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Abstract

Introduction CariesCare International (CCl) is a practice-friendly, health outcomes-focused, patient-centred, risk-
based approach to caries management designed for the practice. The unfeasibility of a randomised clinical trial and

of aerosol generating procedures (AGPs) during the COVID-19 pandemic to test the caries control effectiveness of CCl
shifted it to a non-AGP, reduced on-site consultation, single-interventional study.

Aim This 12-month, multicentre, single-group, interventional study aimed at primarily assessing the control of caries
progression of a pandemic CCl-adapted protocol in children.

Methods In total, 17 centres (n=20, 3-8-year-old children/centre) were included. Trained examiners assessed
(baseline: TO; one-year follow-up: T1y): CCl caries risk; oral health-related behaviours; decayed, missing and filled
teeth (primary, permanent) with the epidemiological merged International Caries Detection and Assessment System
(severity, activity); dental sepsis; and toothache. Trained practitioners performed one-year CCl-adapted personalised
care. Dental care process acceptance was assessed in parents and dentists.

Results A total of 16 centres finished the study (n=337, 78.6%; mean age: 5.5+ 1.6 years). There was a TO-T1y decrease
in the mean number of combined primary and permanent tooth surfaces with caries lesions (8.4+9.7 to 6.2 +7.6), with
most children showing control of caries progression (75.1%), high caries risk (86.6%) and non-adequate oral-health
behaviour (72.7%) (p <0.05). CCl acceptance was very high in parents and high/very high in dentists.

Discussion The limitations given by the pandemic challenges, the single-interventional study design, and the non-
AGP and reduced in-office-consultation adaptations, might as well highlight the shown caries progression control,
feasibility and acceptance of CCl.

Conclusion The one-year implementation of CCl showed control of caries progression and of risk and high acceptance
among parents and dentists.
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Introduction

The 2020 World Health Organization’s
(WHOs) Oral global report shows an estimated
global average prevalence of caries (cavitated)
of primary teeth of 43% and permanent
teeth, 29%.' Even though caries management
has recently been defined as ‘actions taken
to interfere with mineral loss at all stages of
the caries disease, including non-operative
and operative interventions/treatments’’
the traditional course of action focuses on
reparative approaches.® Several approaches,
including the caries management system,
CariesCare International (CCI), have been
developed to further help overcoming ongoing
barriers, which have prevented the translation
of caries management best practices into dental
practice.*>6782

CCI was derived in 2019 from International
Caries Classification and Management System
(ICCMS).*' It uses adapted evidence-based
International Caries Detection and Assessment
System (ICDAS) and ICCMS tools and
resources," sharing the same principles and
goals with ICCMS. CCl is a practice-friendly,
health outcomes-focused, patient-centred,
risk-based approach to caries management,
designed for the practice in four steps, namely
the CCI4D cycle:

o 1D) Determine caries risk

o 2D) Detect caries lesions, stage their
severity and assess their activity status

o 3D) Decide a personalised care plan,
including risk-based intervals

 4D) Do the preventive and tooth-preserving
care, which includes risk-appropriate
preventive care, control of initial non-
cavitated lesions, and conservative

restorative treatment of deep dentinal and

cavitated caries lesions.*®

Concepts of CCI, as well as of ICDAS and
ICCMS, are being followed globally in many
settings, with local adaptations, including a large
number of dental schools and undergraduates’
cariology-curriculum frameworks in Colombia,
the USA and Caribbean countries,'>'*'* among
others. ICCMS concepts have been encouraged
by the FDI World Dental Federation to be
followed," and ICCMS has shown to be used for
caries management in the practice and dental
schools.’s

Cariologists, clinicians, educators and
policymakers agree that the CCI consensus
guide promotes best practice in the control
of caries and in maintaining oral health in
patients,®® also helping to raise awareness in
public health, industry and the profession, and
to promote a cavity-free future.®

To our knowledge, there are no studies to date
which have reported on the caries progression
control of CCI. In 2020, a collaborating group of
21 centres in 13 countries attempted to conduct
a 12-month, multicentre, pragmatic randomised
controlled trial (RCT) in schoolchildren to
compare the CCI system versus standard care
in the control of tooth-level and individual
caries progression.'” Plans had to be revised
due to the COVID-19 pandemic and the
consequent restrictions imposed by universities’
ethical boards in conducting RCTs. To make
it feasible to offer caries care to children, we
modified CCI protocols by avoiding aerosol
generating procedures (AGPs) and reducing
in-office appointment time (CClI-adapted)
(Fig. 1).”” Furthermore, we modified the study
design from a pragmatic RCT to a single-group
interventional study."” All of the original 21
centres were willing to attempt the revised study
and were invited to participate having received
the new CClI-adapted protocol. After internal
discussions, 17 centres agreed to participate with
ethics committee approval, while four centres
abstained from participation: the two American
centres were receiving periodical additional
ethics committee amendments which could not
be supplied; the university hospital in the United
Kingdom was already conducting non-AGP on
children, and the Netherlands centre lost interest.
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Fig. 1 Pandemic-adapted CariesCare International 4D cycle. Reproduced from Martignon et al., ‘CariesCare International adapted for the
pandemic in children: Caries OUT multicentre single-group interventional study protocol’, BMC Oral Health, 2021
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Aim

This 12-month, multicentre, single-group,
interventional study aimed at primarily
assessing the control of caries progression of
a pandemic CCI-adapted protocol in children.

Methods

This was a 12-month, multicentre, single-group,
interventional study, with ethics committee
approval from the lead centre’s Research Ethics
Institutional Committee of Universidad El
Bosque (PCI2019-10718).

This report follows the Strengthening
the Reporting of Observational Studies in
Epidemiology guidelines (as they can take
the form of a cohort study), and it has been
registered in the Clinical Trials website
(retrospectively-registered-Clinical Trials.gov
NCT04666597 07/12/2020; Protocol version 2:
https://register.clinicaltrials.gov/prs/app/action/
SelectProtocol?sid=S000AGM4&selectaction=
Edit&uid=U00019IE&ts=2&cx=uwje3h).

The sample size (previously described in
the study protocol)'” was determined from
that calculated for the RCT, based on a caries
care system similar to CCI, considering
caries lesion care according to their severity
and activity status, as well as individual
caries risk.'® Their results showed differences
in averages of tooth surfaces with caries
progression. The Whitehead sample size
calculation formula was used (type I error:
0.05; type II error: 10%; standard deviation:
2.5; expected average of the first and second
groups: 1.3 and 2.1, respectively).”® Due to
the pandemic health system and research
restrictions, no control arm was sustainable
in any centre and we achieved ethics
committee approval to conduct a single-group
interventional study. Thus, the original sample
was halved. Despite this adjustment, a total
of 258 participants was targeted, accounting
for a 25% dropout rate, ensuring statistical
robustness for detecting differences in caries
progression.

Three- to eight-year-old children’s parents
of 17 centres (dental schools/private clinics)
in ten countries (Argentina, Brazil, Colombia,
Dominican Republic, France, Mexico, Peru,
Portugal, Russia and Uruguay) were invited
to the study from routine dental visits to
participate. The following exclusions applied:
children with a major systemic disease,
mental/physical disability, with orthodontic
appliances, or whose family had plans to
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move city or dental practice during the study
period. All invited children, regardless of
their caries risk or caries status, were to be
included in the study, with consent signed by
parents/caregivers and written assent forms
signed by children from all countries (as
requested by regulatory guidelines), except
the Dominican Republic. Subjects were coded
to maintain confidentiality.

Training of dental examiners and dental
practitioners

Centres either counted with a recent trained
examiner in the ICDAS visual caries criteria or
the local centres’ leaders trained for the study
by employing the ICDAS calibration e-learning
in English or Spanish (accordingly),’**
all showing inter-/intra-examiner Kappa-
weighted values 20.7. The dental examiners
and 1-2 dental practitioners per centre
received online training, first by carrying out
both CCI e-learnings (English/Spanish) on
how to implement the CCI and CCI-adapted-
with-no-AGPs caries management system.*"
Online training and dental practitioners’
standardisation was delivered by the steering
committee through: four-hour English and
Spanish workshops covering: the CCI4D cycle
steps;*! the non-AGP procedures (including
defining NOC [non-operative care] and TPOC
[tooth-preserving operative care] interventions
at the tooth surface levels for primary and
permanent teeth with an up-to-date range
of dental materials and techniques)”*** and
online consultation;?* the short behaviour
change tool (based on the behaviour change
wheel);*** the completion of the designed
oral health record (Microsoft Excel, 2010)
(see online Supplementary Information); and
discussing clinical cases to solve questions and
achieve dental practitioners’ standardisation
(emphasising on individual and tooth-surface
level care and the short behaviour-change tool,
as well as in non-AGP).

All centres received related e-learnings,
forms, materials, full oral health records
(English/Spanish), the CCI-adapted chart
(Fig. 1) and didactic oral health practices
and self-assessment aids (which were
locally translated into country language,
printed and provided to all children and
parents).'” Uniformity in care was ensured
through periodic case review between centre
coordinator and dental practitioner. The oral
health record included general information
and three sections: baseline examinations
(T0), intervention, and one-year follow-up

| AUGUST 4 2025
© The Author(s) 2025.

|  RESEARCH |—

examination (T1y) (same as in baseline), based
on the CCI-adapted system (Fig. 1 and study
protocol).”” These sections are displayed in the
study flowchart (Fig. 2), the oral health record
(see online Supplementary Information), and
included at each centre.

Baseline examination (T0)

Caries risk (CCI-1D) was assessed with the
adapted CCI caries risk tool, including three
caries-protective factors, four social/medical/
behavioural factors and four clinical/intra-
oral caries risk factors (Fig. 1). The high/
low caries risk classification was based on an
algorithm constructed by the Study Steering
Committee with caries protective and risk
factors using multiple sources of information:
the CCI Guide® (derived from ICCMS),!0-2¢
cariogram,” American Dental Association
(ADA),” caries management by risk assessment
(CAMBRA)* and the Meyer-Lueckel et al.*
caries risk tools, after undergoing simulation
tests with hypothetical cases and with patients,
discussion and agreement.

Oral health behaviour was classified via
a conjunctively defined (with the Steering
Committee) algorithm into ‘very inadequate),
‘inadequate’ or ‘adequate), based on four oral
health behaviours/practices (caries protective/
risk factors) related to toothbrushing,
daily sugar consumption and poor oral
hygiene practices, and on presence of active
caries (Fig. 1 and online Supplementary
Information). Additional eight agreed oral
hygiene and diet oral health behaviours/
practices were assessed to aid guiding the
not validated short behaviour change tool
based on the behaviour change wheel GPS
(goal, planning, self-assessing) approach to
enhance child/parents’ volition leaning on
the motivation component of the COM-B
model (capability, opportunity, motivation,
behaviour) (Fig. 1 and online Supplementary
Information).?

The clinical examination (CCI-2D),
conducted without air-drying, included
Silness and Loe’s modified biofilm index;*
plaque stagnation areas (i.e., erupting molars
and dental malposition); missing/absent/
close-to exfoliation teeth; and teeth presenting
with toothache and with untreated cavitated
caries consequences (pulpal involvement,
roots, sepsis [PRS]).*> Assessments at the
tooth surface level (conducted after assisted
toothbrushing, with the aid of a WHO probe
and drying tooth surfaces and/or removing
dental biofilm only with cotton rolls/gauze,


https://register.clinicaltrials.gov/prs/app/action/SelectProtocol?sid=S000AGM4&selectaction=Edit&uid=U00019IE&ts=2&cx=uwje3h
https://register.clinicaltrials.gov/prs/app/action/SelectProtocol?sid=S000AGM4&selectaction=Edit&uid=U00019IE&ts=2&cx=uwje3h
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v
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v
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Analysis

luded in the analysi

: n=337 (78.6%)

Fig. 2 CCl-adapted study flowchart. Reproduced from Martignon et al., ‘CariesCare
International adapted for the pandemic in children: Caries OUT multicentre single-group
interventional study protocol’, BMC Oral Health, 2021

without using compressed air/water) included
caries severity and activity assessment using
the visual epidemiological merged ICDAS
(ICDAS-merged-epi) criteria: initial or non-
cavitated (I);
cavitated (E); and active or inactive (Fig. 1).%%
Fillings (f/F) and missing teeth (m/M) were

moderate (Mo); extensive/

also registered. Teeth in need of endodontics/
extraction at TO were referred and not
considered for the analyses (due to need of
AGP or radiographs, restricted during the
pandemic).

Finally, care plans (CCI-3D) were co-created
between examiner, practitioner and parent
(with child). Each plan considered individual-
level care according to risk and oral health
behaviour classifications, and tooth surface-
level care according to caries lesion activity
and severity status, defining it into ‘no care’
(0), ‘active monitoring’ (AM), NOC or TPOC
(Figure 1, Figure 2, online Supplementary
Information).

Intervention

The intervention consisted of caries prevention
and tooth preserving care (4D) (Fig. 1).
Interventions were conducted by the trained
dental practitioners. The basic individual and
tooth surface levels-agreed care included only
non-AGP approaches/interventions (remote
when possible). Individual care involved
homecare and clinical care, including the
implementation of the short behaviour-
change tool Goal, Planning, Self-monitoring
(GPS), to improve oral hygiene and dietary
habits, after discussing with the parent each
inadequate behaviour and setting a goal (G)
to be accomplished; then, planning together
how best to achieve it (P) with the support of
didactic aids and self-monitoring (S) (Fig. 1,
see online Supplementary Information).'”*
While in low caries risk and adequate oral-
health-behaviour patients, only homecare
21000 ppm
fluoride toothpaste toothbrushing reinforced

approaches were included (e.g.,

Table 1 Baseline demographic and
clinical characteristics of children (n=

429)

Age

3years 58 13.5
4 years 65 15.2
5 years 102 23.8
6 years 84 19.6
7 years 61 14.2
8 years 59 13.8
Sex

Female 229 534
Male 200 46.6
Caries risk

Low 127 29.6
High 302 70.4
Prevalence of caries experience (dmf/DMF)
Primary teeth 181 422
Permanent teeth 121 28.2
Eéir:]nl;airnyeznd permanent teeth 205 478

Prevalence of ICDAS-merged-epi caries
experience (ICDAS-merged-epi dmfs/DMFS)

Primary teeth 307 71.6
Permanent teeth 59 13.8
Primary and permanent teeth 375 758
combined

Mean | SD
Number of tooth surfaces with caries
experience (dmfs/DMFS)
Primary teeth (n=429) 35 6.4
Permanent teeth 04 1.2
Primary and permanent teeth 37 65
combined
Number of tooth surfaces with ICDAS-
merged-epi caries experience (ICDAS-
merged-epi dmfs/DMFS)
Primary teeth 15 8.8
Permanent teeth 2.4 33
Primary and permanent teeth 87 9.7

combined

instructions with the dental team), in those
with high caries risk and inadequate oral
health behaviour, these would include
additional clinical approaches (e.g., 5%
sodium fluoride [NaF] varnish every three
months) as well as homecare approaches using
the short behaviour-change tool (Fig. 1, online
Supplementary Information).'” At the tooth
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Table 2 ICDAS-merged-epi dmfs/DMFS by dmf/DMF component and caries activity status
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Fimary st permanet ecth 1=170) pSamnedprinerynd,
ICDAS-merged-epi dmfs/ 10 Ty L Ly i ity
LAl SR TR Mean | (SD) Mean | (SD) p | Mean | (SD) Mean | (SD) p | Mean | (SD) Mean | (SD) P
ds/DS-I inactive 0.4 (1.1) 1.8 (3.0 ** 101 (0.5) 1.2 (2.9) ** 105 (1.2) 25 (4.0) *x
ds/DS-I active 2.2 (4.0 0.2 (1.1) ** 116 (2.7) 0.2 0.7) ** 130 (5.0 0.3 (1.3) **
ds/DS-Mo inactive 0.1 (0.6) 0.3 (0.8) * 100 (0.1) 0.1 (0.5) * 101 (0.6) 04 (0.9) *x
ds/DS-Mo active 1.0 (1.9) 0.1 (0.4) ** 103 (1.0) 0.0 (0.2) 1 (2.2) 0.1 (0.4) **
ds/DS-E inactive 0.1 (0.6) 0.3 (1.4) * 100 (0.1) 0.1 (0.4) * 101 (0.6) 0.3 (1.4) *
ds/DS-E active 2.7 (5.7) 0.2 (0.8) 104 (0.5) 0.1 (0.3) 2.7 (5.7) 0.2 (0.9) *x
ds/DS 1+Mo+E 6.5 (8.3) 29 (4.3) ** 241 (3.1) 1.7 (2.7) 7.6 (9.0) 3.8 (5.1) **
fs/FS 0.5 (1.7) 2.1 4.3) ** 103 (1.0) 04 (1.1) 0.7 (1.9) 2.2 (4.3) *x
ms/MS 0.2 (1.2) 0.1 (1.1) 0.0 (0.4) 0.0 (0.4) 0.2 (1.3) 0.2 (1.1)
ICDAS-merged-epi dmfs/DMFS | 7.2 (8.9) 5.2 (7.1) * 124 (3.2) 2.1 (2.8) 8.4 9.7) 6.2 (7.6) *

Key:

*=p <0.05
**=p <0.001
ds/DS=primary (d)/permanent (D) teeth tooth surfaces with caries lesions

I=initial caries lesion

Mo=moderate caries lesion

E=extensive caries lesion

fs/FS=filled surfaces in primary (f) or permanent (F) teeth

ms/MS=due to caries, missing surfaces in primary (m) or permanent (M) teeth.

surface level, Figure 1 shows the possible non-
AGP dental materials and techniques that
each centre could use for TPOC and NOC for
primary and permanent teeth, depending on
their availability and accessibility during the
pandemic (irrespective of manufacturers) (for
more details see the study protocol, Table 1
and Table 2)."”

In line with the adapted CCI 4D-cycle, if
TO patients were classified as low caries risk,
they were recalled at one year (after T0), while
those classified as high caries risk were recalled
three months after the basic management (after
around five months of T0). At the latter, shorter
versions of risk determination and oral health
behaviour were applied. One protective factor
and six risk factors were re-assessed, as well
as four coinciding oral health behaviour/
risk items mentioned above, reclassifying the
child accordingly (see online Supplementary
Information). Individual- and tooth surface-
level care followed as appropriate, including
adjusting the risk-based recall interval.””

Throughout the study, caregivers/children
phone call or message reminders were used
regularly to plan online/on-site appointments
and to enhance oral-health-related-behaviour
adherence. Incentives included behaviour
change online/printed didactic tools, online
periodical assessment of oral health practices’

progress, and messages on special dates like
Christmas or birthdays.

One-year follow-up examination (T1y)

A follow-up reassessment was conducted
after 12 months (T1y) by the examiner blind
to the intervention. This included the same
assessments as TO.

Parents’ and dentists’ acceptance of the dental
care process was assessed at five months with
an adapted version of the validated treatment
evaluation inventory (TEI),*** which underwent
ateach site alocal language understanding process.
Instruments consisted of ten-item (parents/
dentists) self-assessed online questionnaires. A
five-point Likert answer scale was used, in which
five corresponded to the highest grade for each
domain: oral health knowledge/information
(a lot more); care plan adherence (increased a
lot); behaviour change (these contributed a lot);
satisfaction with care (very satisfied); and care
plan learnings’ applicability (in a great measure),
and one is the lowest grade.

The Study Steering Committee periodically
audited online the general conduction of the
study after receiving a periodic report from each
coordinator centre. The latter also periodically
audited their centre by assessing the databases
of a number of subjects independently from
the dental practitioners.”” Missing data were
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identified and collected through a meeting
with respective centres’ coordinators.

Child dropout criteria from the study
included: patient’s/parent’s voluntary trial
withdrawal; not attending appointments after
three phone/message reminders; and moving
from institution/school or city.

Outcomes

o Primary health outcome - difference in
TO-to-T1y mean number of tooth surfaces
with caries and Tly percentage of tooth
surfaces with control of caries progression

 Secondary health outcomes — T1y proportion
of children with caries-progression control,
low caries risk, adequate oral health behaviour,
no extractions, no toothache, and proportion
of parents and dentists with reported high
dental care process acceptance levels.

Statistical analysis

At TO and Tly, the individual- and tooth
surface-level data, as well as parents’/dentists’
TEI data, were digitally registered per patient
in each centre by a blinded research assistant
and stored with limited access in a designed
Microsoft Excel (2010) database. Each centre
sent their data to the data-management team.
Then, data were organised into a dataset with
quality assurance and validation.
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Fig. 3 Proportion of children according to caries risk and to oral health behaviour
classifications at T0 and T1y. a) Caries risk. b) Oral health behaviour

a. Caries risk

b. Oral-health behaviour

Proportion of children (%)

T0:Baseline  T1y: 1-year follow-up
B Low caries risk High caries risk
2bp<0.05

Demographic and clinical features of
the participants (centre, sex, age, caries
experience, caries risk, oral health behaviour,
toothache) and dental care acceptance were
described using mean and standard deviation
(quantitative variables) and percentages
(qualitative variables). The ICDAS-merged-
epi caries experience (ICDAS-merged-epi;
decayed, missing and filled teeth [dmfs/
DMEFS]) was calculated to characterise the
population at TO and T1y (for primary teeth:
ICDAS-merged-epi dmfs; permanent teeth:
ICDAS-merged-epi DMFS; and combining
both: ICDAS-merged-epi dmfs/DMFS), and
discriminating for the d/D component the
caries severity (d/D-I, d/D-Mo, and d/D-E)
and activity (active, inactive) stages. The T0
mean number of tooth surfaces with ICDAS-
merged-epi dmfs/DMFS of patients who
finished the study was compared with the one
of the dropout patients (¢ test analysis).

The difference in T0-to-T1y mean number
of tooth surfaces with caries lesions was
calculated.

Caries progression was defined as a
progression from the TO tooth surface diagnosis
(sound surface; sealing; initial/moderate/
extensive active/inactive caries lesion; filling)
and basic management care decision (no care;
AM; NOC; TPOC) to the presence in T1y of
new caries lesions; caries severity increase
or an active caries lesion; or a new filling
or a filling with caries (PRS, toothache or
new extraction). The percentage of primary,
permanent and combined tooth surfaces with
Tly caries progression control was obtained

T0: Baseline

T1y: 1-year follow-up
B Adequate M Inadequate B Very inadequate
«dp<0.05

by subtracting out of the total number of tooth
surfaces at TO after care decision (for each teeth
type), the number of tooth surfaces in which
there had been caries progression at T1y (e.g., if
at TO the care decision for a moderate inactive
caries was NOC, and at Tly it was restored,
this was considered as caries progression; on
the contrary, if at TO the care decision for a
moderate inactive caries was TPOC, and at Tly
it was assessed as filled, this was considered
as no caries progression). Based on a previous
study using ICCMS,* a percentage of over
90% of tooth surfaces with control of caries
progression was expected.

In addition, the proportion of children with
T1y control of caries progression, extractions,
toothache and failure of fillings was calculated.

The TEI responses were analysed using
means and standard deviations, treating the
Likert-scale data as continuous variables.

All statistical tests were two-tailed tests.!”
Mainly parametric methods were used; non-
parametric methods were used when data
did not meet the former criteria. Statistical
significance level for all two-sided tests were
set at 0.05.

Results

Out of the 17 centres which participated, 16
finished the study with one-year follow-up at
the set deadline (94.1%; 3 European, 13 Latin
American [except Brazil]), with a total of 337
children (78.6%). Number of centres starting
recruitment by year quarter corresponded
to: n=3 (2020 - 4%), n=2 (2021 - 1*), n=5

(2021 - 27), n=2 (2021 - 349) and n=>5 (2021
—4™). Table 1 shows demographic and clinical
characteristics of the 17-centre sample who
initiated the study (n=429). Mean number
of children participating per centre was
of 25.2+5.3 with a mean age of children of
5.5+ 1.6 years. Most were classified as high
caries risk (70.4%) and presented with ICDAS-
merged-epi caries experience in primary and
permanent teeth combined (ICDAS-merged-
epi, dmfs/DMES) (75.8%), with a mean number
of tooth surfaces with ICDAS-merged-epi
dmfs/DMEFS of 8.7+9.7. All countries, apart
from Russia, counted with a community water
or salt fluoridation programme.

In children who completed the study
(n=337), the TO prevalence of ICDAS-
merged-epi dmf/DMFS (primary and
permanent teeth combined) was of 76.3%,
with a mean number of tooth surfaces with
ICDAS-merged-epi dmfs/DMFS of 8.4+9.7.
The TO mean number of tooth surfaces with
ICDAS-merged-epi dmfs/DMFS of children
who finished the study was not significantly
different from that of children the 92 (21.4%)
who did not complete the study (8.4+9.7vs
9.3+9.1, respectively) (p=0.42).

Table 2 shows the mean number of tooth
surfaces with ICDAS-merged-epi dmfs/DMFS
for the primary teeth (n=337), permanent
teeth (n=170), and combined primary and
permanent teeth (n=337), discriminating by
each dmf/DMF component and considering
besides the severity and the activity status
of the caries lesions. There was a significant
decrease from TO to T1y in the mean number
of tooth surfaces with ICDAS-merged-epi
dmfs (T0: 7.2+8.9; Tly: 5.2+7.1) (p<0.05)
and in the ICDAS-merged-epi dmfs/DMFS
(TO: 8.4+9.7; Tly: 6.2+7.6) (p<0.05), while
without statistical significance for ICDAS-
merged-epi DMF (T0:2.5+3.2; T1y: 2.1+2.8)
(p>0.05). With respect to caries, with the
exception of DS-E and of ds/DS I+Mo+E, there
were overall significant decreases in the mean
number of active caries lesions, together with
a significant increase in the mean number of
inactive caries lesions (p <0.05). Mean number
of filled tooth surfaces increased significantly
(p <0.05), except for the permanent teeth.

The online Supplementary Information
shows the detailed one-year caries progression
status (progression control/progression) and
score (including sealing) for the primary and
the permanent teeth, considering baseline
score and care decision. There was a T1y tooth
surface control of caries progression of 98.7%

BRITISH DENTAL JOURNAL | ONLINE PUBLICATION | AUGUST 4 2025

© The Author(s) 2025.



in the primary teeth (out of the 24,542 TO
tooth surfaces, after excluding for this analysis
31 primary teeth with extraction need). The
corresponding figure for the permanent teeth
was of 99.3% (out of 8,525 T0 tooth surfaces).

At the individual level, there was a Tly
control of caries progression in 75.1% of
children: extractions (98.2%), toothache
(100%) and failure of fillings (97.3%).

After one year, high caries risk and very-
inadequate/inadequate oral health behaviour
were controlled in most children, with a
significant increase of children with both low
caries risk (T0: 32.9%; T1: 86.6%; p <0.05), and
adequate oral-health behaviour (T0: 22.3%; T1:
72.7%; p<0.05) (Fig. 3).

Table 3 shows the results of the parents’
and dentists’ dental care process acceptance.
All children’s parents answered the TEI
questionnaires (1 =337). There was a high/very
high acceptance of CCI, with CCI principles
(questions 1-7) showing a change to ‘more’
and ‘a lot more’ parents’ knowledge/learning/
information/understanding. They reported
adhering to child’s health recommendations
‘more’ to ‘a lot more’ by co-creating the child’s
care plan together with the dentists; likewise,
with the change in behaviours regarding
toothbrushing and sugar intake control, and
in awareness to avoid cavity formation. They
reported being ‘satisfied’ to ‘very satisfied’ with
the use of the non-AGP procedures and that
they could apply for themselves what they
learnt from the child’s dental care ‘a lot’ to
‘very much’

The dentists’ TEI questionnaire was
answered by the 2-3 dentists involved in
each of the 16 centres (n=40). Results were
similar to those from parents, showing a
high CCI use acceptance. The highest rated
question corresponded to ‘more’ to ‘alot more’
information in patients/parents about how to
look after the child’s teeth and mouth health.
No significant differences were found between
the 11-question answer scores in the parent/
dentist questionnaire (p >0.05).

Discussion

This multicentre, single-group, interventional
the 12-month
implementation in children of CCI adapted for

study found, after
the pandemic, control of caries progression at
the tooth-surface level, and control of caries
progression and of caries risk, in most children.
CCI was highly accepted by both parents and
dentists.

|  RESEARCH |—

Table 3 Parents’ and dentists’ dental-care process acceptance (treatment evaluation

inventory) (parents n=337 and dentists n=40)

Parents Dentists
. . Acceptance
Questions to parents/dentists {Likertscale)
Mean = SD
How much:
More knpwledge abqut the child's teeth health do you think you and your child/ 44210 44409
your patients and children now have?
Did you/your patients learn about the child's risk of developing caries? 47+0.8 44+09
More information do you think you/your patients/parents now have about how
to look after the child's teeth and mouth health? 46+09 48+07
How much do you think:
The co-creation of a care plan between the dentist and together with the
parents/patients enhances the patient/parent understanding and adherence 4.7+0.7 43+1.0
to the plan?
The early caries management (non-operative care of initial active caries lesions)
helped you/your patients' parents to change awareness of seeking to control 4.8+0.6 43+11

the caries situation before it becomes a cavity (at an early stage)?

How much do you think the home care and in-office individual-level approaches helped you/your

patients’ parents to change the behaviour towards:

Restricting the child's free-sugar intake? 47+0.8 41+1.0
Assuring the child's twice-a-day toothbrushing with fluoridated toothpaste? 47+0.8 45+09
How satisfied do you feel with the:

Procedu_res used by the dentist to restore child s cavities without drilling/ 48+07 46+08
conduction of non-AGP tooth-preserving operative care?

Personalised assessment to dec_ide when thg child should come for recall 48406 46408
(personalised risk-based recall interval decision)?

How much you feel:

You can apply what you learned from the child’s dental management/your 48506 454009

patients/parents will be able to use and apply what they learned from CCI.

Even though the original study design would
have been a pragmatic RCT for which all 21
centres signed up in 2019, the pandemic still
became an opportunity for implementing
and testing the CCI system in another
environment where there was a great need
to adapt to new threats, hence the avoidance
of aerosols (non-AGP) and reduction of
in-person clinical time."” No control group
following standard practice including AGP
procedures was ethically possible due to the
public health emergency. This study type has
been used elsewhere (e.g., oncology) as the
only or one of the few options for evaluating
therapies for which placebos are not ethical
and control groups are limited.*® In addition
to the ability to explore the caries progression
control effectiveness of CCI in the dental
practice setting, together with its feasibility in
terms of acceptance,” the CCI-adapted trial
offered centres a pandemic-appropriate way
to offer dental care to children.”® Such care was
not possible for long periods of time during the
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pandemic in many countries.*****"42 The study
period of one year, linked to the ethical and
technical viability, could also be a limitation
of the study, altogether rendering the need to
interpret findings carefully.

As for the one-year study duration, Zandona
et al.*® shows that the use of the ICDAS criteria
with severity and activity status assessment
favours the assessment of progression of caries
lesions and appearance of new lesions within
that period of time.* Also in the current study,
with increasing severity, a higher percentage
of lesions progressing to cavitation increased
(28% of moderate caries lesions versus 1.5% of
initial caries lesions) (see online Supplementary
Information). The findings of this study could
be partly explained by the comprehensiveness
of the CCI caries management system through
patient-centred, preventively-based care with
an emphasis on caries prevention and control,
and minimally invasive caries management
where necessary.®' ICCMS demonstrated in
a three-year multicentre RCT of children in
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Colombia to be more effective in controlling
caries progression than the conventional
national caries management system.*® While
in that study the proportion of active caries
lesions at the end of the study was over 49%,
this correspondeds to 18% in this study.
Current, more positive findings include a
shorter follow-up time and the use of only
low/high caries risk classification categories,
instead of three (ICCMS)," allowing for
clearer management planning.® Adapted
CCI gave special emphasis to improve oral
health practices through the use of a short
COM-B behaviour change tool (Capability,
Opportunity and Motivation capable of
changing Behaviour),"” following psychological
behaviour change science,**>* proven to be
effective in improving periodontal treatment
outcomes.® In addition, this tool focused on
improving two critically relevant behaviours
to prevent caries, namely, twice-a-day
>1000 fluoride toothpaste toothbrushing,*
and reducing daily sugar intake.”” The remote
consultation conducted with parents/children
to assist the behaviour-change approaches
would also possibly have had an impact in the
study outcomes.*® Even though a Hawthorn
effect could have been present,* beside
self-reporting practices, biological markers
indicating pursuing practices (presence of
dental biofilm and active caries lesions) were
used. Success here could more possibly relate to
the intervention behaviour change techniques,
including education, training, modelling and
incentivisation.”** The Hawthorn effect could
also be the case for parents’ acceptance of the
system,* but another explanation for this high
acceptance could be related to the unique
circumstances of pandemic period (e.g., more
family time at home). The parents’ and dentists’
high acceptance of CCI, in particular on the
knowledge of how to improve the children’s
oral health and the parents’ participation in the
treatment plan, show similarities with the TEI
previously reported for the use of the Denplan/
Previser patient assessment tool.** As for the
inability to compare the acceptance of parents
(and dentists) with another intervention, the
ICCMS caries-control effectiveness study
using a similar caries management system,
in comparison to standard care, showed a
significantly higher compliance of parents
towards ICCMS.*

Even though there is a potential examiner
bias in the final assessment, the robustness of
our results can be supported first by the fact
that examiners were blind to the one-year

interventions. Also, the T0-to-T1y decrease
in the mean number of caries lesions could be
explained in a large part by restorations and
sealants used for moderate-extensive caries
lesions, but also by sealants used for some
initial ones, as well as by other strategies, such
as fluoride topical application and increased
frequency and quality of fluoridated toothpaste
toothbrushing. >

The Brazilian centre did not finish by the
study deadline due to ethical approval delays
and a three-month clinic closure for structural
issues after starting. Despite the loss of the
latter and other children’s dropouts, the sample
size was achieved.

Besides ICCMS, other caries management
systems that support NOC have also shown
caries control effectiveness at longer period
times in children*® and adults'® when compared
to standard care, while Innes et al. did not
find significant toothache/infection-episode
differences of cavity sealing versus conventional
operative care or only individual-level care
in children.” Risk-related personalised care
has also been shown to offer caries-control
effectiveness: in Russia with Nex6-method
principles, which are similar to those of CCL*
and in the USA with the CAMBRA system,
which in contrast to CCI uses antibacterial
therapy.® The use of the Hall technique and
atraumatic restorative treatment (ART) in
the CCI-adapted protocols allowed for tooth-
preserving operative care without AGPs. Both
procedures, as well as other non-operative
approaches, like silver diamine fluoride, fluoride
varnish and sealants, have been recommended
in recent caries-management guidelines,” and
could support the caries progression control
found after one year. A cross-sectional survey
assessing changes in dentists on minimum
caries management interventions during
COVID-19 disclosed increased use of ART
and of NOC but with a small perceived
effect.”® The use of non-AGP relates to non-
restorative treatments for caries, supported
by both systematic review and network meta-
analysis,” and derived ADA evidence-based
clinical practice guidelines.> NOC is not only
considered for initial but also for moderate
and extensive caries lesions. Coinciding with
current study NOC options, most effective
procedures for arresting non-cavitated carious
lesions on primary/permanent teeth were
sealants plus 5% sodium fluoride (NaF) varnish
(occlusal/proximal); 5% NaF (buccal/lingual);
and for arresting advanced cavitated carious
lesions, 38% silver diamine fluoride solution

applied biannually (any coronal surface).”
Nevertheless, the translation into practice of a
less curative approach,” with a patient-centred,
preventively based and health-outcome focused
caries care system (CCI) is still challenging.
On the other hand, the increasing European,
American and Latin American CCI website
traffic and the CCI similarities to ICCMS (with
friendly daily practice adaptations) encourages
its adoption to move towards effective less
invasive caries care.”

The implementation in practice of a caries
management system such as CCI that focuses
on health outcomes has widespread support
from different areas (including the CCI
webpage) but the process needs to speed up.
The implementation of the cariology teaching
consensus for undergraduates that started
with the European core curriculum over ten
years ago,*® and which was recommended
and/or nationally adapted in many countries,
seems to be slower than expected.”” From the
policymaker perspective, the support that
appeared over 20 years ago from the FDI for
‘minimal intervention in the management
of caries’ has also had a slow uptake in daily
clinical practice, which further motivated
the FDI in 2019 to promote the principles
of ICCMS." This also led to the International
Standards Organisation (ISO) using ICCMS
terminology (equal to ICDAS-merged criteria)
as the global standard for dental caries (https://
www.iso.org/obp/ui/#iso:std:is0:1942:ed-
3:vl:en). The 2021 WHO resolution on oral
health also supports the CCI approach,"*
and furthermore, CCI addresses the dental
coverage gap considering dental care as an
essential health benefit for all age groups
and working with the Global Collaboratory
for Caries Management (with the Alliance
for a Cavity-free Future) towards paying for
comprehensive dental care.>*® From the dental
practitioner’s perspective, there has been a
worldwide spread of educational materials
to translate the current care philosophy to
clinical practice (besides the ones already
mentioned above), including a short time
to clinically assess caries with the ICDAS-
merged criteria (around four minutes),*
the development of standardised software
for the caries care oral health record,' and
assessment of the implementation of CCI in
real clinical scenarios in eight Latin American
dental schools within the Latin American Oral
Health Organization call for action initiative
(https://laoha.org/newsletters/en/ed10_eng_
newsletter_laoha_2023.pdf).

BRITISH DENTAL JOURNAL | ONLINE PUBLICATION | AUGUST 4 2025

© The Author(s) 2025.


https://www.iso.org/obp/ui/#iso:std:iso:1942:ed-3:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:1942:ed-3:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:1942:ed-3:v1:en
https://laoha.org/newsletters/en/ed10_eng_newsletter_laoha_2023.pdf
https://laoha.org/newsletters/en/ed10_eng_newsletter_laoha_2023.pdf

Finally, given the current non-pandemic
situation, confirmation of the findings of this
study would benefit from an RCT testing the
caries progression control effectiveness of the
CCI caries management system in children.

Conclusion

CCI adapted for the COVID-19 pandemic
showed, after one year of implementation,
control of caries progression and caries risk
in children, as well as a high acceptance by
children’s parents and dentists.
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