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1 | INTRODUCTION

| Margaux Louise A. Hujoel®> | Georgios A. Kotsakis®

Objective: To conduct a systematic review of randomised trials assessing the asso-
ciation between personal oral hygiene and dental caries in the absence of the con-
founding effects of fluoride.

Background: Dental caries continues to affect close to 100% of the global popula-
tion. There is a century-old conflict on whether dental caries is caused by poor oral
hygiene or poorly formed teeth (ie, teeth with dental defects). Resolving this conflict
is of significant public health importance as these two hypotheses on dental caries
aetiology can lead to different prevention strategies.

Methods: A systematic search for randomised trials was conducted using predefined
criteria in 3 databases. The impact of personal oral hygiene interventions on coronal
dental caries incidence was evaluated using random-effects models.

Results: Three randomised studies involving a total of 743 participants were in-
cluded. Personal oral hygiene interventions failed to influence the incidence of dental
caries (A Decayed, Missing and Filled Surfaces (DFMS) = -0.11; 95% confidence in-
terval: (-0.91, 0.69; P-value < .79)) despite meticulous deplaquing of teeth. There was
no significant heterogeneity in the trial results (heterogeneity chi-squared = 1.88,
P = .39). The findings were robust to sensitivity analyses, including consideration of
the results of nonrandomised studies.

Conclusion: Personal oral hygiene in the absence of fluorides has failed to show a

benefit in terms of reducing the incidence of dental caries.
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conflicting hypotheses can be schematically presented within the con-
text of a causal framework and are now briefly described (Figure 1).
The oral hygiene hypothesis postulates that biofilms on tooth surfaces

Dental caries remains the most prevalent pathological condition world-
wide, with minimal change in prevalence and incidence over the last
two decades.! The evidence is mounting that dental caries is a growing
concern in the ageing populations.2 There are two major hypotheses
on how this pandemic can be brought under control: one is through
implementing improved personal oral hygiene and the other through
addressing the defects in the coronal enamel-structure. These two

will produce acids in the presence of dietary carbohydrates. These acids de-
mineralise the enamel and eventually allow cariogenic bacteria to invade the
dentin and the pulp. Under this hypothesis, mechanically removing the bio-
film from tooth surfaces with toothbrushes or interproximal cleaning devices
is believed to prevent dental caries. Historically, the motto of the proponents
for the oral hygiene hypothesis was that “clean teeth do not decay.”
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FIGURE 1 Mediation framework for evaluating the aetiology of dental caries. Arrows 1-3 illustrate the “oral hygiene” or the “clean tooth”
hypothesis of dental caries. Arrows 4 and 5 illustrate the dental defect or “sound tooth” hypothesis of dental caries. Both hypotheses were

widely debated in the early 20th century

The dental defect hypothesis posits that dental caries starts in
microscopic cracks or crevices in teeth, and not on defect-free or
sound enamel. The biofilm within the dental defects is also thought
to become cariogenic in the presence of dietary carbohydrates.
However, the biofilm cannot be removed with a toothbrush or in-
terproximal cleaning devices; hence, oral hygiene is believed to be
ineffective. Under this alternative hypothesis, prevention of dental
caries must focus on preventing the formation of dental defects
during odontogenesis, by repairing the defects from the pulpal side,
or by sealing or surgically eliminating surface defects in the enamel.
Historically, the motto of the proponents for the dental defect hy-
pothesis was that “sound teeth do not decay”.*

A key step in resolving the conflict between these two hypoth-
eses is to determine the value of personal oral hygiene without the
confounding effects of fluoride, the latter having strong evidence
in support of its anticariogeneic effect.’ The aim of this study was
to report on a systematic review of randomised trials assessing
the association between personal oral hygiene and coronal dental

caries.

2 | METHODS

2.1 | Search strategy

The systematic search was performed following the guidelines
set out by the Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA).® Three databases (PubMed, Web of
Science and the Cochrane Central Register of Controlled Trials)
were searched for articles published between January 1950 and
February 2017. The protocol was neither established a priori
nor registered nor were there date restrictions on the manual
searches. The search was conducted with the following search
strategy: (“oral hygiene”[MeSH Terms] OR (“oral”’[All Fields] AND
“hygiene”[All Fields]) OR “oral hygiene”[All Fields]) AND (“dental
caries”"[MeSH Terms] OR (“dental”[All Fields] AND “caries”[All

Fields]) OR “dental caries”[All Fields]) AND Clinical Trial[ptyp].”
Titles, abstracts, full-text papers and grant reports were screened
for additional references. A two-phase strategy was employed for
the search that in a first phase included screening of titles and
abstracts of the articles identified as potentially relevant during
the electronic search, followed in a second phase by an assess-
ment of the full-text of articles deemed eligible for inclusion (eg, a
systematic review’). Reports in languages other than English were
excluded. Personal oral hygiene was defined as brushing of teeth

with or without interproximal cleansing devices.

2.2 | Inclusion criteria

Controlled clinical trials (CCTs) of personal oral hygiene interventions
were included if the primary aim was to assess the impact of tooth-
brushes with or without interproximal cleaning devices on dental caries,
if the trial design mentioned the word “random” and was prospective,
if dental caries scores (as a count) were reported at baseline and at the
end of the follow-up, and if there was a concurrent control group. There
were no restrictions on method of treatment assignment, participant
characteristics or on primary vs permanent teeth. Nonrandomised
studies which met all other inclusion criteria were accepted to assess

the robustness of the primary analysis.

2.3 | Exclusion criteria

Trials were excluded in which the effect of personal oral hygiene in-
terventions was combined with fluoride products or dietary interven-
tions and the control group had no such interventions. Trials were
excluded also if they focused on dental caries surrogates (eg, bacterial
counts), professional prophylaxis or where oral hygiene assignment
was based on patient behaviour. Trials with a primary aim of assess-
ing chemotherapeutics (e.g., fluoride, chlorhexidine) were excluded.
Retrospective studies, cross-sectional studies and letters to the edi-

tors were not considered.
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2.4 | Data extraction

Sample size, effect sizes and available measures of variability were
abstracted independently by two readers (PH, MH). For each CCT,
information was collected on the nature of the oral hygiene interven-
tion, on the unit of random assignment (patients, classes, schools),
on the blinding of the examiners and on the characteristics of the

design and analysis.

2.5 | Quality assessment

The CCT quality was quantified using a modified Jadad scale® and risk
of bias measures for randomised controlled trials.” The Jadad score and
our modification of it is a score between 0 and 5 where O indicates poor
quality and 5 highly rigorous quality. The Jadad modification consisted
of changing the word “double-blind” to “single-blind” as it was consid-
ered impossible to blind trial participants towards self-performed tasks
such as brushing and flossing (Table 1). Baseline caries comparability
was abstracted prior to drop-out to the extent possible. A CCT was
labelled commercially funded if it reported receiving a grant from an

oral hygiene company for the conduct of the study.

2.6 | Data synthesis

Summary DMFS estimates were based on random-effects models.
The heterogeneity of the studies was evaluated using the heteroge-
neity chi-squared statistic. Effective sample sizes for the trials were
calculated assuming an intracluster coefficient (p) of 0.02.2° This ef-
fective sample size was calculated as the total sample size divided by

the design effect (1+p (m-1)) where m is the average class or school

size when the cluster size was unavailable, otherwise m was calcu-
lated as the sum of the cluster sizes squared divided by the number
of participants in that group when cluster sizes were reported.11 For
studies which assigned classes to treatments, the number of classes
in public schools was calculated assuming each class had on aver-
age about 20 pupils. Radiographic caries increment scores combined
with clinical scores were selected over clinical caries increments
alone when both outcomes were available.!?

Exploratory analyses were conducted to assess the robustness
of the findings. Included in these secondary analyses was an assess-
ment of the impact of nonrandomised studies. These nonrandomised
studies included different dental outcome scores (such as Decayed,
Missing or Filled Teeth or DMFT) for caries and were standardised
using the Glass's A method.®® Highly significant heterogeneity was
taken as an indication to analyse the data using a random-effects
model, not fixed-effects models.***> All analyses were completed
using SAS 9.4 (including the forest and the metaanal macros), STATA
11.1 meta-analysis software and R 3.3.2 (meta).

3 | RESULTS

3.1 | Selection of controlled clinical trials

A total of 984 unique citations from 3 sources were identified
(Figure 2). Thirteen references of interest were identified for full-
text review, which included 12 published articles and one abstract
for which we obtained the NIH grant report.'?1¢2! After full-text
review, three randomised trials were included (Figure 2). Four
nonrandomised trials were retained for the purpose of sensitivity

analyses.

TABLE 1 The design, interventions and outcome quality of included and excluded trials used to measure the effectiveness of personal

oral hygiene in controlled dental caries

Trials Design Intervention
Reporting of
commercial Experimental unit Random sequence Allocation Blinding of clinical Supervised
References funding of analysis generation concealment outcome assessment oral hygiene
Silverstein No Student @ @ . Daily?
etal'
Horowitzetal®®*  No Student @ @ . Daily?
Ashley & No Class @ @ . 2 wk?
Sainsbury*?
Fosdick?? Yes NR . . . No
Clark et al?* No School . . . Varied
Spears et al*? No Class . . . Daily?
McKee et al'’ No School . . . Daily*

Cochrane risk of bias was judged to be . low risk of bias, . high risk of bias or @ unclear risk of bias. NR = Not reported 1. supervision

only during first year of a 3-year study. 2. On schooldays
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(n=514)

Records identified through
MEDLINE searching

Records identified through
CENTRAL searching
(n=387)

Records identified through
EMBASE searching
(n=128)

FIGURE 2 Flow chart of literature
searches and identified articles

‘ Included ’ ‘ Eligibility ’ ‘ Screening ’ ‘

3.2 | Characteristics of randomised controlled trials
assessing dental plaque removal

Three randomised trials on 743 participants were identified
(Table 1); two trials were conducted in the United States (US), and

S ,

/

Additional records
through manual searches
(n=8)

v /

Records screened | Records excluded
(n=992) " n=979)

Records after duplicates removed
(n=984)

y

Full-text articles
excluded, with reasons
(n=6)

Full-text articles
assessed for eligibility
n=13)

A4

A 4

Studies included in
qualitative synthesis
(n=7)

A 4

Studies included in
quantitative synthesis
(meta-analysis)
(n=7)

one in the United Kingdom (UK).!?2 The enrolled participants were
girls aged 11 and 12,*? and boys and girls aged 10 and 13, and 12

and 13.%° All three trials reported DMFS scores; two trials continued

1218 and one trial for 29 months.*® The units of randomi-

16,18

for 3 years

sation were participants and classes.’? The two US trials were

Outcome
Incomplete P-value for
Supervised Disclosing Water Drop-out outcome Baseline Jadad Selective
Flossing tablets fluoridation rate assessment difference Score reporting
Yes Yes No 37% . .83 4 .
Yes Yes No 39% . .60 4 .
Yes Yes NR 15% . 97 4 .
No No NR NR . NR 0 .
NR No NR NR . .16 2 .
Yes Yes Low 48% . NR 0 .
Yes Yes No 71% . .49 3 .
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Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Randomised

Silverstein 122 528 11.80 121 4.18 11.80 ——— 0.09 [-0.16; 0.34] 15.9%
Horowitz 111 427 464 168 4.89 467 —B— -0.13 [-0.37; 0.11] 16.3%
Ashley 86 497 427 73 466 3.69 — 0.08 [-0.23; 0.40] 13.7%
Random-effects model 319 362 - -0.00 [-0.15; 0.15] 45.9%
Heterogeneity: '/é =1.93 (p =.38) :

Non-randomised :

Fosdick 194 149 171 155 253 223 —F&— | -0.47 [-0.68; -0.25] 17.2%
Clark 51 031 252 68 091 277 —@——1— -0.22 [-0.58; 0.15] 12.0%
Spears 71 155 240 189 1.18 3.90 — 0.09 [-0.18; 0.37] 15.1%
McKee 32 619 517 49 587 5.02 — 0.06 [-0.38; 0.51] 9.8%
Random-effects model 348 461 —@— -0.16 [-0.51; 0.18] 54.1%
Heterogeneity: /j =14.87 (p <.01) :

Random-effects model 667 823 @ -0.08 [-0.27; 0.10] 100.0%

[ ] T I ] I 1

Heterogeneity: %2 = 17.41 (p <.01) 06-04-02 0 02 04 06

FIGURE 3 Forest plot displaying the impact of personal oral hygiene effect without fluoride on the standardised mean difference (SMD)
for coronal dental caries scores for both randomised and nonrandomised trials. Sample sizes displayed are effective sample sizes which
differs from actual sample sizes in cluster trials. Random-effects models lead to the consistent conclusion that personal oral hygiene did
not influence the incidence of dental caries. Inclusion of the only commercially funded study created statistically significant heterogeneity,
which, if ignored in the analysis by choosing a fixed-effect model, led to an overall benefit of personal oral hygiene. Note: 1. Silverstein:
Caries outcomes in 2 schools summarised using random-effects model. 2. Horowitz: No assumptions. 3. Ashley: Assuming 6 classes in the
oral hygiene intervention group, five in the control groups, and p = 0.02. 4. Fosdick: Assuming each of the 7 schools had one oral hygiene
intervention group, one control group, and p = 0.02. The standard deviation for the control group was obtained using the reported standard
deviation for the treatment group, assuming pooled variance and the relationship between the F statistic and the T statistic (F = t?). 5. Clark:
p = 0.02. 6. Spears: Assuming 5 classes in the oral hygiene intervention group, 13 classes in the control group, p = 0.02. 7. McKee: Standard
deviation in both groups estimated as In(standard deviation) = 0.64 + 0.55*In(increment) and p = 0.02. Estimate of baseline DMFS score
included participants whom dropped out

conducted in nonfluoridated communities. The level of water fluori- oo o
) ) o 3.5 | Sensitivity analyses
dation was not reported for the UK trial. There were no significant

differences in the baseline score for caries between the intervention One of the three randomised trials used clustered randomisation,
and control groups. The Jadad score was “4” for all 3 trials. None which we accounted for in our main analysis. Results did not change
were funded by commercial companies. Drop-out rates ranged be- appreciably when the clustered randomisation of this trial was ig-
tween 15% and 39% (Table 1). Details on standard deviation calcula- nored [DMFS: -0.05; 95% ClI (-0.80, 0.70), P-value < .90, heteroge-
tions are presented as a footnote in Figure 3. neity chi-squared = 2.03 (df = 2) P = .362].1%1¢

Four nonrandomised trials with a mean Jadad score of 1.5 were
3.3 | Synthesis of results identified SFigure 3). Two trial.s rep'orted an i|.qcreased risk of caries
and two trials a decreased caries risk. One trial funded by commer-

There was no heterogeneity between trials (Heterogeneity chi- cial sponsors had a Jadad score of 0 and found a highly significant
squared = 1.88 (degrees of freedom (df)=2) P=.390), and a beneficial impact of oral hygiene on dental caries. This trial pro-
random-effects model showed that the oral hygiene interventions duced significant heterogeneity both within the nonrandomised
did not influence the incidence of dental caries [Decayed, Missing or trials (heterogeneity chi-square = 14.87, 3 df, P-value <.01) and

Filled Surfaces (DMFS) = -0.11; 95% confidence interval (Cl) (-0.91, within all 7 combined (heterogeneity chi-square = 17.41, 6 df, P-

0.69)]. These results remained unchanged when restricting the anal- value < .01). Randomised and nonrandomised trials led to almost
yses to two trials (n = 522) with significant reductions in gingivitis identical results when this outlier was removed from the analy-
[DMFS = -0.34; 95% CI (-1.59, 0.91), P-value = .60]. sis [standardised mean difference (SMD = 0.00; 95% CI (-0.15,

0.15), P-value .99, vs SMD = 0.00; 95% ClI (-0.20, 0.20), P-value
. . .. . .99, respectively].

3.4 | Risk of bias across controlled clinical trials P y ) 2
When the industry-funded study was included,”” a random-
Meta-regression or statistical assessment of publication bias was not effects model showed no significant benefit of personal oral hy-
performed due to the limited number of trials and minimal variability giene in terms of reducing dental caries ([SMD = -0.08; 95% ClI

in terms of duration or quality of the randomised trials. (-0.27, 0.10), P-value = .39]. This conclusion was robust towards the
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assumption that the industry-funded study assigned participants,
rather than classes to schools.

Ignoring the highly significant heterogeneity and nonetheless
choosing a fixed-effect model leads to a finding of significant per-
sonal oral hygiene effects.?*!> Both the overall significant effect,
and the significant heterogeneity was driven by one industry-funded
study. When the industry-funded study was included by means of a
fixed-effects model, it led a significant benefit of personal oral hy-
giene in terms of reducing dental caries incidence (([SMD = -0.11;
95% Cl (-0.21, -0.00), P-value =.042]. The therapeutic effect of
personal oral hygiene increased in significance in a fixed-effect
model if the assumption was made that the industry-funded study
randomly assigned subjects, and not classes, to the oral hygiene in-
tervention (P < .001).

4 | DISCUSSION

A meta-analysis of controlled clinical trials does not support the
hypothesis that improved personal oral hygiene without fluoride
decreases the risk of coronal caries. This lack of effectiveness can-
not be attributed to the presence of water fluoridation dwarfing
the benefits of oral hygiene because two of the three randomised
trials were conducted in nonfluoridated communities. Neither can
the lack of effectiveness be attributed to non-supervision of the
oral hygiene intervention. Two randomised trials with strict pro-
tocols involving daily supervised plaque staining and removal on
school days reported significant reduction in gingivitis but not of
dental caries.’®*® These randomised trial findings are robust to-
wards sensitivity analyses. The randomised trial findings are also
robust when considering nonrandomised trials with the excep-
tion of one industry-funded, nonrandomised study which was the
only study to report highly significant benefits of personal oral
hygiene.

The primary conclusion of this systematic review, that oral hy-
giene has no impact on dental caries rates, is strengthened by other
independent lines of evidence. A network meta-analysis of six sys-
tematic reviews on 130 controlled trials selected under the auspices
of the Cochrane Oral Health Group compared the effectiveness of
four fluoride products (gels, varnishes, toothpaste and rinses) in
over 60 000 participants. The findings of this network meta-analysis
showed that fluoride toothpaste, and fluoride rinse were similarly
effective in preventing coronal dental caries. So, in effect, personal
oral hygiene was shown to be an inactive delivery mechanism for
an active pharmaceutical, fluoride. Our findings are furthermore
consistent with systematic reviews on the ineffectiveness of self-

23-25

performed flossing,?*?® professional dental plaque removal®®?” and

removal of dental plaque prior to fluoride applications for preventing
coronal dental caries.?®

Controlled trials on topical chemotherapeutics provide addi-
tional insights on the validity of the oral hygiene hypothesis. Biofilm

on smooth non-dental surfaces, but not in cracks and crevices, can

be removed by mechanical cleansing and chemotherapeutics.?’
Chemotherapeutics are therefore more likely to be effective if
dental caries starts on smooth, defect-free surfaces. A century of
controlled trials provides insights into this assumption. A hexylre-
sorcinol rinse was the first major antimicrobial advertised commer-
cially as an effective caries control, but in one of the first controlled
trials, it increased the caries rates.° This finding was followed by
trials involving about one thousand children who were assigned to
a placebo- or a penicillin-containing toothpaste. The penicillin-con-
taining toothpastes were found to be unsuccessful at controlling
caries.?>32 Chlorhexidine was described in 1994 as the most potent
chemotherapeutic agent against dental caries surrogates,®® but it
too was deemed ineffective following a meta-analyses of controlled
trials on the endpoint of frank cavitation.X® Thus, trials on chemo-
therapeutics support the dental defect hypothesis on dental caries
etiology.

Roughly one century ago, Mellanby predicted the failure of the
oral hygiene hypothesis and had proposed instead, based on experi-
mental animal research, that dental caries started in dental defects.®*
This dental defect hypothesis was consistent with the epidemiology
of dental caries and widely accepted in the medical and dental pro-
fessions.®® The dental defect hypothesis ended up explaining dra-
matic historical and geographical trends in dental caries prevalence
in ways that the oral hygiene hypothesis could not.*¢® The ubiquity
of dental caries in the early 20th century was attributed to sugar,
rickets and paediatric fevers, and the latter two identified as causes
of dental defects.%’ According to the dental defect hypothesis, the
dramatic decline of caries in wealthier countries that occurred in the
second half of the 20th century is attributed to the widespread use
of dietary vitamin D supplements to overcome epidemics of paedi-
atric malnutrition, and to national vaccination programmes which
started in the 1960s and reduced infant and childhood fevers. The
emergence of defect-free teeth following these vaccinations and
vitamin D supplementation created a larger population of children
with defect-free teeth resistant to the carcinogenicity of sugar and
bacteria.>¢ Dental defects as drivers of caries incidence can explain
why caries rates can increase or decrease regardless of sugar intake
or water fluoridation.

The dental defect hypothesis is also consistent with the effec-
tiveness of vitamin D*® and may lead to different perspectives on
how fluoride prevents dental caries. Research suggests that fluo-
ride, just like vitamin D, may exert, at least partially, its beneficial
effects systemically*; topical fluorides therefore possibly reduce
dental caries because of their systemic absorption through the oral
mucosa and not due to their topical effects. This would explain how
fluoride can be effective even though it poorly penetrates dental
plaque.*? This would also explain why common wisdoms on how flu-
oride strengthens teeth have become questioned. Specifically, in-
corporation of up to 1000 ppm fluoride into the outer dental enamel
(hydroxy-apatite) has been shown to offer no resistance against
demineralisation attacks.*® Even enamel fluorapatite (30 000 ppm
fluoride) was shown to offer minimal resistance to demineralisa-

tion** and to offer a questionable barrier to dental caries.*® Further
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investigations should determine to what extent fluoride and vitamin
D prevent dental caries through pulpal side mechanisms.*¢

This review does not question whether clinicians should pro-
vide advice on the potential benefits of oral hygiene for preventing
dental caries. There is still substance to the arguments that small
therapeutic effects of personal oral hygiene remained undetected in
statistically underpowered trials, that findings in healthy paediatric
populations with no exposed cementum do not extrapolate to adults
with exposed cementum or decreased saliva flow, or that adults with
other systemic diseases or disorders may benefit from personal oral
hygiene in terms of dental caries prevention. Indeed, oral hygiene
can be a pleasant and cost-effective way to deliver fluoride, reduce
gingivitis, remove food impactions, or to help patients in their re-
covery from oral surgical procedures. The dangers in the unqualified
promotion of oral hygiene for dental caries prevention are that it
may lead individuals to select fluoride-free toothpastes, to sacrifice
effective fluoride exposure for interproximal cleaning without fluor,
or to forego effective therapeutics such as fluoride rinses. Such be-
liefs which reduce fluoride exposure increase dental caries risk and
are most dangerous when used as a justification to promote sugar
consumption, and to perpetuate the myth that sugar is safe to eat as

long as one brushes their teeth.*”

5 | CONCLUSIONS

A large body of controlled trials has failed to provide convincing evi-
dence in support of the efficacy of personal oral hygiene in prevent-
ing or controlling coronal dental caries.
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