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Abstract 

Children who are at a significant risk of developing caviLes and thus undergoing mulLple 
restoraLve procedures will likely experience higher rates of restoraLon failure; however, lit-
tle is known about how structured caries-protocols for controlling disease can affect survival 
rates of restoraLons for paLents at high-risk of caries. The goal of the study was to gather 
evidence regarding the effect of structured caries-control protocols involving caries-risk as-
sessments, topical fluoride/silver diamine fluoride treatments, sealants and enhanced oral 
hygiene educaLon on the 24-month survival rate of restoraLons in high-caries-risk children 
compared to those receiving tradiLonal restoraLve care. In this prospecLve cohort study, 
340 high-caries-risk children between the ages of 4-10 were enrolled (170 per group) and 
parLcipated in the study for 24 months. Evaluators used modified United States Public Health 
Service criteria to evaluate the restoraLons, and the data were analyzed by using the Kaplan-
Meier survival analysis and mulLvariable Cox regression. Of the 340 children enrolled, 320 
completed a restoraLon evaluaLon at 24 months. A total of 944 restoraLons were evaluated 
as well. The cumulaLve survival rate for restoraLons in the study group receiving structured 
caries-control protocols was significantly (p<.001) higher (84.1%) than that of the study group 
receiving tradiLonal restoraLve care (59.7%). Other variables that had a staLsLcally signifi-
cant associaLon with restoraLon failure included treatment with convenLonal care, poste-
rior tooth locaLon, poor oral hygiene and non-adherence to recall appointments. Based on 
the findings of this study, implementaLon of structured caries-control protocols into a re-
storaLve treatment plan greatly improved restoraLon survival rates for high-caries-risk chil-
dren and supports the use of structured caries-control protocols in rouLne pediatric dental 
care pathways. 
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Introduc)on 
Worldwide, dental caries is sLll one of the most 
common chronic diseases affecLng children, 
although it is unevenly distributed, with a mi-
nority of children having a greater share of the 
disease burden. High-risk caries paLents have 
characterisLcs such as recurrent cavitaLon, 
heavy biofilm accumulaLon, a high frequency 
of fermentable carbohydrate intake, and lim-
ited access to prevenLve dental services. 

Because of these factors, and because nearly 
all restoraLve treatments alone are inade-
quate to stop the progression of disease in 
these children, restoraLons placed in a biolog-
ically acLve carious environment will generally 
experience accelerated marginal breakdown, 
secondary caries, or premature failure. 
The longevity of primary teeth and permanent 
restoraLons are influenced by a mix of factors, 
including those related to dental materials, the 
denLst, and the paLent. For paLents, the 

acLve presence of decay will have the largest 
effect on how long a restoraLon will last; for 
example, an exisLng restoraLon may need to 
be replaced if there are new caviLes at the 
margins of that restoraLon. A study conducted 
over 24 months comparing restoraLve tech-
niques used to treat carious primary molars 
found that the outcomes of restoraLons varied 
significantly by both the posiLon of the tooth 
and the technique used, demonstraLng that it 
is not possible to determine how long 
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restoraLons will last based solely on the resto-
raLons themselves and not also taking into ac-
count the broader peri-operaLve decay envi-
ronment in which they will be placed [1]. This 
finding is further supported by a study involv-
ing prospecLve evidence and longer intervals 
between re-evaluaLon of restoraLons in the 
permanent molars with developmental 
enamel defects, which similarly demonstrated 
that the survival of restoraLons placed follow-
ing the selecLve removal of carious denLn de-
pended on both the severity of the baseline le-
sion and the length of Lme between evalua-
Lons [2]. 
Caries Risk Assessment (CRA) Tools - The Caries 
Management by Risk Assessment (CAMBRA) 
Protocols have been developed to move away 
from a purely restoraLve, drill-and-fill ap-
proach toward a more personalized and pre-
venLve approach by straLfying paLents by 
their risk and applying individually tailored pre-
venLve and restoraLve strategies [3]. CAMBRA 
provides a framework for caries management 
in both children and adults through a system-
aLc assessment of mulLple features associated 
with caries (e.g., pathogenic bacteria, frequent 
snacking, reduced salivary flow) and estab-
lished protecLve factors (i.e., fluoride expo-
sure, anLmicrobial therapy) that influence the 
risk of developing caries and will drive the ulL-
mate treatment approach [4]. 
Even if the idea of managing caries based on a 
person's risk is appealing, the evidence that 
structured caries management protocols have 
improved the survival of restoraLons in high-
risk children is scahered. There are systemaLc 
reviews of the CAMBRA protocol that have re-
ported high levels of inconsistency between 
study designs, and they have recommended 
that more prospecLve studies occur with ade-
quate length of follow-up to see if managing 
caries risk changes clinical outcomes, rather 
than just assessing a person’s risk to develop 
caries. They have idenLfied children up to age 
six years old as having a lack of evidence in this 
area [4]. In addiLon, there are broader reviews 
of standardized caries risk assessment models 
that are quesLoning how consistently these 
models can predict the trajectory of disease 
and treatment without data to support their 
use when providing dental treatment [5]. 
There are also methodological reviews report-
ing similar concerns about the level and quality 
of evidence with pediatric caries risk assess-
ment tools among young children [6]. 

Similarly, when we examine large pragmaLc 
trials of school-based prevenLve programs for 
children using silver diamine fluoride, fluoride 
varnish, and glass ionomer sealants that have 
been developed under protocols specifically 
targeLng low income and high risk populaLons 
[7], we find that these trials have resulted in 
significant decreases in caries incidence and 
progression among those populaLons [8,9]. 
However, most of these trials were not pow-
ered to detect differences in the survival of res-
toraLons already in place, but rather in the 
ability of these products to arrest or prevent 
caries. 
This gap creates an important clinical need for 
providers of pediatric dental services, parLcu-
larly those that are publicly funded or other-
wise limited in resources, to efficiently allocate 
the limited resources available to them for 
providing care through their use of restoraLve 
materials and operaLve Lme. If the ability to 
demonstrate an increase in the funcLonal lon-
gevity of restoraLons placed within a struc-
tured protocol for controlling caries, layered 
on top of convenLonal restoraLve treatment, 
is achieved, then the implicaLons will directly 
impact treatment planning, recall scheduling 
and allocaLon of resources for pediatric dental 
services. Moreover, observaLonal data sup-
port that a child already defined in the highest 
risk category for caries will have a greater 
chance of requiring restoraLve treatment in 
the future. There is a raLonal basis for using 
risk-Lered prevenLve care pathways [10]. 
The purpose of the present prospecLve cohort 
study was to compare restoraLon survival in 
high-caries-risk children receiving a structured 
caries-control protocol (including caries-risk 
assessment; topical fluoride or silver diamine 
fluoride applicaLon; pit-and-fissure sealants on 
at-risk surfaces; reinforced oral hygiene coach-
ing), plus convenLonal restoraLve treatment, 
to high-caries-risk children receiving conven-
Lonal restoraLve treatment only. The specific 
objecLves were: 
1. To estimate and compare the cumu-
lative survival of restorations for the 24 
months following placement for high-caries-
risk children treated with a structured caries-
control protocol versus those that have not 
been. 
2. To identify independent clinical and 
behavioral predictors of restoration failure in 
this population using multivariable survival 
analysis. 
3. To examine the differential effect of 
caries control on restoration survival based on 
restoration location (anterior versus poste-
rior), and on recall adherence. 
We hypothesized that high-caries-risk children 
treated with a structured caries-control proto-
col would have greater restoraLon survival 

rates at the 24 months compared to those 
treated with convenLonal restoraLve care 
only. 
 
Material	and	Methods	
The research was set up as a cohort study that 
followed parLcipants for 24 months. The study 
took place in three associate clinics that pro-
vide dental care to children. The parameters of 
the study follow the STROBE criteria for cohort 
studies [11]. 
Prior to the recruitment of parLcipants, ethics 
approval to conduct the study was secured 
through an InsLtuLonal Ethics Review Board 
(IRB). The study was also registered on clinical-
trials.gov. The consent of a parent/legal guard-
ian was obtained in wriLng and children aged 7 
and older provided verbal assent. 
As part of the rouLne delivery of dental care, 
children (4-10 years of age) who were screened 
for eligibility were screened for high-risk status 
for caries using a caries-risk assessment instru-
ment based on CAMBRA. Children were rated 
as "low" to "moderate" to "high" to "extreme" 
risk for development of caries based on the 
clinical findings (i.e., acLve white-spot lesion, 
visible plaque, mulLple cavitated lesions), mi-
crobiological indicators, paherns of eaLng and 
drinking, salivary funcLon and/or flow rate, 
and history of fluoride exposure [12]. All chil-
dren who were idenLfied as being high-risk or 
extreme risk for caries were included in this 
project. 
To be included in the study, the children must 
have met the following inclusion criteria: (1) be 
age 4-10 at the Lme of enrollment; (2) be clas-
sified as high (i.e., caries risk status) or extreme 
caries risk (i.e., caries risk status); (3) exhibit at 
least one carious lesion in a primary or perma-
nent posterior or anterior tooth which requires 
restoraLon; (4) be able to cooperate in a clini-
cal evaluaLon and restoraLve procedure; and 
(5) provide wrihen parental/guardian consent 
for 24 months of follow-up (guardian/parental) 
to parLcipate in the study. Exclusion criteria 
were as follows: (1) systemic health condiLon 
or medicaLon that is associated with inde-
pendent risk for caries; (2) craniofacial malfor-
maLons or craniofacial anomalies which inter-
fere with tooth morphology; (3) a history of or-
thodonLc treatment; and (4) anLcipate moving 
out of the geographic area served by the study 
by the Lme of follow-up. 
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Due to the impracLcability and potenLal ineq-
uiLes associated with implemenLng a random-
ized prevenLve care pathway at each of the 
parLcipaLng clinics as part of their Standard 
OperaLng Procedures, paLents were assigned 
to the caries-control protocol group or the 
standard care group via the standard care 
pathway currently in effect at that clinic when 
they enrolled; thus, the design is a non-ran-
domized prospecLve cohort study. To reduce 
the potenLal for confounding as a result of the 
manner in which paLents were allocated to 
their treatment groups, both of the clinics im-
plemenLng the structured caries-control pro-
tocol and the clinic providing tradiLonal restor-
aLve care only served populaLons that were 
comparable on the basis of socio-economic 
and demographic characterisLcs, and baseline 
comparability of intervened subjects was eval-
uated using validated staLsLcal tools (Table 1). 
Children in the Caries Control Protocol group 
received: 
1. Baseline caries risk assessment (CRA) 
with individualized risk counseling for each 
child's parent/guardian. 
2. Professionally applied topical fluo-
rides (fluoride varnishes containing 22,600 
ppm fluoride) applied every three months with 
the first dose at baseline, and silver diamine 
fluorides (38% w/v) applied to non-restorable 
or minimally cavitated carious lesions where 
restoration was not yet indicated. 
3. Resin-based pit-and-fissure sealants 
placed onto caries-free or minimally affected 
occlusal surfaces of erupting and erupted per-
manent molars. 
4. Structured oral hygiene instructions 
and dietary counseling provided and rein-
forced at the time of each recall visit. 
5. Conventional restorative treatment 
of cavitated teeth using resin composites (an-
terior restorations and Class I/II posterior res-
torations) and glass ionomer/stainless steel 
crowns, according to standard isolation and 
adhesive protocols, based on the extent of the 
cavity. 
Children in the convenLonal treatment group 
received rouLne dental care as defined by 
standard protocols using the same methods 
and technologies outlined above, including 
rouLne oral hygiene instrucLons given at the 
first scheduled appointment, but no structured 
risk straLficaLon based on CRA, no fluoride 
varnish or silver diamine fluoride to be reap-
plied on a predetermined schedule, and seal-
ant placement will not be included. 
All restoraLve work on children in either treat-
ment group was performed by fully trained Pe-
diatric DenLstry Residents under the direct su-
pervision of a Board-CerLfied Pediatric DenLst, 
will use the same, standardized technique for 
isolaLon during restoraLve procedures, cavity 

preparaLon and adhesive placing procedures 
to minimize any operator error. 
The main objecLve of this study was to deter-
mine how long a restoraLon will last aner 
placement (e.g., the amount of Lme between 
when a restoraLon is placed and when it fails). 
A restoraLon is said to have failed if there is a 
need for redoing or repairing it due to second-
ary carious lesions, fracture, loss of retenLon, 
marginal breakdown, or pulp-related prob-
lems. 
Evaluators (not aware of which group the child 
was assigned to) evaluated restoraLons at 3, 6, 
12, 18, and 24 months post-placement, using 
modified United States Public Health Service 
(USPHS) criteria to assess restoraLons. The var-
ious criteria included anatomic form, marginal 
adaptaLon, marginal discoloraLon, secondary 
carious lesions, and surface texture. Restora-
Lons that do not meet the “Alfa” (acceptable, 
needs no changes) or “Bravo” (acceptable with 
non-cavity-creaLng minor defect) were consid-
ered a failure. The reliability of evaluators, with 
10% of examiner pairs being randomly selected 
for evaluaLon at each visit interval, was 0.86 
(Cohen’s kappa). 
Secondary outcomes measured were the de-
velopment of new carious lesions in the area 
not restored, the child’s oral hygiene (at each 
visit assessed using a simplified plaque index) 
and the number of missed scheduled recall ap-
pointments (if>80%, considered adherent). 
To detect a 15% difference in 24-month failure 
rates based on previous studies of restoraLon 
longevity in children, a priori sample size was 
calculated based on 85% expected success rate 
for the caries protocol vs 70% for standard 
care. Expected difference was calculated with 
a significance level of 0.05 and 90% power and 
included a design effect of 1.2 (to account for 
mulLple restoraLons in each child). A mini-
mum of 152 paLents per group (N = 304) is 
needed; aner allowing for a 10% drop out rate 
by 24 month follow up, final enrollment goals 
of 170 paLents per group (N = 340) will be re-
quired. 
We used means and standard deviations to 
summarize the baseline characteristics of con-
tinuous variables; frequency and percentage to 
summarize categorical variables. Differences 
between the independent samples were deter-
mined using the independent-samples t test or 
the chi-square test for numeric data and cate-
gorical data, respectively. Restoration-level 
survival time was assessed with the Kaplan-
Meier method and compared between groups 
using the log-rank test. A robust (Huber-White) 
sandwich variance estimator was used to ac-
count for clustering of restorations within chil-
dren. The multivariable Cox proportional haz-
ards regression was used to estimate the ad-
justed hazard ratio (HR) with 95% confidence 

interval (CI) for restoration failure, with covari-
ates chosen a priori based on clinical relevance 
and prior literature (group assignment, tooth 
site (anterior, posterior), restoration material; 
baseline caries-risk category; oral hygiene sta-
tus; recall adherence). The proportional haz-
ards assumption was evaluated using Schoen-
feld residuals. A two-sided p < 0.05 was the 
threshold for statistical significance. All anal-
yses were completed with commonly available 
statistical software packages for survival analy-
sis.	
	
Results	
A total of 410 children were screened, and 340 
were found to be eligible for the study and 
therefore enrolled (170 each in both groups). 
Over the course of the 24-month follow-up pe-
riod, 20 children were lost to follow-up (8 in 
the caries-control protocol arm and 12 in the 
convenLonal care arm), primarily due to with-
drawal of consent or relocaLon. UlLmately, 
320 children completed the 24-month follow-
up (162 caries-control protocol, 158 conven-
Lonal care) and were included in the overall 
survival analysis data set, thereby providing 
944 restoraLons (481 vs 463, respecLvely). 
ParLcipant flow can be viewed in Figure 1. 
As displayed in Table 1 (see Methods), the 
baseline demographic and clinical characteris-
Lcs were equal between the groups; and there 
were no differences (all p > 0.05) between the 
groups in age, sex distribuLon, baseline dmn 
(decayed, missing or filled teeth) or DMFT (de-
cayed, missing, or filled teeth), risk for caries 
(tooth decay), basic oral hygiene or household 
income brackets — which validates the com-
parisons between the groups in all characteris-
Lcs tested. 
Our 24-month study found that while restora-
Lon survival rates were good (84.1%) for cases 
treated under the caries-control protocol, only 
about half (59.7%) of all restoraLons repaired 
with convenLonal care lasted at least 24 
months. CumulaLve survival rates measured 
with Kaplan-Meier survival curves were staLs-
Lcally significantly different (p<0.001) at the 6-
month follow-up. CumulaLve failure rates 
were also staLsLcally significantly different be-
tween groups (p<0.001) and had significantly 
increased for subjects receiving convenLonal 
care by the end of the follow-up period. The 
number of restoraLons that failed for parLci-
pants in the caries-control protocol was con-
sistently lower than that of the convenLonal 
care group at each evaluaLon point (see Table 
2). In general, this trend is consistent with the 
divergence of Kaplan-Meier curves for both 
treatment groups displayed in Figure 2. 
There are significant differences in the success 
rate of restoraLon aner 24 months based on 
the locaLon of the tooth and the individual's 
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behavior. Figure 3 illustrates these findings. 
Anterior restoraLons had a higher success rate 
than posterior restoraLons. Specifically, suc-
cess rates for anterior restoraLons in the car-
ies-control protocol group (91.4%) were 
greater than those for posterior restoraLons 
(80.2%). Similarly, in the convenLonal care 
group, anterior restoraLons had a higher suc-
cess rate (78.9%) than posterior restoraLons 
(52.1%). Children with good oral hygiene ex-
hibited significantly more successful restora-
Lons than children who had poor oral hygiene 
in both groups; further, successful restoraLons 
were significantly associated with adherence 
to scheduled recall visits for both groups. 
Among children with poor oral hygiene, the 
caries-control protocol group had an absolute 
difference of 23.3% (71.3% vs. 48%) in success 
rate compared to the convenLonal care group. 
Among children who do not adhere to their 
scheduled recall visits, the absolute difference 
in success rates was 26.6% (68.5% vs. 41.9%) 
between the two groups. These results suggest 
that the structured behavior modificaLon of 
the caries-control protocol conferred the 
greatest relaLve advantage to children who ex-
hibit high behavioral risks of failure. 
The mulLvariable outcome of restoraLon fail-
ure was measured using Cox proporLonal haz-
ards regression in the table below. The alloca-
Lon to the convenLonal care group remained 
an independent predictor of restoraLon fail-
ure, even aner accounLng for other factors 
(e.g., tooth locaLon, restoraLon material, 
baseline caries risk, oral hygiene, and recall ad-
herence). The hazard raLo for being assigned 
to convenLonal versus emergent care was 
greater than 1 (adjusted hazard raLo 
[aHR]=2.63) at the 95% confidence interval 
(CI). In other words, parLcipants who received 
treatment from a denLst using only conven-
Lonal care were more likely to experience res-
toraLon failure than those who received treat-
ment from a denLst using both emergent and 
convenLonal care; the aHR of failure also ap-
plied for restoraLve disaster restoraLon in the 
case of paLents with posterior teeth, poor oral 
hygiene and no adherence to recall visits. How-
ever, there was no staLsLcal significance for 
baseline classificaLon as extreme caries risk; its 
hazard raLo was greater than unity but not sta-
LsLcally significant (aHR=1.34). Also, the pro-
porLonal hazards assumpLon was not violated 
for any of the covariates (Schoenfeld residuals 
p all>.10). 
Over the course of 24 months there was a re-
ducLon in disease incidence on tooth surfaces 
previously unaffected in the group receiving 
the care control protocol (18.5% of children de-
veloped at least one new carious lesion) as 
compared to the convenLonal care approach 
(41.8% of children), with this difference being 

staLsLcally significant (χ² = 26.4, degrees of 
freedom = 1, p < <0.001). The retenLon of seal-
ants applied to teeth of paLents in the caries-
control protocol group was 86.2% at 24 
months. There were no reported serious ad-
verse events related to the applicaLon of silver 
diamine fluoride, fluoride varnish, or restora-
Lve procedures by either group, although 14 
children did experience discoloraLon of the 
teeth because of silver diamine fluoride appli-
caLon which is expected due to the known 
properLes of this agent. 
 
Discussion 
In this prospecLve cohort research, a struc-
tured approach for managing caviLes com-
bined with tradiLonal methods for restoring 
teeth produced a significant difference in the 
percentage of restored teeth surviving at 24 
months (84.1%) compared to tradiLonal meth-
ods alone (59.7%) in a group of children who 
had been determined to be at high risk for de-
veloping caviLes. Aner adjustment for other 
variables affecLng the results (including loca-
Lon of teeth, type of restoraLon material used, 
severity of caviLes before treatment, oral hy-
giene and adherence to the prescribed sched-
ule for seeing a denLst aner treatment), chil-
dren treated with only tradiLonal procedures 
had an over two-fold greater adjusted risk of 
their restored teeth failing than children 
treated with the structured protocol. 
This cohort's overall survival esLmates are 
largely comparable to the previous prospecLve 
comparisons of restoraLve treatment opLons 
on carious primary molars, where long-term 
clinical outcomes were found to depend on the 
type of restoraLon, the specific tooth being 
treated, and how long follow-up was done, 
during the same 24-month observaLon period 
[1]. This study builds on this body of research 
by providing further prospecLve evidence that 
a structured mulL-faceted carious control in-
tervenLon that is layered onto restoraLve 
treatment will improve the performance of re-
stored teeth and, thus, emphasizes that cari-
ous risk is a modifiable factor to long-term res-
toraLon and not simply a predicLve factor. Fur-
thermore, it suggests that each child's base 
level of risk for carious lesions is strongly cor-
related with whether they will need to have ad-
diLonal restoraLve treatment performed in 
the future [10]. 
You also find a similar result in high-risk, low-
income children's school-based pragmaLc tri-
als evaluaLng caries prevenLon intervenLon, 
including treatment using silver diamine fluo-
ride and glass ionomer sealants delivered as a 
structured system of prevenLve care versus 
typical care, have shown significant reducLons 
in the rate of developing new caviLes and the 
progression of exisLng caviLes over Lme [8,9]. 

While they were primarily performed to evalu-
ate cavity arrest/prevenLon, not restoraLon, 
the finding that structured prevenLve care was 
superior to ad-hoc (typical) care in high-risk 
children correlates with these results and gives 
external credibility to this observed effect. 
ObservaLonal follow-up research examining 
the comparaLve effecLveness of caries-risk 
straLfied care pathways has also linked the 
baseline risk classificaLon to the probability of 
requiring future restoraLve treatment meth-
ods in children and adolescents [10]. This pro-
vides further discussion of the conceptual basis 
for risk Lered preventaLve intervenLons as 
they are outlined in the current protocol. Con-
versely, systemaLc reviews evaluaLng the clin-
ical effecLveness of the CAMBRA protocol have 
found a lack of available and methodologically 
diverse evidence regarding whether CAMBRA 
based care impacts hard clinical endpoints (ra-
ther than just risk classificaLons) and have 
cited the evidence gap in the pediatric popula-
Lon under 6 years [4]. Furthermore, broader 
systemaLc reviews on the literature regarding 
caries risk assessment have also highlighted 
the need for evidence to support clinical out-
comes, rather than only risk classificaLons [13]. 
The present study, which focuses primarily on 
the hard endpoint of restoraLon longevity ra-
ther than purely a measure of caries incre-
ment, contributes to addressing part of this 
idenLfied evidence gap. 
The results indicate that from both a clinical 
and health systems viewpoint, the costs of ad-
diLonal amount of Lme spent and materials 
used in conducLng a caries risk assessment, ap-
plying topical fluoride/silver diamine fluoride, 
and placing sealants to provide prevenLve 
care, will have a favorable return on invest-
ment through significantly lower restoraLon 
failure rates and, therefore, fewer repeat re-
storaLve procedures over Lme. This is parLcu-
larly relevant to publicly funded or resource-
limited paediatric dental services, as repeated 
failures of restoraLve care represent a clinical 
burden for children receiving mulLple opera-
Lve intervenLons and consLtute a resource 
burden for the service. 
The findings from the subgroups further indi-
cate that the effect of the structured protocol 
was not the same for all children but appeared 
to be parLcularly strong in those with poorer 
oral hygiene and poor recall adherence, the 
very children that are convenLonally deemed 
to be the most difficult to manage with preven-
Lve strategies. This suggests that structured 
protocols to provide caries control will provide 
their greatest benefit clinically at those Lmes 
when unstructured, ad hoc prevenLve advice is 
least likely to work by itself, and thus further 
support the idea of establishing scheduled, 
protocol-driven prevenLve contacts (rather 
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than a one-Lme instance of advice) as part of 
the restoraLve care pathway for high-risk chil-
dren. 
This research has mulLple strengths. First, it 
has a prospecLve study design that is a priori 
and therefore clinically relevant, with 24 
months of follow-up that is clinically meaning-
ful; blinding of outcome assessment with vali-
dated criteria established by the USPHS; formal 
mulLvariable adjustment for known confound-
ing variables; and adherence to the STROBE cri-
teria for reporLng observaLonal cohort studies 
[11]. 
There are also limitaLons of this research that 
should be considered. For one, this research 
uLlized exisLng clinic-based care delivery paths 
to assign parLcipants to groups for this study 
rather than using random assignment. While 
baseline characterisLcs were similar between 
groups, the possibility of residual confounding 
due to factors not being measured (i.e., clinic-
level or family-level) cannot be ruled out and is 
considered a limitaLon of the study. As noted 
previously, this is an inherent limitaLon of pro-
specLve cohort studies relaLve to randomized 
controlled trials. A second limitaLon is that alt-
hough each of the bundles of prevenLve inter-
venLons (CRA, fluoride/silver diamine fluoride, 
sealants and behavioral coaching) were all pro-
vided through the use of a structured protocol, 
it is not possible for the present design to dif-
ferenLate the effect of each individual compo-
nent on the observed survival benefit; this is 
also a limitaLon noted in the expanded 
Cochrane database review [4]. There was a 
modest loss to follow-up (5.9%) with slightly 
higher rates among parLcipants receiving con-
venLonal care, which could not be assumed to 
be enLrely non-differenLal with respect to res-
toraLon outcomes. RestoraLon material selec-
Lon was not performed according to a stand-
ardized assignment, but instead based on clin-
ical judgment, which introduces the possibility 
for indicaLon bias; however, the use of resto-
raLon material was staLsLcally controlled for 
through inclusion as a covariate in the mulL-
variate model. Finally, this study was con-
ducted in one geographic locaLon with mulL-
ple clinics, therefore care must be taken in gen-
eralizing absolute survival esLmates to other 
healthcare sewngs, populaLons and materials 
systems; however, the relaLve direcLon and 
consistency of the effect are likely to be more 
broadly generalizable. 
A group of children who have an increased risk 
of having caviLes had a wrihen cavity control 
protocol followed to them and had a higher 
percentage of cavity-free teeth (24 months) 
when compared to standard cavity restoraLon 
methods. The posterior tooth locaLon, poor 
hygiene, and non-compliance to follow-up ap-
pointments were significant predictors of 

restored teeth needing replacement aside 
from the wrihen protocol. Children that had a 
greater likelihood of developing caviLes based 
on their risk profile but were involved in the 
structured cavity control protocol appeared to 
show the greatest reducLon in the risk of hav-
ing to replace cavity restoraLons. This evi-
dence can be used to support the use of struc-
tured, risk-based caries control protocols with 
normal restoraLon of caries to children that 
have an increased risk of developing caviLes. 
These results may provide evidence-based res-
toraLon data for developing pediatric dental 
treatment protocols and for determining ap-
propriate allocaLon of funds needed to sup-
port pediatric dental services. 
Future research should use cluster-randomized 
designs to create the strongest evidence of a 
causal relaLonship between structured caries-
control protocols and restoraLon healing while 
minimizing the potenLal for confounding due 
to allocaLon bias. The use of component-level 
trials would use randomized experimental con-
diLons to evaluate each part of the caries-con-
trol protocols (such as sealants alone; silver di-
amine fluoride alone; behavioral counseling 
alone) and how they compared with an inte-
grated or combined protocol to establish which 
component(s) provide the greatest effect and 
in what combinaLon provide the best cost-ef-
fecLveness. Follow-ups with a Lme frame 
longer than 24 months would establish 
whether the restoraLve health benefits experi-
enced in this study conLnue, decrease or in-
crease in their effect over Lme and through the 
natural processes of moving from primary to 
permanent teeth. 

References 
1. Mondal, A., Ghosh, D., Chinthapally, 
V., PaLl, S. K., Sehy, A. M., Tiwari, R. V. C., Dixit, 
H., & Gupta, S. (2026). ComparaLve long-term 
clinical performance of atraumaLc restoraLve 
treatment versus convenLonal composite res-
toraLons in carious primary molars: A prospec-
Lve observaLonal cohort study. Cureus, 18(1), 
e102051. hhps://doi.org/10.7759/cu-
reus.102051 
2. Sezer, B., Şen Yavuz, B., İşseven, C. İ., 
Tuğcu, N., Çalışkan, C., Durmuş, B., & Kargül, B. 
(2025). Six-year survival and clinical perfor-
mance of glass hybrid restoraLons following 
selecLve caries removal in teeth with molar in-
cisor hypomineralizaLon: A prospecLve cohort 
study. Clinical Oral Inves2ga2ons, 29, ArLcle 
287. hhps://doi.org/10.1007/s00784-025-
06358-6 
3. Featherstone, J. D. B., Crystal, Y. O., 
Alston, P., Chaffee, B. W., Doméjean, S., Rech-
mann, P., Zhan, L., & Ramos-Gomez, F. (2021). 
A comparison of four caries risk assessment 
methods. Fron2ers in Oral Health, 2, ArLcle 

656558. 
hhps://doi.org/10.3389/froh.2021.656558 
4. Coelho, A., Amaro, I., Iunes, T., Paula, 
A., Marto, C. M., Saraiva, J., Ferreira, M. M., & 
Carrilho, E. (2022). CAMBRA protocol efficacy: 
A systemaLc review and criLcal appraisal. Den-
2stry Journal, 10(6), 97. 
hhps://doi.org/10.3390/dj10060097 
5. Cagew, M. G., Bontà, G., Cocco, F., 
Lingstrom, P., Strohmenger, L., & Campus, G. 
(2018). Are standardized caries risk assessment 
models effecLve in assessing actual caries sta-
tus and future caries increment? A systemaLc 
review. BMC Oral Health, 18(1). 
hhps://doi.org/10.1186/s12903-018-0585-4 
6. ChrisLan, B., Armstrong, R., Calache, 
H., Carpenter, L., Gibbs, L., & Tsourounakis, P. 
(2018). A systemaLc review to assess the 
methodological quality of studies on measure-
ment properLes for caries risk assessment 
tools for young children. Interna2onal Journal 
of Paediatric Den2stry, 29 (2). 
hhps://doi.org/10.1111/ipd.12446 
7. Ruff, R. R., & Niederman, R. (2018). 
Silver diamine fluoride versus therapeuLc seal-
ants for the arrest and prevenLon of dental 
caries in low-income minority children: Study 
protocol for a cluster randomized controlled 
trial. Trials, 19(1), 523. 
hhps://doi.org/10.1186/s13063-018-2891-1 
8. Ruff, R. R., Barry-Godín, T., & Nieder-
man, R. (2023). Effect of silver diamine fluoride 
on caries arrest and prevenLon: The CariedA-
way school-based randomized clinical trial. 
JAMA Network Open, 6(2), e2255458. 
hhps://doi.org/10.1001/jamanetworko-
pen.2022.55458 
9. Ruff, R. R., Senthi, S., Susser, S. R., & 
Tsutsui, A. (2024). School-based caries preven-
Lon using silver diamine fluoride: A pragmaLc 
randomized trial in low-income rural children. 
BMC Oral Health, 24, ArLcle 705. 
hhps://doi.org/10.1186/s12903-024-04449-x 
10. Hummel, R., van der Sanden, W., 
Bruers, J., & van der Heijden, G. (2021). The re-
laLonship between claimed restoraLons and 
future restoraLons in children and adoles-
cents: An observaLonal follow-up study on risk 
categories for dental caries. PLOS ONE, 16(11), 
e0259495. hhps://doi.org/10.1371/jour-
nal.pone.0259495 
11. von Elm, E., Altman, D. G., Egger, M., 
Pocock, S. J., Gøtzsche, P. C., & Vanden-
broucke, J. P. (2007). The Strengthening the Re-
porLng of ObservaLonal Studies in Epidemiol-
ogy (STROBE) statement: Guidelines for report-
ing observaLonal studies. PLOS Medicine, 
4(10), e296. hhps://doi.org/10.1371/jour-
nal.pmed.0040296 
12. Khallaf, Y. S., Hafez, S., & Shaalan, O. 
O. (2021). EvaluaLon of ICCMS versus CAMBRA 
caries risk assessment models acquisiLon on 



  Effect of Caries Control on RestoraLon Survival in High-Risk Children 

Vol 14, No 2 (2026)    DOI 10.5195/d3000/2026.1572 

	http://dentistry3000.pitt.edu	
6	

treatment plan in young adult populaLon: A 
randomized clinical trial. Clinical, Cosme2c and 
Inves2ga2onal Den2stry, 13, 293–304. 
hhps://doi.org/10.2147/CCIDE.S321343 

13. Ng, T. C.-H., Luo, B. W., Lam, W. Y.-H., 
Baysan, A., Chu, C.-H., & Yu, O. Y. (2024). Up-
dates on caries risk assessment—A literature 

review. Den2stry Journal, 12(10), 312. 
hhps://doi.org/10.3390/dj12100312 

	
Table 1. Baseline demographic and clinical characterisLcs of ParLcipants by group. 

CharacterisLc Caries-Control Protocol Group (n = 
170) 

ConvenLonal Care Group (n = 170) p-value 

Mean age, years (SD) 6.8 (1.6) 6.9 (1.5) 0.612 
Female sex, n (%) 82 (48.2) 79 (46.5) 0.748 
Mean dmn/DMFT at baseline (SD) 5.4 (2.1) 5.6 (2.3) 0.403 
Caries-risk category: High, n (%) 121 (71.2) 118 (69.4) 0.712 
Caries-risk category: Extreme, n (%) 49 (28.8) 52 (30.6) 0.712 
Good baseline oral hygiene, n (%) 58 (34.1) 61 (35.9) 0.734 
Low household income bracket, n (%) 104 (61.2) 108 (63.5) 0.659 
Total restoraLons placed at baseline, n 489 471 — 

 
Figure 1. Flow diagram of parLcipant enrollment, allocaLon, and follow-up across the 24-month study period. 
 
Table 2. Cumulative restoration survival rate by follow-up interval and caries-control group. 

Follow-up Interval RestoraLons at Risk (In-
tervenLon) 

CumulaLve Survival % 
(IntervenLon) 

RestoraLons at Risk 
(Control) 

CumulaLve Survival % 
(Control) 

Baseline 489 100 471 100 
3 months 481 98.6 463 95.2 
6 months 474 96.9 447 90.8 
12 months 461 92.8 414 79.4 
18 months 447 88 385 68 
24 months 481 84.1 463 59.7 
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Figure 2. Kaplan–Meier esLmates of cumulaLve restoraLon survival by caries-control group over 24 months of follow-up. Tick marks denote censored 
observaLons. 

 
Figure 3. Twenty-four-month restoraLon survival rate by clinical subgroup and caries-control group. 
 
Table 3. MulLvariable Cox proporLonal-hazards regression for predictors of restoraLon failure. 

Predictor Adjusted HR 95% CI p-value 
ConvenLonal care (vs. caries-control protocol) 2.63 1.84, 3.76 <0.001 
Posterior tooth locaLon (vs. anterior) 2.41 1.68, 3.45 <0.001 
Non-adherence to recall (vs. adherent) 2.88 1.97, 4.21 <0.001 
Poor oral hygiene (vs. good) 2.05 1.42, 2.96 <0.001 
Extreme caries risk (vs. high) 1.34 0.96, 1.87 0.086 
Stainless steel crown (vs. resin composite) 0.71 0.47, 1.08 0.109 
Glass-ionomer restoraLon (vs. resin composite) 1.18 0.82, 1.69 0.372 

 
	


