Without periodontal disease: 7.65 individuals with
(England) Survey examination Filled Teeth regression (7.32-7.98) periodontitis had 23%
(ADHS) (BPE) (DMFT). Root With periodontal disease: 10.04 (9.73- | higher risk of
2009 Pocket Depth | caries was only 10.36) presenting root caries
(PD) indicated by Rate Ratio (RR): than subjects without
Clinical the sum of Without periodontal disease: periodontitis.
attachment decayed and Reference
level (CAL) filled roots. With periodontal disease: 1.23
95% CI: 1.16-1.30
(p < 0.001)
Saotome Residents of 368 75 | Probing pocket | Numbers of | Chi-square test The presence of root caries was These results indicate
etal, 2006 | Niigata City, years | depth (pPD) root surface | Mann-Whitney | examined in 356 subjects with gingival | that attachment loss is
(Japan) Japan Clinical decayed teeth U-test recession. The control group hada | associated with the
attachment (RDT) healthy periodontal status, and the | number of root caries.
level (CAL) Root surface exposed group had a rate of sites with
Average pocket | filled teeth >4 mm of attachment loss and a rate
depth (aPD) (RFT) of sites with >4 mm of pocket depth.
Root surface Untreated caries on root surfaces were
decayed and found in 23.0% of those individuals
filled teeth
(RDFT)
(Continued)
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Table 2. (Continued)

Author, year Participants
(country) Source of | Sample | Age
sample size
Vehkalahti Finnish 4777 >30
and Paunio, | population years
1994
(Finland)

Periodontal Root caries Statistical Results Conclusion
disease assessment analysis
evaluation
indexes
Gingival Root caries The method 0Odds Ratio” This study showed an
inflammation index used was to fita Women: association between
subgingival (RCI) logit model to Gingival inflammation: 3.4* root caries occurrence
plaque the data using a Pockets 4-6 mm: 2.9* and a subject’s
retention Glim3 computer Pockets > 6 mm: 3.2* periodontal state.

« CI: Confidence Interval

Men:

Gingival inflammation: 5.3*
Pockets 4-6 mm: 5.4*
Pockets > 6 mm: 9.3*

*: compared to subjects with healthy
periodontum
*: p<0.001

program.

« % DFT was included as the only independent variable in the ordered logistic regression analysis

« ©: Social economic status, sex, area, education level, and household income per capita were added to Model 1

« < Oral health-related behaviours such as smoking status, tooth brushing frequency, use of dental floss, use of a toothpick, alcohol consumption and diabetes were

added to Model 2

https://doi.org/10.1371/journal.pone.0285955.t1002

Vehkalahti and Paunio (1994) [38] found an association between the diseases in a study of
4777 individuals. Then, women with gingival inflammation presented 3.4 more chance of hav-
ing root caries than healthy women. Finally, Yu et al. (2021) [40] defined the relationship
between root caries and periodontal disease using ordinal logistic regression models. They dis-
covered a significant association between the diseases, with an OR of 1.40 and a 95 percent
confidence interval of 1.24-1.56.

According to Yu et al. (2021) study [40], sex is correlated to simultaneous root caries and
severe periodontal disease. There were 54.4% of women and 45.6% of men who had CAL < 3
mm. It was found that 45.1% of men and 54.9% of women had CAL < 4-5 mm. Only 31% of
women and 69% of men had CAL < 6mm. These results indicate that men have a higher sus-
ceptibility to have both diseases simultaneously. In Alqobaly et al. (2020) article [10], DMFT
was higher among females, whereas root caries was higher among males. Also, men had a 9.61
chance of having root caries and women had an 8.29 chance. According to the findings of Veh-
kalahti et al. (1994) [38], subgingival plaque retention was associated with a higher risk of root
caries among women (odds ratio 2.5) than it was among men (odds ratio 1.4). For women, the
odds ratio for developing root caries was 2.3, while for men it was 4.9.

Risk of bias assessment

Methodological quality of the eligible studies. Three studies presented a low risk of bias
[10, 38, 40] because they met all the criteria from the checklist. However, the other study dem-
onstrated a fair quality because they have not clearly defined inclusion criteria in the sample,
have not identified confounding factors, and have not described how to deal with it [39].

Table 3 shows more details about this methodological evaluation of eligible studies.

Evaluation of control statements for possible confounders and bias consideration. All
eligible studies had performed multivariate analysis and were selected to be critically
appraised. Two studies [38, 40] made a specific mention of the term “confounding.” Two stud-
ies [10, 38]) used the term “bias.” Two studies [38, 40] mentioned non-adjusted variables as

PLOS ONE | https://doi.org/10.1371/journal.pone.0285955 November 16, 2023
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Table 3. Quality assessment tool for observational cohort and cross-sectional studies.

CRITERIA

1. Was the research question or objective in this paper clearly stated?
2. Was the study population clearly specified and defined?
3. Was the participation rate of eligible persons at least 50%?

4. Were all the subjects selected or recruited from the same or similar populations
(including the same time period)? Were inclusion and exclusion criteria for being
in the study prespecified and applied uniformly to all participants?

5. Was a sample size justification, power description, or variance and effect
estimates provided?

6. For the analyses in this paper, were the exposure(s) of interest measured prior
to the outcome(s) being measured?

7. Was the timeframe sufficient so that one could reasonably expect to see an
association between exposure and outcome if it existed?

8. For exposures that can vary in amount or level, did the study examine different
levels of the exposure as related to the outcome (e.g., categories of exposure, or
exposure measured as continuous variable)?

9. Were the exposure measures (independent variables) clearly defined, valid,
reliable, and implemented consistently across all study participants?

10. Was the exposure(s) assessed more than once over time?

11. Were the outcome measures (dependent variables) clearly defined, valid,
reliable, and implemented consistently across all study participants?

12. Were the outcome assessors blinded to the exposure status of participants?
13. Was loss to follow-up after baseline 20% or less?

14. Were key potential confounding variables measured and adjusted statistically
for their impact on the relationship between exposure(s) and outcome(s)?

CD, cannot determine; NA, not applicable; NR, not reported.

https://doi.org/10.1371/journal.pone.0285955.t003

YUET ALQOBALY ET SAOTOME ET VEHKALAHTIL ET
AL., 2021 AL., 2020 AL., 2006 AL., 1994
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes No Yes No
Yes Yes No Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
No No No No
Yes Yes Yes Yes
No No No No
Na Na Na Na
Yes Yes No Yes

not measured: the number of periodontally diseased sites [38] and missing teeth due to caries
[40]. Two studies [10, 38] mentioned their results as possibly being affected by confounders,
and one study [40] mentioned it as probably. Only one study [38] stated the need for caution
in interpreting their results. Only one study [10] included limitations regarding confounders
in their conclusions. The results of the evaluation of control statements for possible confound-
ers and bias consideration are summarized in Table 4.

Assessment of confounding factors. A total of 56 variables were identified in selected
studies. There were 41 variables used in multivariate analysis to control possible confounders.
Three studies [38-40] performed sample stratification utilizing 11 variables. Only one study
[39] used a matching variable, “age.”

Seven confounding domains were identified in the selected studies: (1) sociodemographic and
socioeconomic; (2) behaviors; (3) dental; (4) periodontal; (5) microbiological; (6) salivary; and (7)
comorbidities. The confounding domains identified in each study are presented in Table 5.

The sociodemographic and socioeconomic domain was the most explored, with a total of
23 variables. In contrast, salivary and comorbidities domains were the least explored with one
variable in each: stimulated saliva flow and diabetes, respectively. Their description and exam-
ples of variables identified are shown in S2 Table in S1 File.

Data synthesis and meta-analysis

Only two studies [10, 40] were included in the meta-analysis. Saotome et al. (2006) [39] and
Vehkalahti and Paunio (1994) [38] did not standardize the data. Satome et al. (2006) report
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Table 4. Evaluation of control statements for possible confounders and bias consideration.

Section

Abstract and
Discussion

Question

Is the term “confounding” mentioned in Abstract or
Discussion?

Is the term “bias” used in Abstract or Discussion?

Is any specific mention about non-adjusted variables in
Abstract or Discussion?

Is there any mention about confounders affecting
results in Abstract or Discussion?

Is there any statement about the need for caution in
interpretating the results?

Conclusion Does Conclusion include any limitation about

confounders?

https://doi.org/10.1371/journal.pone.0285955.t1004

Possible answers with explanation

Specific: if authors used the exact term “confounding”.
Alluded: if authors used a similar term or phrase.

No: if the authors used neither the exact nor similar term.

Yes: if authors used the term “bias”.
No: if authors did not use this term.

Yes: if there was specific mention about non-adjusted variables with no reasons
presented.

Not measured: if there was specific mention about non-adjusted variable not
being measured.

Other reasons: if there was specific mention about non-adjust variables and
with plausible reasons for not adjusting them.

No reasons: if there was specific mention about non-adjusted variables and
with implausible reasons for not adjusting them.

No: if there was no mention about any non-adjusted variable.

Likely: if authors used terms such as “likely” or convincing statements that
confounders were not controlled.

Possibly: if authors used terms such as “possibly” or unsure statements that
confounders were or were not controlled.

Unlikely: if authors used terms such as “unlikely” or convincing statements
that confounders were controlled.

No mention: if there was no mention about this possibility.

Yes: if there was explicit mention about the need for caution in interpretating
the results obtained in the study.

No mention: if there was no mention about this need for caution.

Yes: if there was a mention about this limitation.

No: if there was no mention about this limitation.

(50%)

(25%)

(50%)

(25%)

(25%)

(75%)

(25%)

(75%)

root caries though surface index and Vehkalahti and Paunio (1994) evaluated periodontal dis-
ease through gingival inflammation and subgingival plaque retention.

Adults with root caries (n = 3677) had a greater chance to present periodontal disease than
control adults (without root caries, n = 3987) OR 1.38 [1.25 to 1.53] p<0.001, ?=0% (Fig 2).

Table 5. Confounding domains identified in selected studies.

Author, year Confounding domains
Sociodemographic and socioeconomic | Behaviors | Dental | Periodontal | Microbiological | Salivary | Comorbidities
Yuetal, 2021 X X X X - - X
AlQobaly and Sabbah, 2020 X X X X - - -
Saotome et al., 2006 X X X X X X -
Vehkalahti and Paunio, 1994 X - X b - - -
‘x’—identified in the study; ‘~"—not identified in the study.
https://doi.org/10.1371/journal.pone.0285955.t005
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] ~ SE Weight IV, Random, 95% Cl IV, Random, 95% CI
AlQobaly and Sabbah, 2019 0.2841 0.0955 29.6% 1.33[1.10, 1.60] &
Yu etal. 2021 0.3365 0.0619 70.4% 1.40(1.24, 1.58] !
Total (95% Cl) 100.0% 1.38 [1.25, 1.53] 2
TR 2 - . 2 - - - 12 =09 L L 1 ]
Heterogeneity: Tau? = 0.00; Chi? = 0.21, df = 1 (P = 0.65); I> = 0% '02 0f5 1 é 5'

Test for overall effect: Z=6.18 (P <0.00001)

Fig 2. Forest plot of the association between root caries and periodontal disease (CALoss).

https://doi.org/10.1371/journal.pone.0285955.9g002

Control Periodontal disease

Certainty of evidence

The outcome analyzed by both studies included in the meta-analysis showed low certainty of
evidence. The assessment of the certainty of evidence summary is presented in Table 6.

Discussion

This systematic review assessed the association between periodontal disease and root caries.
The presence of association is demonstrated by the qualitative synthesis and the meta-analysis,
which found that those with periodontal disease had a 38% more chance of presenting root
caries. Furthermore, the certainty of the evidence analysis indicates a low level of evidence,
which is expected for observational studies. Although the studies used correlation analysis, the
results did not include covariates or indicate which teeth groups were most affected.

The relevance of investigating the association between periodontal disease and root caries is
because some periodontal diseases, such as periodontitis, can lead to the occurrence of gingival
recession and exposure of root surfaces to the aerobic microbiota of the mouth, which may
favor cariogenic bacterial growth [10]. Because root surfaces are more susceptible to caries
than the enamel on coronal surfaces, this phenomenon can be used to explain the role of peri-
odontitis in the development of root caries [41]. Moreover, periodontal disease and caries have
some disease-modifying factors in common, such as age, brushing frequency, flossing, socio-
economic status, eating habits, smoking status, and others [42, 43].

Periodontal disease and root caries have been shown in the literature to have a positive rela-
tionship with age [41, 44]. Thus, it is essential to emphasize that the most prevalent periodontal
disease in the elderly is periodontitis, due to biofilm accumulation mainly in the teeth’ cervical
region that decreases the quality of supporting tissues [45]. Considering the lower degree of
mineralization of cementum in relation to enamel in old age, coupled with the accumulation
of subgingival biofilm, there is a significant possibility of the occurrence of root caries when
there is dysbiosis of oral microorganisms [45].

Table 6. Certainty of evidence assessed by GRADE tool.

Ne of studies Study

2 observational studies

Certainty assessment Ne of patients Effect Certainty
Risk of | Inconsistency | Indirectness | Imprecision Other Periodontal Control Relative
bias considerations disease (95% CI)

Root caries

not not serious not serious | not serious none 3677 3987 OR 1.38 (1.25 to ®p0O0
serious 1.53) Low

CI: confidence interval; OR: odds ratio.

https://doi.org/10.1371/journal.pone.0285955.t006
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These observations are in accordance with the results of AlQobaly and Sabbah (2020) [10],
which found that root caries was more prevalent among the 55 and older age group. Moreover,
according to binomial regression, the study found that adults aged 35-44 years had a 34% risk
of presenting an association between root caries and periodontal disease, while adults aged 55
years or older had a 62% chance. The article by Saotome, et al. (2006) [39] investigated individ-
uals with 75 years. They identified a positive correlation between root caries and average
attachment loss, rate of sites with >4 mm of attachment loss, and rate of sites with >4 mm of
pocket depth.

Another modifying factor of root caries and periodontal disease is oral hygiene habits,
which, if maintained, would reduce the occurrence of both diseases. Yu et al. (2021) [40] used
oral health-related behaviors as a covariate, considering the frequency of tooth brushing and
flossing. Patients who did not maintain these habits had a clinical attachment loss of 4-6mm or
more. This analysis was associated with root caries indirectly because patients with these clini-
cal attachment loss values had a higher rate of root caries than patients with CAL less than
4mm [40]. Furthermore, AlQobaly and Sabbah (2020) [10] discovered a link between root car-
ies and periodontal disease in patients who brushed their teeth only once a day or did not
brush at all. Saotome et al. (2006) [39], on the other hand, confirmed the relationship between
tooth brushing and flossing only in the presence of root caries, and Vehkkalahti and Paunio
(1994) [38] did not investigate whether oral hygiene influenced the association between caries
and root disease.

It is important to note that all articles included in the systematic review cannot address cau-
sality because they are cross-sectional studies. However, it is well known that poor oral hygiene
is one of the multifactorial causes of both periodontal disease and root caries [42, 43]. Given
the advanced age of the researched patients and the poor oral hygiene observed in the studies,
it emphasizes the need of oral health prevention for the elderly, mainly because they are predis-
posed to acquire systemic disorders [46].

Although all studies assessed the association between periodontal disease and root caries by
correlation or regression, only two used confounding variables to adjust the results [10, 38].
Interestingly, the study by Vehkalahti and Paunio (1994) was not included in the meta-analy-
sis, just like Saotome et al. (2006) research. One of the reasons is that, since they were pub-
lished more than fifteen years ago, the groups and disease analyses were not standardized
concerning caries and periodontal disease diagnosis. As a result, the methodologies of these
studies varied significantly.

The most recent periodontitis classification is based on severity levels defined by clinical inter-
dental loss, radiographic bone loss and tooth loss, complexity, extent, and distribution [5].
Regarding root caries, Ismail et al. (2015) [47] projected a classification indicated by codes rang-
ing from 0 to 2, considering the presence of cavitation and lesion activity. A discolored area on
the root surface could be used to determine whether or not the root caries lesion is active [47].
For instance, the research from Yu et al. (2021) and AlQobaly and Sabbah (2020) examined peri-
odontal disease considering the updated disease classification. In terms of root caries, they did
not adhere to the ICCMS protocol but instead employed the same clinical evaluation as Decayed
and Filled Teeth (DFT). Due to this standardization, both were included in the meta-analysis.

There was a high proportion of adjustment variables (41/56), indicating a very good statisti-
cal control of identified confounders. The multivariate analysis considers multiple known con-
founders that can statistically reinforce the results’ validity of observational studies [48].
However, it does not compensate for the unexplored confounding domains and does not erase
the imbalance of techniques in sample selection.

Regarding the methodology quality, the only fair quality study [39] had risk of bias for its
sample selection and possible confounders, respectively due to lack of inclusion criteria and
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lack of proper confounders’ acknowledgment. Although Saotome et al., 2006 [39] considered
more confounding domains than the other eligible studies, the possible confounders within
each domain and bias consideration were not adequately recognized as shown in Table 3. This
represents a limitation of the study, because the data interpretation may be carelessly
overestimated.

As for the most explored confounding domains, some eligible studies have shown interest-
ing positive results for participants who were men [10, 38, 40] and older than 55 years old [10],
as well as the ones with poor oral hygiene habits [10, 38, 39]. These variables may be connected
by sociocultural reasons, such as women generally being more interested and active regarding
their health-related education and habits, but not in an exclusive way, so both men and
women can present poor oral hygiene habits and, therefore, periodontitis and root caries.
Also, age is frequently related to various comorbidities, physical or coordination limitation,
and changes in the daily routine habits, which may impact elderly patients’ oral hygiene and
lead to the development of oral diseases. However, these cause-and-effect theories are not pos-
sible to be completely assumed based on the cross-sectional studies of this systematic review.

Detailing the least explored domains, Saotome et al., 2006 [39] uncovered two important
confounding domains that were not considered in any other eligible study and are consecrated
as related to caries multifactorial etiology: the microbiological and salivary domains. As stated
before, it does not compensate the flaws of the study, but it is essential to state that the results
are not invalid or negligible and highlight variables to be considered in further studies. Also
nearly unexplored, the comorbidities domain acknowledged only by Yu et al., 2021 [40] has a
valuable confounder to be studied and it is widely related to periodontal disease: diabetes.
Therefore, future studies should be designed considering the known confounders and also the
underestimated ones to better understand this association between periodontal disease and
root caries.

The level of evidence remained low because there was no representativeness of participants
in the included studies and, therefore, a low weight. Still, it is recommended that more atten-
tion be provided to individuals who present both root caries and periodontal disease, especially
elderly patients. It is suggested that more preventive activities be carried out in the middle-
aged to the older population and also that clinical trials be conducted to see if early treatment
of root caries prevents the onset of periodontal disease; or whether periodontal therapy would
minimize the appearance of root caries since both are associated, with no causative factor
involved.

Therefore, some strengths of this study should be highlighted. This systematic review is a
pioneer in approaching this theme. In addition, it followed strict criteria, always in accordance
with the most current specific guidelines, and carried out a comprehensive individual critical
analysis of eligible studies.

Nevertheless, some relevant limitations were found in the eligible studies. Due to their
observational study design, they do not allow causality inference [21], not permitting identify-
ing which pathology would be most influential in developing the other. In addition, of the four
selected studies, only one was carried out in older patients and the other three in a very wide
age range. This is another limitation of this systematic review, since age may be an important
modulator of health status and studies that better investigate this association at different ages
are still necessary. In general, few confounders were acknowledged, and three identified
domains were poorly explored by selected studies. This lack of proper acknowledgment of pos-
sible confounders is in support with other studies [23]. However, it should be improved in fur-
ther studies because it represents a very high possibility of unknown or underestimated
confounders to be affecting the results.
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In conclusion, our study provides evidence of an association between root caries and peri-
odontal disease. However, we acknowledge that this topic is complex and multifaceted, and
there are varying perspectives and among researchers and clinicians regarding the relationship
between these two conditions. Some may argue that the observed association is confounded by
common risk factors, such as age, diet, and oral hygiene, or that the studies included in our
analysis were subject to biases and limitations. Others may suggest alternative explanations or
mechanisms for the observed association, such as microbial interactions or host immune
response. We therefore encourage readers to consider these different perspectives and draw
their own conclusions based on the available evidence. Further research is needed to elucidate
the underlying mechanisms and establish a temporal relationship between the events of this
association, as well as to explore potential preventive and therapeutic strategies for these preva-
lent oral diseases.

Conclusions

Within limits presented in this review, it is concluded that there was a positive association
between periodontal disease and root caries, which was highlighted in the qualitative synthesis
and in the result of the meta-analysis.

Supporting information

S1 Checklist. PRISMA 2020 checklist.
(DOCX)

S1 File.
(DOCX)

Acknowledgments

The authors thank the Federal University of Para, Federal University of Rio de Janeiro, Univer-
sity of Alberta, and Federal University of Uberlandia for technical and scientific support. We
also acknowledge Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPq)
and Pro-Reitoria de Pesquisa e Pés-graduagio from Federal University of Para (PROPESP-
UFPA).

Registration protocol: https://doi.org/10.17605/OSF.IO/R97HY

Author Contributions

Conceptualization: Rayssa Maité Farias Nazario, Deborah Ribeiro Frazdo, Rafael Rodrigues
Lima.

Data curation: Rafael Rodrigues Lima.

Formal analysis: Maria Karolina Martins Ferreira, Railson de Oliveira Ferreira, Marcela Bar-
auna Magno, Nathalia Carolina Fernandes Fagundes, Maria Tereza Campos Vidigal, Luiz
Renato Paranhos, Lucianne Cople Maia, Rafael Rodrigues Lima.

Funding acquisition: Rafael Rodrigues Lima.

Investigation: Rayssa Maité Farias Nazario, Deborah Ribeiro Frazio, Beatriz Rodrigues
Risuenho Peinado, Maria Karolina Martins Ferreira, Railson de Oliveira Ferreira, Marcela
Barauina Magno, Nathalia Carolina Fernandes Fagundes, Maria Tereza Campos Vidigal,
Rafael Rodrigues Lima.

PLOS ONE | https://doi.org/10.1371/journal.pone.0285955 November 16, 2023 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0285955.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0285955.s002
https://doi.org/10.17605/OSF.IO/R97HY
https://doi.org/10.1371/journal.pone.0285955

PLOS ONE

Association between periodontal disease and root caries

Methodology: Rayssa Maité Farias Nazario, Deborah Ribeiro Frazio, Beatriz Rodrigues
Risuenho Peinado, Maria Karolina Martins Ferreira, Railson de Oliveira Ferreira, Marcela
Baratna Magno, Nathalia Carolina Fernandes Fagundes, Maria Tereza Campos Vidigal,
Rafael Rodrigues Lima.

Project administration: Rafael Rodrigues Lima.
Resources: Rafael Rodrigues Lima.

Software: Rafael Rodrigues Lima.

Supervision: Rafael Rodrigues Lima.

Validation: Maria Karolina Martins Ferreira, Railson de Oliveira Ferreira, Marcela Barauna
Magno, Nathalia Carolina Fernandes Fagundes, Maria Tereza Campos Vidigal, Luiz Renato
Paranhos, Lucianne Cople Maia, Rafael Rodrigues Lima.

Visualization: Luiz Renato Paranhos, Lucianne Cople Maia, Rafael Rodrigues Lima.
Writing - original draft: Rayssa Maité Farias Nazario, Deborah Ribeiro Frazio.

Writing - review & editing: Luiz Renato Paranhos, Lucianne Cople Maia, Rafael Rodrigues
Lima.

References

1. Lang NP, Bartold PM. Periodontal health. J Periodontol. 2018; 89 Suppl 1: S9-S16. https://doi.org/10.
1002/JPER.16-0517 PMID: 29926938

2. Brecx MC, Schlegel K, Gehr P, Lang NP. Comparison between histological and clinical parameters dur-
ing human experimental gingivitis. J Periodontal Res. 1987; 22: 50-57. https://doi.org/10.1111/j.1600-
0765.1987.tb01539.x PMID: 2950227

3. Nazir MA. Prevalence of periodontal disease, its association with systemic diseases and prevention. Int
J Health Sci (Qassim). 2017; 1: 72-80. PMID: 28539867

4. Kodnoénen E, Gursoy M, Gursoy UK. Periodontitis: A Multifaceted Disease of Tooth-Supporting Tissues.
J Clin Med. 2019;8. https://doi.org/10.3390/JCM8081135 PMID: 31370168

5. Papapanou PN, Sanz M, Buduneli N, Dietrich T, Feres M, Fine DH, et al. Periodontitis: Consensus
report of workgroup 2 of the 2017 World Workshop on the Classification of Periodontal and Peri-Implant
Diseases and Conditions. J Periodontol. 2018; 89 Suppl 1: S173-S182. https://doi.org/10.1002/JPER.
17-0721 PMID: 29926951

6. Meusel DRDZ, Ramacciato JC, Motta RHL, Brito Junior RB, Flério FM. Impact of the severity of chronic
periodontal disease on quality of life. J Oral Sci. 2015; 57: 87-94. https://doi.org/10.2334/josnusd.57.87
PMID: 26062856

7. Aimetti M, Perotto S, Castiglione A, Mariani GM, Ferrarotti F, Romano F. Prevalence of periodontitis in
an adult population from an urban area in North Italy: findings from a cross-sectional population-based
epidemiological survey. J Clin Periodontol. 2015; 42: 622—631. https://doi.org/10.1111/jcpe.12420
PMID: 25970460

8. CaiJ, Palamara JEA, Manton DJ, Burrow MF. Status and progress of treatment methods for root caries
in the last decade: a literature review. Aust Dent J. 2018; 63: 34—54. https://doi.org/10.1111/adj.12550
PMID: 28833210

9. Heasman PA, Ritchie M, Asuni A, Gavillet E, Simonsen JL, Nyvad B. Gingival recession and root caries
in the ageing population: a critical evaluation of treatments. J Clin Periodontol. 2017; 44 Suppl 18:
S178-S193. https://doi.org/10.1111/jcpe. 12676 PMID: 28266119

10. AlQobaly L, Sabbah W. The association between periodontal disease and root/coronal caries. Int J
Dent Hyg. 2020; 18: 99-106. https://doi.org/10.1111/idh.12422 PMID: 31627259

11. Parolo CCF, Maltz M. Microbial contamination of noncavitated caries lesions: a scanning electron
microscopic study. Caries Res. 2006; 40: 536-541. https://doi.org/10.1159/000095654 PMID:
17063026

12. Marsh PD. Microbiology of dental plaque biofilms and their role in oral health and caries. Dent Clin
North Am. 2010; 54: 441-454. https://doi.org/10.1016/j.cden.2010.03.002 PMID: 20630188

PLOS ONE | https://doi.org/10.1371/journal.pone.0285955 November 16, 2023 15/17


https://doi.org/10.1002/JPER.16-0517
https://doi.org/10.1002/JPER.16-0517
http://www.ncbi.nlm.nih.gov/pubmed/29926938
https://doi.org/10.1111/j.1600-0765.1987.tb01539.x
https://doi.org/10.1111/j.1600-0765.1987.tb01539.x
http://www.ncbi.nlm.nih.gov/pubmed/2950227
http://www.ncbi.nlm.nih.gov/pubmed/28539867
https://doi.org/10.3390/JCM8081135
http://www.ncbi.nlm.nih.gov/pubmed/31370168
https://doi.org/10.1002/JPER.17-0721
https://doi.org/10.1002/JPER.17-0721
http://www.ncbi.nlm.nih.gov/pubmed/29926951
https://doi.org/10.2334/josnusd.57.87
http://www.ncbi.nlm.nih.gov/pubmed/26062856
https://doi.org/10.1111/jcpe.12420
http://www.ncbi.nlm.nih.gov/pubmed/25970460
https://doi.org/10.1111/adj.12550
http://www.ncbi.nlm.nih.gov/pubmed/28833210
https://doi.org/10.1111/jcpe.12676
http://www.ncbi.nlm.nih.gov/pubmed/28266119
https://doi.org/10.1111/idh.12422
http://www.ncbi.nlm.nih.gov/pubmed/31627259
https://doi.org/10.1159/000095654
http://www.ncbi.nlm.nih.gov/pubmed/17063026
https://doi.org/10.1016/j.cden.2010.03.002
http://www.ncbi.nlm.nih.gov/pubmed/20630188
https://doi.org/10.1371/journal.pone.0285955

PLOS ONE

Association between periodontal disease and root caries

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Zhang YZ, Ran LY, Li CY, Chen XL. Diversity, structures, and collagen-degrading mechanisms of bac-
terial collagenolytic proteases. Appl Environ Microbiol. 2015; 81: 6098—6107. https://doi.org/10.1128/
AEM.00883-15 PMID: 26150451

Sanz M, Beighton D, Curtis MA, Cury JA, Dige |, Dommisch H, et al. Role of microbial biofilms in the
maintenance of oral health and in the development of dental caries and periodontal diseases. Consen-
sus report of group 1 of the Joint EFP/ORCA workshop on the boundaries between caries and periodon-
tal disease. J Clin Periodontol. 2017; 44: S5-S11. https://doi.org/10.1111/jcpe. 12682 PMID: 28266109

Rodrigues JA, Lussi A, Seemann R, Neuhaus KW. Prevention of crown and root caries in adults. Peri-
odontol 2000. 2011; 55: 231-249. https://doi.org/10.1111/j.1600-0757.2010.00381.x PMID: 21134238

Pitts NB, Ekstrand K. International Caries Detection and Assessment System (ICDAS) and its Interna-
tional Caries Classification and Management System (ICCMS)—methods for staging of the caries pro-
cess and enabling dentists to manage caries. Community Dent Oral Epidemiol. 2013;41. https://doi.org/
10.1111/cdoe.12025 PMID: 24916677

Gavriilidou NN, Belibasakis GN. Root caries: the intersection between periodontal disease and dental
caries in the course of ageing. Br Dent J. 2019; 227: 1063-1067. https://doi.org/10.1038/s41415-019-
0973-4 PMID: 31873267

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Revista Espanola de
Nutricion Humana y Dietetica. 2016; 20: 148—160. https://doi.org/10.1186/2046-4053-4-1/TABLES/4

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020
statement: An updated guideline for reporting systematic reviews. PLoS Med. 2021; 18: 1-15. https://
doi.org/10.1371/JOURNAL.PMED.1003583 PMID: 33780438

Aromataris E, Munn Z. JBI Manual for Evidence Synthesis. JBI Manual for Evidence Synthesis. JBI;
2020. https://doi.org/10.46658/JBIMES-20-01

Dekkers OM, Vandenbroucke JP, Cevallos M, Renehan AG, Altman DG, Egger M. COSMOS-E: Guid-
ance on conducting systematic reviews and meta-analyses of observational studies of etiology. PLoS
Med. 2019; 16: €1002742. https://doi.org/10.1371/journal.pmed.1002742 PMID: 30789892

National Institutes of Health. Quality Assessment Tool for Observational Cohort and Cross-Sectional
Studies. In: National Institutes of Health [Internet]. 2021 [cited 16 Feb 2023]. Available: https://www.
nhlbi.nih.gov/health-topics/study-quality-assessment-tools

Hemkens LG, Ewald H, Naudet F, Ladanie A, Shaw JG, Sajeev G, et al. Interpretation of epidemiologic
studies very often lacked adequate consideration of confounding. J Clin Epidemiol. 2018; 93: 94—102.
https://doi.org/10.1016/j.jclinepi.2017.09.013 PMID: 28943377

Wallach JD, Serghiou S, Chu L, Egilman AC, Vasiliou V, Ross JS, et al. Evaluation of confounding in
epidemiologic studies assessing alcohol consumption on the risk of ischemic heart disease. [cited 5
Dec 2022]. https://doi.org/10.1186/s12874-020-0914-6

Borenstein M, Hedges L v, Higgins JPT, Rothstein HR. Introduction to Meta-Analysis. John Wiley &
Sons, Ltd.; 2009. Available: https://www.agropustaka.id/wp-content/uploads/2020/04/agropustaka.id_
buku_Introduction-to-Meta-Analysis.pdf

Higgins J, Thomas J. Cochrane Handbook for Systematic Reviews of Interventions | Cochrane Training.
Oxford: The Cochrane Collaboration; 2022. Available: https://training.cochrane.org/handbook/current

Guyatt GH, Oxman AD, Sultan S, Glasziou P, Akl EA, Alonso-Coello P, et al. GRADE guidelines: 9. Rat-
ing up the quality of evidence. J Clin Epidemiol. 2011; 64: 1311-1316. https://doi.org/10.1016/j.jclinepi.
2011.06.004 PMID: 21802902

Ravald N, Hamp S-E. Prediction of root surface caries in patients treated for advanced periodontal dis-
ease. Journal of Clinical Periodomology. 1981; 8: 400—414. https://doi.org/10.1111/j.1600-051x.1981.
tb00889.x PMID: 7037864

Reiker J, van der Velden U, Barendregt DS, Loos BG. A cross-sectional study into the prevalence of
root caries in periodontal mainrenance patients. J Clin Periodontol. 1999; 26: 26-32.

MENEGHIM M de C, PEREIRA ACSILVA FRB. Prevalence of root caries and periodontal conditions in
an elderlyinstitutionalized population from Piracicaba—SP. Pesqui Odontol Bras. 2002; 16: 50-56.

Mack F, Mojon P, Budtz-Jgrgensen E, Kocher T, Splieth C, Schwahn C, et al. Caries and periodontal
disease of the elderly in Pomerania, Germany: results of the Study of Health in Pomerania. Gerodontol-
ogy. 2004; 21: 27—-36. https://doi.org/10.1046/j.1741-2358.2003.00001.x PMID: 15074537

Camargo G, Silva CO. Periodontal health status and prevalence of root caries in Brazilian adults of Ara-
caju city Periodontal surgery and soft tissue regeneration View project. 2010. Available: http://www.
academicjournals.org/JDOH

PLOS ONE | https://doi.org/10.1371/journal.pone.0285955 November 16, 2023 16/17


https://doi.org/10.1128/AEM.00883-15
https://doi.org/10.1128/AEM.00883-15
http://www.ncbi.nlm.nih.gov/pubmed/26150451
https://doi.org/10.1111/jcpe.12682
http://www.ncbi.nlm.nih.gov/pubmed/28266109
https://doi.org/10.1111/j.1600-0757.2010.00381.x
http://www.ncbi.nlm.nih.gov/pubmed/21134238
https://doi.org/10.1111/cdoe.12025
https://doi.org/10.1111/cdoe.12025
http://www.ncbi.nlm.nih.gov/pubmed/24916677
https://doi.org/10.1038/s41415-019-0973-4
https://doi.org/10.1038/s41415-019-0973-4
http://www.ncbi.nlm.nih.gov/pubmed/31873267
https://doi.org/10.1186/2046-4053-4-1/TABLES/4
https://doi.org/10.1371/JOURNAL.PMED.1003583
https://doi.org/10.1371/JOURNAL.PMED.1003583
http://www.ncbi.nlm.nih.gov/pubmed/33780438
https://doi.org/10.46658/JBIMES-20-01
https://doi.org/10.1371/journal.pmed.1002742
http://www.ncbi.nlm.nih.gov/pubmed/30789892
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://doi.org/10.1016/j.jclinepi.2017.09.013
http://www.ncbi.nlm.nih.gov/pubmed/28943377
https://doi.org/10.1186/s12874-020-0914-6
https://www.agropustaka.id/wp-content/uploads/2020/04/agropustaka.id_buku_Introduction-to-Meta-Analysis.pdf
https://www.agropustaka.id/wp-content/uploads/2020/04/agropustaka.id_buku_Introduction-to-Meta-Analysis.pdf
https://training.cochrane.org/handbook/current
https://doi.org/10.1016/j.jclinepi.2011.06.004
https://doi.org/10.1016/j.jclinepi.2011.06.004
http://www.ncbi.nlm.nih.gov/pubmed/21802902
https://doi.org/10.1111/j.1600-051x.1981.tb00889.x
https://doi.org/10.1111/j.1600-051x.1981.tb00889.x
http://www.ncbi.nlm.nih.gov/pubmed/7037864
https://doi.org/10.1046/j.1741-2358.2003.00001.x
http://www.ncbi.nlm.nih.gov/pubmed/15074537
http://www.academicjournals.org/JDOH
http://www.academicjournals.org/JDOH
https://doi.org/10.1371/journal.pone.0285955

PLOS ONE

Association between periodontal disease and root caries

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

Ravald N, Johansson CS. Tooth loss in periodontally treated patients. A long-term study of periodontal
disease and root caries. J Clin Periodontol. 2012; 39: 73-79. https://doi.org/10.1111/j.1600-051X.2011.
01811.x PMID: 22093022

Otani N, Hamasaki T, Soh |, Yoshida A, Awano S, Ansai T, et al. Relationship between root caries and
alveolar bone loss in the first wet-rice agriculturalists of the Yayoi period in Japan. Arch Oral Biol. 2009;
54:192-200. https://doi.org/10.1016/j.archoralbio.2008.09.010 PMID: 18976743

Fadel H, al Hamdan K, Rhbeini Y, Heijl L, Birkhed D. Root caries and risk profiles using the Cariogram
in different periodontal disease severity groups. http://dx.doi.org/103109/000163572010538718.
2011;69: 118—124. https://doi.org/10.3109/00016357.2010.538718

Heinrich R, Kiinzel W, Heinrich J. [Tooth health and periodontal condition in adults with and without root
caries]. Oralprophylaxe. 1991; 13: 126—132. Available: https://pubmed.ncbi.nlm.nih.gov/1818602/

DePaola PF, Soparkar PM, Tavares M, Kent RL. The Clinical Profiles of Individuals With and Without
Root Surface Caries1. Gerodontology. 1989; 8: 9-15. https://doi.org/10.1111/J.1741-2358.1989.
TB00396.X PMID: 2640454

Vehkalahti M, Paunio |. Association between Root Caries Occurrenceand Periodontal State. Caries
Res. 1994; 28: 301-306. https://doi.org/10.1159/000261990 PMID: 8069889

Saotome Y, Tada A, Hanada N, Yoshihara A, Uematsu H, Miyazaki H, et al. Relationship of cariogenic
bacteria levels with periodontal status and root surface caries in elderly Japanese. Gerodontology.
2006; 23: 219-225. https://doi.org/10.1111/.1741-2358.2006.00127.x PMID: 17105503

Yu LX, Wang X, Feng XP, Tai BJ, Hu DY, Wang B, et al. The relationship between different types of car-
ies and periodontal disease severity in middle-aged and elderly people: findings from the 4th National
Oral Health Survey of China. BMC Oral Health. 2021;21. https://doi.org/10.1186/s12903-021-01585-1
PMID: 33941169

Lépez R, Smith PC, Géstemeyer G, Schwendicke F. Ageing, dental caries and periodontal diseases. J
Clin Periodontol. 2017; 44 Suppl 18: S145-S152. https://doi.org/10.1111/jcpe.12683 PMID: 28266118

Duke A, Maclnnes A. What are the main factors associated with root caries? Evidence-Based Dentistry
2021 22:1.2021; 22: 16-17. https://doi.org/10.1038/s41432-021-0148-4 PMID: 33772123

Kinane DF, Peterson M, Stathopoulou PG. Environmental and other modifying factors of the periodontal
diseases. Periodontol 2000. 2006; 40: 107—119. https://doi.org/10.1111/j.1600-0757.2005.00136.x
PMID: 16398688

Bignozzil, Crea A, Capri D, Littarru C, Lajolo C, Tatakis DN. Root caries: a periodontal perspective. J
Periodontal Res. 2014; 49: 143—-163. https://doi.org/10.1111/jre.12094 PMID: 23647556

AlQranei MS, Balhaddad AA, Melo MAS. The burden of root caries: Updated perspectives and
advances on management strategies. Gerodontology. 2021; 38: 136—153. https://doi.org/10.1111/ger.
12511 PMID: 33236462

Delwel S, Binnekade TT, Perez RSGM, Hertogh CMPM, Scherder EJA, Lobbezoo F. Oral hygiene and
oral health in older people with dementia: a comprehensive review with focus on oral soft tissues. Clin
Oral Investig. 2018; 22: 93—108. https://doi.org/10.1007/s00784-017-2264-2 PMID: 29143189

Ismail Al, Pitts NB, Tellez M, Banerjee A, Deery C, Douglas G, et al. The International Caries Classifica-
tion and Management System (ICCMS™) An Example of a Caries Management Pathway. BMC Oral
Health. 2015; 15 Suppl 1. https://doi.org/10.1186/1472-6831-15-S1-S9 PMID: 26391116

Carlson MDA, Morrison RS. Study design, precision, and validity in observational studies. J Palliat Med.
2009; 12: 77-82. https://doi.org/10.1089/jpm.2008.9690 PMID: 19284267

PLOS ONE | https://doi.org/10.1371/journal.pone.0285955 November 16, 2023 17/17


https://doi.org/10.1111/j.1600-051X.2011.01811.x
https://doi.org/10.1111/j.1600-051X.2011.01811.x
http://www.ncbi.nlm.nih.gov/pubmed/22093022
https://doi.org/10.1016/j.archoralbio.2008.09.010
http://www.ncbi.nlm.nih.gov/pubmed/18976743
http://dx.doi.org/103109/000163572010538718
https://doi.org/10.3109/00016357.2010.538718
https://pubmed.ncbi.nlm.nih.gov/1818602/
https://doi.org/10.1111/J.1741-2358.1989.TB00396.X
https://doi.org/10.1111/J.1741-2358.1989.TB00396.X
http://www.ncbi.nlm.nih.gov/pubmed/2640454
https://doi.org/10.1159/000261990
http://www.ncbi.nlm.nih.gov/pubmed/8069889
https://doi.org/10.1111/j.1741-2358.2006.00127.x
http://www.ncbi.nlm.nih.gov/pubmed/17105503
https://doi.org/10.1186/s12903-021-01585-1
http://www.ncbi.nlm.nih.gov/pubmed/33941169
https://doi.org/10.1111/jcpe.12683
http://www.ncbi.nlm.nih.gov/pubmed/28266118
https://doi.org/10.1038/s41432-021-0148-4
http://www.ncbi.nlm.nih.gov/pubmed/33772123
https://doi.org/10.1111/j.1600-0757.2005.00136.x
http://www.ncbi.nlm.nih.gov/pubmed/16398688
https://doi.org/10.1111/jre.12094
http://www.ncbi.nlm.nih.gov/pubmed/23647556
https://doi.org/10.1111/ger.12511
https://doi.org/10.1111/ger.12511
http://www.ncbi.nlm.nih.gov/pubmed/33236462
https://doi.org/10.1007/s00784-017-2264-2
http://www.ncbi.nlm.nih.gov/pubmed/29143189
https://doi.org/10.1186/1472-6831-15-S1-S9
http://www.ncbi.nlm.nih.gov/pubmed/26391116
https://doi.org/10.1089/jpm.2008.9690
http://www.ncbi.nlm.nih.gov/pubmed/19284267
https://doi.org/10.1371/journal.pone.0285955

