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Objectives: To identify the risk predictors of root caries and to describe their relationship with the incidence and
increment of root caries.

Data: Observational longitudinal studies.

Sources: Four electronic databases (PubMed, MEDLINE, EMBASE, and Scopus) (From 1 January 1990 to 31
January 2019).

Study selection: Information on the factors associated with the incidence or increment of decayed and filled root
surfaces (DF-root) and/or decayed root surfaces (D-root) were extracted by two reviewers independently. The
factors were put into six categories, namely social-demographic background, general health, health behaviors,
fluoride exposure, oral health habits and oral health condition. From the 440 potential papers identified, 19
papers reporting on 16 cohort studies were finally included. The total sample size was 7340 participants from
different countries worldwide, with age ranging from 20 to 100 years. Positive correlations between new root
caries and age, baseline root caries experience, gingival recession and use of tobacco were reported while ne-
gative correlations were found for socio-economic status, good oral hygiene and use of fluorides. Mixed findings
were detected for the association between new root caries and the number of natural teeth.

Conclusion: This systematic review discovered a number of root caries risk predictors in different categories.
People who are older, in lower socio-economic status or tobacco users, and those with more root caries ex-
perience, gingival recession and poor oral hygiene have higher risk of developing new root caries.

Clinical significance: This systematic review provides support that improvement of oral hygiene, prevention of

gingival recession, and use of fluoride would be useful strategy for prevention of new root caries.

1. Introduction

In most countries around the world, the number and proportion of
older adults is increasing [1]. With an increase in life expectancy and
increase in number of natural teeth among the older adults, recently
more attention has been paid on prevention of root caries [2]. It is
estimated that one-third of the geriatric population is subjected to root
caries [3]. The reported prevalence of root caries among the older
adults varies from 10% in Canada [4] to 71% in the U.S.A. [5]. The
latest national oral health survey conducted in China in 2015/16 re-
ported that 62% of the adults 65 to 74 years old had root caries [6].
Meanwhile, the reported annual increments of root caries vary from 0.3
in Canada [7] to 4.4 in the U.S.A. [8]. The reported incidence of root
caries also varies between studies, from a low incidence rate of 12%
over 10 years [9] to as high as 77% over 3 years [7]. Since people are
retaining more teeth and with the anticipated increase in root caries
over time, the management of this dental disease in older adults will
become an important dental public health issue because of the high

need for prevention and treatment [10,11].

Root caries usually presents as a soft decayed lesion in the dentine of
the root of a tooth. Often there is a cavity below the cementoenamel
junction. Diagnosis of root caries is usually based on visual-tactile ex-
amination of the exposed root surfaces, including the color, texture and
presence of cavitation [12,13]. Root caries results from the dissolution
of minerals in dentine by the acids produced by bacteria and the en-
zymatic degradation of organic components in dentine. Since dentine
have a much lower mineral content and a significant proportion of
organic component when compared to enamel, the risk factors asso-
ciated with the development of root caries and coronal caries may be
different.

Root caries is a multifactorial disease that can be prevented [2].
Various risk factors on root caries have been found in a recent sys-
tematic review of cross-sectional studies [14]. There were a number of
longitudinal cohort studies on root caries in different populations under
different study settings but so far there is no systematic review on the
risk predictors of new root caries. A high level of diversity in study
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design and data analysis were found in the papers on observational
studies published before the 1990s [15]. Moreover, root caries and
coronal caries were often not reported separately in these earlier stu-
dies. Thus, there is a need to conduct a systematic review of the rela-
tively recent longitudinal studies to summarize their study findings.

The aim of this systematic review was to identify the risk predictors
of new root caries and to describe their relationship with the incidence
and increment of new root caries. The study question was which
baseline factors are associated with the development of new root caries,
i.e. increase or decrease the risk of new root caries?

2. Materials and methods

This systematic review was conducted and reported in accordance
with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. The proposal was registered a priori at
the US National Institute for Health Research, International Prospective
Register of Systematic Reviews (PROSPERO, registration number: CRD
42018091883).

The databases that were searched electronically included MEDLINE,
EMBASE, PubMed and Scopus. Key words used in the search are pre-
sented in Appendix 1. These include “root caries”, “root decay”, “risk
factor”, “risk predictor”, “adult” and “elder”. The inclusion criteria
were as follows: 1) papers on longitudinal observational studies; 2)
reporting on at least one risk predictor of root caries; and 3) the pub-
lication date was between 1 January 1990 and 31 January 2019. The
exclusion criteria were: 1) studies on population with life-threatening
disease; and 2) studies with follow-up rate less than 50%. No language
restriction was set in the literature search. In addition, a manual search
was conducted on the reference list of the selected papers and review
articles. The papers were screened and relevant studies were identified
by two reviewers (JZ and DS) independently. When there was dis-
agreement, another researcher (MCMW) was consulted so as to achieve
consensus.

Methodological quality (risk of bias) of the included papers was
evaluated by adopting the modified Newcastle-Ottawa Scale for cohort
studies (maximum 8 stars) (Appendix 2) [16]. If all the criteria of
methodological quality were fulfilled in the domains, “stars” (*) were
assigned to the corresponding paper. Papers with 7 or more stars were
rated as high methodological quality, 4-6 stars as moderate quality, and
studies with fewer than 4 stars were classified as low quality [17].

Information on the following aspects of the background of the in-
cluded studies was extracted and presented in summary Tables 1) co-
hort location; 2) sample size; 3) sampling method; 4) factors studied; 5)
diagnostic criteria for root caries; and 6) measures of root caries. In-
formation on both the incidence and the increment of root caries was
recorded in pre-defined piloted forms. The relationships between the
studied factors and root caries revealed in the crude (unadjusted) and/
or adjusted analysis performed in the studies were also noted. Risk
predictors of root caries identified in the included studies were placed
under six categories, namely: 1) socio-demographic background; 2)
general health conditions; 3) general behaviors; 4) fluoride exposure; 5)
oral health related habits; and 6) oral health condition (e.g. clinical
parameters, oral microbiota and salivary parameters).

3. Results

A total of 868 potentially relevant records were identified through
database searching and 440 were left after removal of duplicates
(Fig. 1). After screening the titles and abstracts, 398 records were ex-
cluded due to the following reasons: cross-sectional studies (n = 107),
clinical trials (n = 10), review articles (n = 29) and no data on root
caries (n = 252). The remaining 42 papers, all published in English,
were retrieved for full-text reading. Among them, 23 papers did not
fulfill the inclusion criteria. Among the 19 papers included in the
methodological quality assessment, 4 were classified as high quality, 13
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as moderate quality and 2 as low (Appendix 3).

The 19 included papers, reporting on 16 cohort studies, were pub-
lished between 1992 and 2018. The locations of the cohort studies were
worldwide, including Australia, Brazil, U.S.A., Mexico, Finland, Sweden
and China. The total sample size at baseline was 7340 participants and
their age ranged from 20 to 100 years (Table 1). Random samples from
the community were taken in 7 studies, while non-probability sampling
was adopted in 8 studies and 1 study did not specify the sampling
method adopted.

As for the root caries diagnostic criteria, 1 of the 16 included studies
employed ICDAS II criteria [18], 3 studies followed the WHO criteria
[10,19,20], 10 studies used visual-tactile examination with a reference
cited while 2 studies did not specify the criteria.

Three studies reported both the incidence and the increment of root
surface caries [7,21-23], while 6 studies only reported the incidence
and 7 studies reported the increment. Seven studies only reported on
DF-root (decayed and filled root), 4 studies only reported on D-root
(untreated active root caries), while 5 studies reported on both DF-root
and D-root.

4. Risk predictors of root caries
4.1. Socio-demographic factors

Ten studies had assessed the correlation between DF-root and socio-
demographic factors (Table 2). Among the 7 studies that investigated
the association between age and DF-root, 2 studies found a positive
correlation in their crude analysis and 2 studies found this in their
adjusted analysis after accounting for the influence of confounding
factors. Among the 5 studies that investigated the association between
gender and root caries, only 1 study found a higher male predilection in
its crude data analysis while the other 4 studies did not find a statis-
tically significant correlation. Regarding ethnicity and race, 1 study
reported that Asians had the highest risk for developing new root caries
compared with Caucasians, African-Americans and the Hispanics [8],
while another study did not. One study reported that people who lived
in rural areas had more new DF-root in its crude and adjusted analysis
[24], while another study did not find a statistically significant re-
lationship [12]. Among the 5 studies that included education level, only
1 reported a negative correlation with the incidence of DF-root in its
adjusted analysis [25]. One study reported that people who had retired
had higher incidence of DF-root [22,23]. As for household income,
private dental insurance and marital status, no significant correlations
were detected between them and new DF-root.

Gender, living areas and education level showed the same direction
of association with D-root as that with DF-root (Appendix 4). There was
no consistent finding regarding age. Among the 4 studies that in-
vestigated the association between age and root caries incidence, 1
study reported a positive correlation [26], while another reported the
opposite [27]. Regarding ethnicity, 2 studies reported that African-
Americans had a higher incidence or increment of root caries than the
Whites [22,23,27]. Gilbert and co-workers reported that people with
lower household income had higher risk of new D-root [27], while
another study did not detect any statistically significant correlation
[12].

4.2. General health factors

Six studies assessed the correlation between DF-root and general
health factors (Table 2). Among the 3 studies assessing medication
factors, 2 pointed out that taking medicine increased the incidence of
DF-root [9,23]. Only 1 of the 4 studies reported that people with de-
creased self-care ability had a higher incidence of DF-root [23], while
the others did not [8,21,25]. In the 2 studies on cognitive status, 1
reported people with Alzheimer disease had a lower incidence of DF-
root in its adjusted analysis [25], while the other one did not [21]. In
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868 records identified through
database searching

Pubmed: 148

MEDLINE: 135

EMBASE: 170

Scopus: 415

Identification

Without duplications
(n=440)

Screening

Excluded based on titles and abstracts (n=398)

Selected for full-text reading
(n=42)

No information on root caries predictors: (n=16)

Eligibility

Eligible papers

Follow-up rate less than 50%: (n=7)

Included studies:

Included

(n=19)

n=16

Fig. 1. Flowchart of the study selection process.

addition, Lawrence and co-workers studied calcium intake and found a
negative correlation with the incidence of DF-root [23]. On the other
hand, there was no significant correlations between DF-root and the
other studied factors, including general systemic diseases, depression,
chemotherapy and/or radiotherapy and self-rated general health.
Regarding D-root, the same direction of correlation with medicine
intake as that with DF-root was detected (Appendix 4). Meanwhile,
both studies which assessed self-rated general health reported a nega-
tive correlation with the increment of root caries [7,27]. Besides, body
mass index showed no significant correlation with new root caries [20].

4.3. General health behavior

A positive correlation between the use of tobacco and new DF-root
or D-root was reported in 5 of the 7 studies. One study reported a ne-
gative correlation between DF-root and the frequency of carbohydrate
intake [9]. No significant correlations were found between new root
caries and the consumption of coffee, tea and salt [21].

4.4. Fluoride exposure

Only 1 study assessed the correlation between use of fluoride and
root caries [18]. Hayes and co-workers reported that people who
avoided fluoride product had the highest risk of developing new DF-
root, followed by people who used fluoride toothpaste daily, and the
lowest risk was people who used additional fluoride product occa-
sionally.

4.5. Oral health habits

Among the 3 studies that investigated tooth brushing frequency,
only 1 reported a negative correlation with DF-root increment [24].
Regarding frequency of interdental cleaning, Hariyani and co-workers
reported a negative correlation [12]. A positive correlation between the
frequency of snacking and root caries was reported in 1 study [18],
while another study did not [21]. Furthermore, Sanchez-Garcia et al.
found that people who regularly used mouthwash had lower incidence
of DF-root in both crude and adjusted analysis [21]. Among the 3

studies investigating dental visit frequency, only 1 study found that
people who visited dentist within a year had a higher increment of DF-
root [12].

In the studies using D-root in their analysis, same direction of cor-
relation with the frequency of tooth brushing and interdental cleaning
as that with DF-root was found. One study found people who had
regular dental visits had lower incidence and increment of D-root in its
crude analysis [7], while another study did not [27]. Besides, both of
the above 2 studies reported that people who visited dentist for solving
dental problems had higher incidence or increment of root caries,
compared with those who went for regular dental check-up. On the
other hand, no significant correlation between new root caries and re-
cency of dental visit was reported in 1 study [12].

4.6. Oral clinical parameters

There were 12 studies which assessed the correlations between DF-
root and various oral clinical parameters (Table 2). No consistent re-
lationship between new DF-root and the number of teeth was detected
because among the 4 studies including this factor, 2 reported a positive
[25,28], one reported a negative [9,29], while one did not report a clear
correlation [27]. Positive correlations between new root caries and
baseline root caries experience were found in all 6 studies
[7,21,23,28-30]. Three studies, in their adjusted analysis, found that
having more root surfaces with recession or more gingival recession at
baseline was associated with a higher incidence or increment of DF-root
[12,21,23]. Regarding oral hygiene or plaque on root surfaces, 4 of the
5 studies found a positive correlation [9,18,28,30]. One study reported
no significant correlation between gingivitis and DF-root increment
[12] while 2 other studies found no significant correlation between
attachment loss and new root caries [21,27]. Regarding denture
wearing, 2 of the 3 studies reported a positive correlation [7,23] while
1 study did not [24].

Regarding the correlation with D-root, same direction of association
as that of DF-root was found for the number of natural teeth, baseline
root caries experience and gingival recession (Appendix 4). Besides, 2
studies found the amount of attachment loss had a positive correlation
with the incidence of D-root [20,27]. Furthermore, 3 studies found a
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Table 2

Associations between the studied factors, and the incidence and the increment of decayed or filled root (DF-root) surfaces.

Journal of Dentistry 89 (2019) 103166

Associated factors Study Crude analysis Adjusted analysis Crude analysis (Increment) Adjusted analysis (Increment)
(Incidence) (Incidence)
Socio-demographic factors
i. Age
Hariyani 2018 X
Bidinotto 2018 X X
Sanchez-Garcia X X

ii. Gender

iii. Ethnicity/race

iv. Living region

v. Education level

vi. Household income

vii. Private dental insurance

viii. Retired

2011
Ellefsen 2009

Fure 2004 & 1998

Gilbert 2001

Powell 1998

Hariyani 2018
Bidinotto 2018
Sanchez-Garcia
2011

Powell 1998
Locker 1996

Powell 1998

Lawrence 1996 &
1995

Hariyani 2018
Bidinotto 2018

Hariyani 2018
Bidinotto 2018
Sanchez-Garcia
2011

Ellefsen 2009

Powell 1998

Hariyanie 2018
Bidinotto 2018

Hariyani 2018

Lawrence 1996 &
1995

At 2 years Incidence
45-64 years 2%
=65 years 9%

p <0.05
X
X
X
X

At 1 year RR [95% CI]
<80 years ref.

> 80 years 7.69 [1.55,
38.15]

X

At 3 years RR [95% CI]
Others ref

Asian 1.85 [1.16,2.95]
p=0.009

X

At 1 year RR [95% CI]
<7 years ref.
> 7 years 0.16 [0.03,
0.74]

X

Lawrence 1995: in
Whites

At 3 years RR [95% CI]
No ref.

Yes 3.17 [1.32, 7.61]

Fure 2004
DFRS % increment:
Age group:  5-yr

60/65 21=*44
70/75 45 =*6.8
80/85 6.0 = 4.4
p-value: < 0.05
Age group:  10-yr
60/65 9.4 £15.3
70/75 13.8 £17.7
80/85 25.0 + 21.3
p-value: < 0.05

X

At 3 years Mean (SD)
Male 0.77 (1.81)
Female 0.48 (1.05)

p < 0.05

incidence rate
(100 root-yr)
(mean = SD)
Urban 4.05 = 8.35
Rural 5.87 + 9.33
p=0.02

Fure 1998

Linear regression analysis: (5-yr)
Outcome: DMFRS % increment
Beta: 0.23; partial corr: 0.40
p=0.0001

X
At 4 years IRR [95% CI]
Urban ref.
Rural 1.69 [1.10-2.60]

(continued on next page)
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Associated factors Study Crude analysis Adjusted analysis Crude analysis (Increment) Adjusted analysis (Increment)
(Incidence) (Incidence)
ix. Marital status
Bidinotto 2018 X X
Sanchez-Garcia X X
2011
General health conditions
i. Systemic disease
Hayes 2017 X
ii. Medication intake
Sanchez-Garcia X X
2011
Fure 2004 & 1998 Fure 2004
At 10 years
Number of drugs/day:
Partial corr = 0.27
Beta = 1.76
Lawrence 1996 & Lawrence 1995: in
1995 Whites
At 3 years RR [95% CI]
No ref.
Yes 4.00 [1.45, 11.00]
iii. Chemotherapy/radiotherapy
Sanchez-Garcia X X
2011
iv. Self-care ability
Sanchez-Garcia X X
2011
Ellefsen 2009 X
Powell 1998 X
Lawrence 1996 & Lawrence 1995: in Black
1995
At 3 years RR [95% CI]
Not impaired ref.
Impaired 1.67 [1.12,
2.50]
v. Self-rated general health
Sanchez-Garcia X X
2011
Ellefsen 2009 X
vi. Cognitive deterioration
Sanchez-Garcia X X
2011
Ellefsen 2009 X At 1 year RR [95% CI]
No dementia ref.
Alzheimer 0.08 [0.01,
0.79]
Other dementia 1.01
[0.11, 9.56]
vii. Depression
Sanchez-Garcia X X
2011
viii. Calcium intake
Lawrence 1996 & Lawrence 1995: in
1995 Whites
At 3 years RR [95% CI]
Yes ref.
No 2.45 [1.08, 5.57]
General behaviors
i. Tobacco use
Hariyani 2018 X
Bidinotto 2018 X X
Sanchez-Garcia At 1 year RR [95% At 1 year RR [95% CI]
2011 CI]
No ref. No ref.
Yes 2.0 [1.1, 3.7] Yes 2.0 [1.1, 4.1]
Fure 2004 & 1998 Fure 2004
At 10 years

Powell 1998
Lock 1996

At 3 years Mean (SD)

No 0.47 (1.11)
Yes 0.75 (1.71)
p <0.05

Number of cigarettes/day
Partial corr. = 0.12
Beta = 0.37

(continued on next page)
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Table 2 (continued)

Associated factors Study Crude analysis Adjusted analysis Crude analysis (Increment) Adjusted analysis (Increment)
(Incidence) (Incidence)

ii. Coffee/tea consumption

Sanchez-Garcia X X
2011
iii. Carbohydrate consumption
Fure 2004 & 1998 Fure 2004
At 10 years
Number of carbohydrate intakes/
day:
Partial corr. = 0.05
Beta = -0.42
iv. Salt consumption
Sanchez-Garcia X X
2011
Fluoride exposure
Hayes 2017 At 2 years Mean (SD)
Max programme 0.00 (0.00)
Additional F 0.17 (0.67)
Daily F toothpaste 0.75 (1.54)
No F 3.07 (3.89)
p < 0.001
Oral health habits
i. Tooth brushing frequency
Hariyani 2018 X
Bidinotto 2018 incidence rate At 4 years IRR [95% CI]
(100 root-yr) > 1 time/day ref.
(mean * SD) =<1 time/day 1.94 [1.06, 3.54]
<1 time/day 7.87 + 11.03
=1 time/day 4.69 *+ 8.65
p=0.02
Sanchez-Garcia X X
2011
ii. Frequency of interdental
cleaning
Hariyani 2018 Est. SE
>1 time/day ref.
< 1 time/day 0.81 0.39
p=0.04
iii. Frequency of snack between
meals
Hayes 2017 At 2 years Mean (SD)
3 meals/d 0.61 (2.12)
4-5 meals/d 0.48 (1.20)
6-7 meals/d 1.17 (2.00)
> 7 meals/d 1.81 (1.68)
p < 0.001
Sanchez-Garcia X X
2011
iv. Mouthwash use
Sanchez-Garcia At 1 year RR [95% At 1 year RR [95% CI]
2011 CI]
Yes ref. Yes ref.
No 1.6 [1.0, 2.5] No 1.7 [1.0, 2.8]
p <0.05 p <0.05
v. Last dental visit
Hariyani 2018 Est. SE
= 1 year ref.
< 1 year 1.22 0.44
p <0.01
Bidinotto 2018 X
Sanchez-Garcia X X
2011
vi. Reason of visit
Hariyani 2018 X
Bidinotto 2018 X
Oral health condition
i. Number of teeth at baseline
Ellefsen 2009 At 1 year RR [95% CI]
1-9 teeth ref.
10-19 teeth 2.10 [0.40,
11.12]
20-32 teeth 7.31 [1.35,
9.48]
p=0.02
Fure 2004 & 1998 Fure 2004

(continued on next page)
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Table 2 (continued)
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Associated factors

Study

Crude analysis
(Incidence)

Adjusted analysis
(Incidence)

Crude analysis (Increment)

Adjusted analysis (Increment)

ii. Coronal DMFT or DMFS

iii. Root caries experience

iv. Number of surfaces with
recession

Gilbert 2001

Joshi 1993

Sanchez-Garcia
2011

Ellefsen 2009

Gilbert 2001

Powell 1998

Sanchez-Garcia
2011

Gilbert 2001

Locker 1996
Lawrence 1996 &

1995

Scheinin 1994 &
1992

Joshi 1993

Hariyani 2018

At 2 years RR [95%
CI]

25-32 teeth ref.

1-8 teeth 1.3 [0.6,
2.6]

9-16 teeth 1.9 [1.1,
3.4]

17-24 teeth 1.2 [0.8,
1.9]

At 1 year RR [95%
CI]

< 16 ref.

=17 1.6 [1.0, 2.5]

At 2 years
Yes 7%
No 4%

p < 0.05

At 1 year RR [95%
@1}

RCI <8% ref.

RCI > 8% 5.1 [3.2,
8.2]

p < 0.001

At 2 years RR [95%
CI]

No ref.

Yes 2.3 [1.4, 3.7]

No 15.2%
Yes 33.3%
p < 0.001

Scheinin 1994

At 3 years
RR=12.0
p < 0.0001

At 2 years RR [95% CI]
< 22 teeth ref.

= 22 teeth 2.63 [1.22,
5.66]

X

At 1 year RR [95% CI]
0 ref.
1-2 27.35 [1.70, 441.1]
=3 400.3 [12.43,
12,884]

p < 0.001
At 2 years RR
No ref.
Yes 3.5
p <0.05

X

At 1 year RR [95% CI]

RCI <8% ref.
RCI > 8% 5.4 [3.2, 9.1]

p < 0.001
At 2 years RR

No ref.
Yes 3.9
p <0.05

Lawrence 1995:

At 3 years RR [95% CI]
No ref.

Yes 3.31 [1.28, 8.58]
Scheinin 1994

At 3 years RR [95% CI]
12.8[2.8, 58.5]

At 2 years RR [95% CI]
1.14 [1.05, 1.23]
p=0.004

10-year DFRS% increment
Number of remaining teeth
Partial corr. = -0.45
Beta = -0.85

p < 0.0001

Fure 1998 (at 5 years)
Linear regression analysis:
DMFRS% increment

Part. corr.=-0.35
Beta=-0.16

p=0.0001

60 + -year-old
Est. SE
0.10 0.01

(continued on next page)
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Table 2 (continued)
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Associated factors

Study

Crude analysis
(Incidence)

Adjusted analysis
(Incidence)

Crude analysis (Increment)

Adjusted analysis (Increment)

v. Gingival Recession

vi. Attachment Loss

vii. Oral hygiene

viii. Plaque on root surface

ix. Gingivitis

x. Denture wearing

Oral microbiota
i. Streptococcus mutans count

Sanchez-Garcia
2011

Lawrence 1996 &
1995

Sanchez-Garcia
2011
Gilbert 2001

Bidinotto 2018
Hayes 2017

Scheinin 1994 &
1992

Joshi 1993

Fure 2004 & 1998

Hariyani 2018

Bidinotto 2018
Locker 1996

Lawrence 1996 &
1995

Hayes 2017
Sanchez-Garcia
2011

Fure 2004 & 1998

Scheinin 1994 &
1992

At 1 year RR [95%
CI]

< 6 ref.
=65.1[3.2, 8.2]
p < 0.001

Scheinin 1994

At 3 years
% teeth with plaque
RR=1.5p < 0.05

At 3 years
No 23.6%
Yes 33.0%
p <0.05

At 1 year RR [95%
cI

< 10° CFU/ml ref.
>10° CFU/ml 1.6

[1.0, 2.7]

p < 0.001

Scheinin 1994

At 3 years RR
< 10° CFU/ml ref.

At 1 year RR [95% CI]
< 6 ref.

=6 5.4 [3.2,9.1]

p < 0.001

Lawrence 1995 (in

Whites)
At 3 years RR [95% CI]
< 4mm ref.
=>4mm 4.50 [1.95,
10.39]
X
X
At 2 years Mean (SD)
Good 0.36 (1.01)
Fair 0.51 (1.15)
Poor 1.54 (3.11)
p < 0.001
At 2 years
Mean PI score RR
[95%CI]
< 2 ref.
=22.69 [1.11,6.50]
X
X
Lawrence 1995 (in
Blacks)
At 3 years RR [95% CI]
No ref.
Yes 3.43 [1.52, 7.76]
X

At 1 year RR [95% CI]

< 10° CFU/ml ref.
>10° CFU/ml 2.1 [1.1,
4.0]

p < 0.001

10

Fure 2004 (at 10 years)
% surfaces with plaque
Partial corr. = 0.14

Beta = 0.03
p <0.05
X
X
Fure 2004:

10-year (log;o CFU/ml)
Partial corr. = 0.31
Beta = 2.44

Fure 1998:

S5-year

Part. Corr. = 0.38
Beta = 0.23

p <0.05

(continued on next page)
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Table 2 (continued)
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Associated factors Study Crude analysis Adjusted analysis Crude analysis (Increment) Adjusted analysis (Increment)
(Incidence) (Incidence)
>10° CFU/ml 6.3
p < 0.001
ii. Lacobacilli sp. count
Hayes 2017 X
Sanchez-Garcia X X

iii. Streptococcus mutans and

Lacobacillus count

iv. S. sobrinus

v. Prevotella intermedia

vi. Candida

Salivary parameters
i. Salivary Flow

ii. Saliva buffering capacity

2011
Fure 2004 & 1998

Scheinin 1994 &
1992

Powell 1998

Fure 2004 & 1998

Lawrence 1996 &
1995

Scheinin 1994 &
1992

Bidinotto 2018

Hayes 2017

Sanchez-Garcia
2011
Fure 2004 & 1998

Powell 1998

Hayes 2017
Sanchez-Garcia
2011

Powell 1998

Fure 2004 & 1998
Scheinin 1994 &
1992

Scheinin 1994

At 3 years RR

< 10* CFU/ml ref.
>10* CFU/ml 11.9
p < 0.001

Scheinin 1994

Scheinin 1994

At 3 years
RR [95% CI]
8.6 [2.4, 31.2]

At 3 years RR [95% CI]
Log;o bacterial count
1.29 [1.16-2.95]
p=0.002

Fure 1998 (at 5 years)

S.sobrinus DFRS % increment

Detected 6.6 + 8.5
Not detected 3.0 + 5.3
p=0.02

Lawrence 1995 (in
Blacks)

At 3 years RR [95% CI]
Present ref.

Absent 2.74 [1.27, 5.92]

Scheinin 1994

At 3 years RR

< 10° CFU/ml ref.
>10° CFU/ml 4.4
p < 0.001

At 2 years Mean (SD)

< 0.7 ml/min 0.53 (1.30)
=0.7 ml/min 2.81 (4.62)
p < 0.001

11

Fure 2004:

10-year (log;o CFU/ml)
Partial corr. = 0.37
Beta = 2.78

Fure 1998:

S-year:

Partial corr. = 0.37
Beta = 0.61

p <0.05

At 4 years IRR [95% CI]
Higher stimulated saliva flow
0.90 [0.83, 0.98]

Fure 2004 (at 10 years)
Unstimulated rate (ml/min)
Partial corr. = -0.17

Beta = 1.36

Stimulated rate (ml/min)
Partial corr. = -0.17

Beta = -0.57

p <0.05

(continued on next page)
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Associated factors Study Crude analysis

(Incidence)

Adjusted analysis
(Incidence)

Crude analysis (Increment) Adjusted analysis (Increment)

At 3 years RR
High ref.
Low 2.0
p < 0.005
iii. sIgA in saliva
Senpuku 2010

X=No statistically significant correlation.
positive correlation between D-root and denture wearing [7,27,31].
4.7. Oral microbiota

A positive correlation between new root caries and Streptococcus
mutans was found in 3 of the 4 studies [9,21,30] while in 2 studies a
positive association with Lactobacilli sp. was reported [9,30]. Mean-
while, Powell and co-workers also reported a positive correlation be-
tween DF-root and the co-existence of the above two species of bacteria
[8]. In addition, 1 study reported presence of Streptococcus sobrinus [29]
and another study found the number of Candida [30] to be positively
related to the increment of DF-root. Besides, presence of Prevotella was
associated with a lower incidence of DF-root in the adjusted data ana-
lysis of another study [23].

Regarding D-root, only 1 study assessed the correlation with oral
microbiota in which a positive correlation with the number of
Lactobacilli was found [20].

4.8. Salivary parameters

Two of 4 studies found a higher risk of developing new DF-root
among people who had a lower salivary flow [9,24] while 1 study re-
ported the contrary [18]. Only 1 of the 5 studies found a positive cor-
relation between salivary buffer capacity and incidence of DF-root in its
crude data analysis [30] while the other 4 studies did not.

5. Discussion

Due to the heterogeneity in the measurements of the various factors
among the included studies in this systematic review, it was not pos-
sible to conduct a meta-analysis. Moreover, different diagnostic criteria
and measurement scales were used in root caries assessment. While
continuous variables such as RCI and increment of new root caries were
adopted in some studies, other studies used a binary variable such as
incidence of root caries in their data analysis. Furthermore, the risk
predictors in different studies were assessed differently. For example,
regarding the number of remaining teeth, some studies used the exact
number of teeth while other studies used categories in their data ana-
lysis.

A recent systematic review on cross-sectional studies on root caries
conducted by the authors of this paper found that poor oral hygiene and
some oral microbiota such as Lactobacilli sp. or Streptococcus mutans
were associated with root caries experience [14]. The present sys-
tematic review on longitudinal studies found these factors to be pre-
dictors of new root caries as well. These findings highlight the im-
portance of achieving good oral hygiene, especially the reduction of
plaque on exposed root surfaces, in the prevention of root caries.
However, these findings should be interpreted with caution because
there may not be a cause-effect relationship between the presence of
these bacteria and root caries since the information comes from ob-
servational studies only. Well-designed laboratory studies and clinical
trials are needed so as to have an in-depth understanding of the re-
lationship.

Presence or the amount of gingival recession was reported to be

12

positively correlated with the number of DF-root in cross-sectional
studies [14,32]. Findings of the present systematic review further show
that these factors are predictors of new root caries. This is an expected
correlation because having exposed root surfaces is a basic condition for
root caries development and an increase in the amount of exposed
surface would increase the risk. As the amount of gingival recession
increases with age among older adults [33], this can partly explain why
age was consistently reported to be a predictor of root caries in the
studies included in this review.

Regarding the number of teeth, different directions of association
with DF-root or D-root increment were reported in the included studies
of this systematic review, making it difficult to draw a conclusion on
this factor. Regarding past caries experience, this review found that root
caries experience is a consistent and significant predictor of new root
caries. Thus, clinically it is important to provide more intensive pre-
vention for patients who have decayed and/or filled root surfaces.

Consistent with the findings of reviews on cross-sectional studies
[14,34], a positive association between use of tobacco and new root
caries was also found in most of the included cohort studies in the
present systematic review. This may be because tobacco users usually
have poor oral health habits and poor oral hygiene, and more advanced
periodontal diseases [35].

Disparity in dental caries among different social classes has been
reported [36]. People at a lower education or income level are more
likely to have less knowledge of oral health and poorer oral health re-
lated behaviors [36,37]. Moreover, people who live in rural areas
usually have poorer access to preventive dental care [38]. This sys-
tematic review found that these factors are important predictors of root
caries and there is a need to provide more dental caries prevention to
these disadvantaged population groups.

The cohort study included this review found a negative relationship
between fluoride exposure and new root caries. This is in agreement
with a number of clinical trials which found that the use of topical
fluorides can prevent root caries [39,40]. Another clinical trial also
found that participants who used higher concentration fluoride tooth-
paste developed less root caries [41].

This systematic review has a few strengths. First, in order to reduce
the risk of bias in drawing conclusions, only studies with a follow-up
rate higher than 50% were included. In addition, in order to provide
more comprehensive information, findings from both the crude and the
adjusted data analysis of the included studies were extracted and pre-
sented. Furthermore, only papers published after 1990 were included in
this review so that the information obtained would be closer to the
current situation in the aging populations. Besides, to the best of our
knowledge, this is the first systematic review summarizing all risk
predictors of root caries and further classifying them into defined ca-
tegories. The grouping of potential risk factors of root caries in this
review can offer guidance for developing effective strategies for root
caries prevention.

A major limitation of in this systematic review is that a meta-ana-
lysis could not be conducted because of the heterogeneity of the in-
cluded studies. Thus, the results of this review do not contain any
quantitative findings such as pooled relative risk for the different
identified predictors.
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It is interesting to note that the risk factors associated with root
caries in cross-sectional studies found in a previous systematic review
[14] and the risk predictors of new root caries found in this systematic
review overlap to a great extent even though the studies included in the
two reviews were completely different. The findings of this systematic
review are valuable for assessing the risk of new root caries develop-
ment. They are also useful in developing prediction models of root
caries. These models can be used to identify persons who need more
root caries prevention before the development of root caries. Appro-
priate prevention and management strategies can be adopted according
to the predicted root caries risk of individuals and population groups.
Improvement in oral hygiene, prevention of gingival recession and use
of fluoride would be good strategies for root caries prevention. Fur-
thermore, results of this systematic review would be useful for gov-
ernment and dental public health workers when designing community
based preventive strategy for root caries, especially for the aging po-
pulations.

6. Conclusion

This systematic review discovered a number of root caries risk
predictors in different categories. People who are older, in lower socio-
economic status or tobacco users, and those with more caries experi-
ence, gingival recession and poorer oral hygiene are at higher risk of
developing new root caries.
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