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istorically, management of dental caries in

primary and permanent teeth has involved

clinical and radiographic identification of cari-
ous lesions followed by surgical intervention to remove
and restore affected enamel and dentin. Only modest
changes over the years have occurred in this surgical
approach to dental caries treatment. However, sufficient
evidence exists to recommend that dental therapy needs
to address this disease by fostering remineralization as
well as restoring teeth. Appropriate dental care in a child
requires an understanding of the carious process that
includes the patient’s age, caries risk, prior therapy out-
comes, location, and extent of the lesions (Figure 1). In
this model, a child who has been identified as being at
low risk for dental caries may need few diagnostic pro-
cedures and preventive therapies. Conversely, a child
who is caries active may require frequent diagnostic
procedures and preventive therapies.

Methods

The aim of this review was to integrate current
knowledge in the field of cariology into clinically us-
able procedures to aid in the diagnosis, clinical deci-
sion-making, and therapy of dental caries in primary
teeth. The scientific literature for this paper is derived
from evidence-based reviews from the other manu-
scripts of this Consensus Development Conference,
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computer and hand searches of scientific articles, and
guidelines and policy statements of councils or com-
missions of various health organizations that may be
related to primary teeth.

Scientific articles related to the primary denti-
tion were searched on MEDLINE, PubMed, and
Cochrane from 1966 to 2000. The searches were lim-
ited to articles written in English that included human
subjects from birth to age twelve years. The searches
using the term “dental caries,” limited by the terms “pri-
mary,” “deciduous,” or “mixed,” identified 1,039 ar-
ticles. These articles were reviewed by title and then
abstract, resulting in 118 references related to caries
diagnosis, progression, prevention, and restorative treat-
ment in primary teeth. Hand searching of reference lists
in these articles supplemented the electronic literature
searches. Further reduction in the number of papers to
be included in this review was done after the manu-
scripts were read in full.

Factors in Decision-Making

The vast majority of the literature regarding di-
agnosis and prevention of caries relates to permanent
teeth. Although much of this information may be ex-
trapolated to primary teeth, there are important differ-
ences between primary and permanent teeth that may
affect diagnosis, caries risk, and therapy for primary
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Figure 1. A concept of clinical decision-making for caries management in primary teeth

teeth. Most importantly, primary teeth have thinner
enamel and dentin and broader proximal contacts than
permanent teeth,' leading to increased caries suscepti-
bility and more rapid progression of caries to the pulp.

A unique feature regarding caries management
of primary teeth is that a child’s age is an important
factor with regard to caries initiation and progression.
The age at which a child becomes colonized with the
cariogenic bacterial group, mutans streptococci, is a
critical factor for caries risk.>* These bacteria are be-

lieved to be particularly caries-conducive because of
their ability to adhere to tooth surfaces, to produce co-
pious amounts of acid, and to survive and continue
metabolism at low pH conditions.* Permanent coloni-
zation of a child’s oral cavity with mutans streptococci
can occur only after tooth eruption because these bac-
teria require a nonshedding surface for attachment.’
Such colonization is generally the result of transmis-
sion of these organisms from the child’s primary
caregiver, usually the mother.
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Those teeth first exposed to a cariogenic envi-
ronment generally will be the first to show signs of dis-
ease. Consequently, children at high risk for early child-
hood caries may develop lesions on their maxillary
anterior teeth soon after eruption.” If these children
continue to be at high risk, they may develop fissure
caries of the primary molars and later molar proximal
caries.® Children with moderate caries risk may initiate
caries at a later age, normally fissure caries and possi-
bly molar proximal caries.” In general, caries on max-
illary anterior primary teeth and on the molar proximal
surfaces suggest high caries activity.

At the individual lesion level, caries progression
and appropriate therapy are dependent on the site of
the lesion, level of risk, and disease activity, as well as
age. Buccal-lingual smooth surface lesions, even if cavi-
tated, may be readily amenable to preventive regimens,
while cavitated fissure or cavitated proximal lesions may
need restorative therapy to limit progression. Caries
activity can be assessed by observing the speed of pro-
gression of existing lesions or the incidence of new le-
sions.

Five articles were located that examined caries
progression of proximal lesions in primary teeth (Table
1). Even though four are confounded by the presence
of preventive regimes, results are similar among stud-
ies with 73 percent to 81 percent of lesions remaining
in enamel after twelve months. In the fifth study, proxi-
mal lesion progression through primary tooth enamel
in high-risk subjects not receiving fluoride took approxi-
mately eighteen months. In low-risk children receiving
regular topical fluoride therapy, progression took forty
months."? These collective findings suggest that detec-
tion of enamel proximal lesions on bitewing radiographs
may not warrant immediate surgical intervention for
all children. Many of these lesions will remain in enamel
for at least twelve months, giving time for implementa-
tion and evaluation of preventive interventions without
jeopardizing the integrity of the tooth.

Diagnosis

Currently, decisions for therapy often are based
on whether a tooth is diagnosed as cavitated by clinical
or radiographic examination. The accuracy of correctly
identifying fissure caries in permanent teeth by visual
and tactile methods is in question.* However, only one
article was located that addressed the validity of the
diagnosis of fissure caries in primary teeth.'® Visual
identification without the use of an explorer was re-
ported to have a sensitivity of 0.45 and specificity of
1.00. Interestingly, bitewing radiographs identified den-
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tin caries originating in fissures with a sensitivity of
0.93 and a specificity of 0.89.

Three articles were located that examined the
validity of radiographic proximal caries diagnosis in
primary teeth. The majority of enamel lesions detected
on radiographs are not cavitated and are not detectable
clinically,'” and in conflict with traditional understand-
ing, many radiographically detected outer dentin lesions
in primary teeth also may not be cavitated (Table 2).

Newer and more sensitive methods of clinical
caries diagnosis appear promising, yet at this time there
is little evidence of the validity and reliability of these
new approaches from human clinical trials.?! Contrary
to new technologies, practicing dentists can obtain feed-
back on false positive and false negative diagnoses when
they instrument a tooth. If a surgical intervention is jus-
tified on questionable lesions in a child, the tooth most
likely to be carious may be opened and the diagnosis
confirmed. This technique can determine whether in-
terventions on other teeth are needed.”

In addition to determining whether a tooth is cavi-
tated or not, caries diagnosis should attempt to esti-
mate the more critical issue—whether a lesion is pro-
gressing or arrested. Currently, longitudinal evaluation
of lesion progression at periodic recall visits is the best
method to determine lesion activity and progression.
Along with other information, such as the likelihood
of a patient returning for periodic recalls and depth of a
lesion, an active carious lesion may require preventive
and restorative therapy, whereas nonactive or arrested
lesions may require no therapy. Such patient- and tooth-
specific evaluations of caries diagnosis and progres-
sion will require changes from current practice since
longitudinal information has been reported to not
change dentists’ decision-making process.”

Caries Risk Assessment in
Primary Teeth

The goal of caries risk assessment in dentistry is
to deliver preventive and restorative care specific to an
individual patient. An obstacle in current caries risk
assessment is that few studies have attempted to deter-
mine how the application of risk indicators in dental
practice affects dental health outcomes.?* Presently, the
best caries risk indicator is previous carious experience;
yet, there is not one predictor or combination of pre-
dictors that have achieved high combinations of both
positive and negative predictive values.?

In young children, the risk indicator—previous
caries experience—is not particularly useful since it is
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Table 1. Evidence for the rate of progression of proximal caries in primary teeth

Year Author Country Population/ N Study | Age at start | Control group Treatment Outcome
Samglinﬁ method w E
1978 Murra% & [England [school 1301 Ryrs 5yrs IContra- |uoride varnish  [Carious lesions only DX with BW at
Majid children retrospectivel |laterat side istudy beginning:
participating injstudy) but results 154% dx by BW only after 12 mths
fa fluoride lcombined [30% dx by BW only after 24 mths
varnish study
INew carious lesions diagnosed at
first year exam:
79% dx by BW only
51% dx by BW only after 12 mths
#% of inner enamel lesions still in
lenamel at 12 mths
1981 [Craig et |Australia [Preference 94 pts at 2 yrs |6-8 yrs None 140%AgF and then [First primary molar proximals:
lat. "t iven to young|start 10%SnF to 1% still in enamel at 12 mths
Fhildren with |54 pts at carious lesions,  181% still in enamel at 24 mths
ittle or no finish [reappilied only if
previous caries progressed.iSecond primary molar proximals:
dental care 72% still in enamel at 12 mths
169% still in enamel at 24 mths
1984 [Shwartz [Sweden [Swedish: 217 INR [Swedish: [None wedish: Isweden (Hi/Lo risk):
etal.”” |andUS |lowF retrospective| 10-11 yrs i-weekly F rinse [11/15mths to traverse outer enamel
[US: istudy) lat end of S: 15/25 months to traverse inner
ow F, low study one lenamel
ISES US:
4-17 yrs at US (Hi/Lo risk)
lend of 19/16 mths to traverse outer enamel
study 10/9 mths to traverse inner enamel
1992 Eolanki & Randomly 50 Ryrs 5yrs IContra- luoride varnish  Method 1:
heiham® selected pts  retrospective| ateral side [73% of outer enamel lesions still in
from Murrary study) but results lenamel at 12 mths
& Majid study lcombined
[34% of inner enamel lesions still in
lenamel at 12 mths
% of any enamel lesion still in
enamel at 12 mths
Method 2:
137% of enamel lesions still in enamei
jat 12 mths
1992 Pe‘yron etlSweden ubjects from (468 R yrs [3-4 yrs IControl and [Test group had  [78% of outer enamel lesions still in
jal. ™ sugar study [retrospective test groups [sucrose repiaced fenamel at 12 mths
Istudy) lcombined. with invert sugar.
very other child 55% of outer enamel lesions still in
in test and control ienamel at 24 mths
fhad fluoride
varnish. 29% of inner enamel lesions still in
lenamel at 12 mths

important to determine caries risk before disease is
manifest. Low birthweight of a child has been suggested
as a caries risk indicator for primary teeth, either be-
cause it is associated with enamel hypoplasia and other
enamel defects or indirectly because it is a marker for
low socioeconomic situations.? Other caries risk indi-
cators that have shown promise in preschool children
are: the age that a child becomes colonized with cari-
ogenic flora*?%?7; the child’s mutans streptococci lev-
els?%; baseline caries scores®3!; presence of visible
plaque on the maxillary anterior teeth®?; and
sociodemographic factors, such as education and in-
come of parents.>* Even though systemic and topical
fluoride exposure, tooth brushing behavior, bottle use,
and diet currently have not been shown to be good car-
ies risk indicators for primary teeth, collection of such
data may be valuable for development of a child’s pre-
vention program.

Besides determining caries risk at screening or
initiation of therapy, ongoing reassessment of a child’s
caries risk at recall visits allows for better appraisal of
caries activity and refinement of decisions. If at a re-
call visit, existing lesions have not progressed and new
lesions are not detected, caries activity may be consid-
ered to have decreased. If there are increased numbers
of new lesions detected, or there are changes in the oral
environment (for example, appliance therapy, increase
in mutans streptococci levels, increased frequency of
sucrose consumption), risk status may have increased.

The responsible parent(s), with the advice of the
dental professional, is the one who must make deci-
sions for dental therapy. In many cases, as a result of
their past experiences, the parent assumes that only
surgical techniques can treat dental caries. The dental
professional is obliged to inform the parent about al-
ternative therapies based on scientific evidence, risk
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Table 2. Evidence for the validity of caries diagnostic methods in proximal and occlusal caries of primary teeth

Year I Author [ Country l Population/ N l Age Caries Diagnostic l Outcome
Samghm method Cnte{ﬁL
Occlusal caries |
1993 Ketle&l & [England {[Teeth 100 second INR BW, in vitro [Sound/enamel caries on section:
Holt' xtracted  jprimary molars clinical dx and 100% dx as sound/enamel caries by visual
under GA histology 89% dx as sound/enamel caries by
ith radiograph
uestionabl
or minimal IDentin caries on section:
caries 45% dx as dentin caries by visual
193% dx as dentin caries by radiograph
iProximal caries
1992 [Pitts & [Scotland |Private 211 pts with 5-15 yrs [BW and tooth lLesions clinically cavitated:
Rimmer'® office pts  [756 proximal paration 2% of lesions in outer half of enamel
surfaces with [3% of lesions in inner haif of enamei
380 lesions 28% of lesions in outer half of dentin

96% of lesions in inner halif of dentin
K50% of any dentin lesions)

1996 |De Araujo [Brazil

letal.™ clinicpts ~ [320 proximal
v surfaces with

72 lesions

[University 20 pts with 3-10 yrs

IBW and tooth
Iseparation

Lesions clinically cavitated:

6% of lesions in outer haif of enamel

only 3 lesions were radiographically in inner
bnamel)

84% of lesions in dentin

1996 [Nielsen enmark [Exfoliated [72 proximal INR

letal® or extracted surfaces with linical dx 11% of lesions in outer haif of enamel
reeth 3 lesions 14% of lesions in inner half of enamel
63% of lesions in dentin

W and in vitro  [Lesions clinically cavitated:

assessment, expected outcomes, and cost. Enabling the
parents to be active participants in choosing preventive
and restorative therapies should produce better parent
and patient compliance.*

Besides the obligation of thorough informed con-
sent for therapy decisions, a dental professional may
by training, capability, or preferences favor certain thera-
peutic approaches. Such preferences also need to be
considered in therapy decisions because provider pref-
erences will affect outcomes. These preferences should
change over time as a result of scientific progress and
the practitioners’ continued learning and self-evalua-
tion of outcomes.

Preventive Therapies

Fluoride

Daily systemic/topical fluoride exposure through
optimizing the fluoride content of water supplies has
historically been shown to be efficacious in reducing
dental caries, with reductions in the range of 40-50 per-
cent for primary teeth.’® The expansion of water fluori-
dation as well as the widespread consumption of pro-
cessed beverages and foods prepared with fluoridated
water by individuals in nonfluoridated areas has pro-
duced a “diffusion effect” in which the benefits of fluo-
ride extend beyond the geographically fluoridated ar-
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eas, thus reducing differences in caries rates between
fluoridated and nonfluoridated communities.*

If the fluoride content of water is suboptimal or
unknown, the drinking water can be analyzed for fluo-
ride content, and systemic fluoride supplementation can
be recommended considering water fluoride content and
the child’s age.”* Data from more than twenty clinical
trials show caries reduction in primary teeth of 30-80
percent from fluoride supplements, provided they are
started near birth and continued for five or more years.**
“ However, there is a growing body of literature show-
ing that children, whether living in a fluoridated or
nonfluoridated area, ingest sufficient quantities of fluo-
ride from dentifrice, beverages, and foods* and there
is a strong association of dental fluorosis in the perma-
nent teeth with fluoride supplement use.***” Perhaps
fluoride supplements should be prescribed only to chil-
dren from nonfluoridated communities who are identi-
fied as being at moderate or high caries risk*® and whose
parents understand the risks and benefits of fluoride
supplements.

The most widely used method of applying fluo-
ride topically is by means of dentifrice. Daily/twice daily
fluoride exposure through the controlled use of fluori-
dated dentifrice is now considered a major approach to
the reduction of dental caries.* To prevent fluorosis from
the swallowing of toothpaste,*” children’s brushing
should be supervised with only a “pea-sized” amount
dispensed onto the brush.3** Reduced fluoride concen-
trations of toothpastes also have been suggested as a
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method of reducing fluorosis, but there is evidence for
lower efficacy when the fluoride content of the tooth-
pastes is reduced.*

Professional topical fluoride therapies, home fluo-
ride mouth rinses, and concentrated tray/brush-on thera-
pies have had a long history of use to prevent dental
caries.” However, few contemporary studies have been
conducted that examine the effect of professional topi-
cal and home fluoride protocols on caries reduction in
primary teeth. Recently, fluoride varnishes, which are
safe and easy to apply in young children, have gained
popularity. Yet, their efficacy is not entirely clear. Among
those studies carried out in the primary dentition, only
three have shown statistically significant reductions of
caries in the order of 30-44 percent, >'>5¢ while three
other studies showed nonstatistically significant reduc-
tions of less than 10 percent.’>%>* Except for recom-
mending regular use of fluoridated dentifrices, profes-
sionally applied and home-use fluoride products should
be recommended based on a child’s caries risk.

Antimicrobial Agents

There is limited data regarding the use of antimi-
crobials to reduce mutans streptococci and dental car-
ies in the permanent dentition.”” There are even fewer
clinical trials in primary teeth.®** An interesting alter-
native approach, however, is the report of using
chlorhexidine to suppress mutans streptococci levels
in mothers, with the aim of delaying the transmission
of mutans streptococci and caries to their children. The
results of such a method found that infants of mothers
who used chlorhexidine had a lower colonization of
mutans streptococci than controls (11 percent versus
45 percent respectively), and lower prevalence of car-
ies (6 percent versus 43 percent).>

Dental Sealants

Eight studies were identified that examined the
retention of dental sealants in primary teeth. These stud-
ies show retention rates between 69 and 88 percent af-
ter one year with a one-time application.®%® These re-
sults suggest that retention in primary teeth may be
superior to permanent teeth, possibly because most pri-
mary teeth are fully erupted at the time of sealant place-
ment, whereas many permanent teeth are partially
erupted when sealant application is usually performed.

However, there is insufficient evidence to deter-
mine the efficacy and cost-effectiveness of sealant
placement on primary teeth. Although it might be rea-
sonable to assume that such information could be ex-
trapolated from permanent teeth, the pattern of caries

in primary teeth is different. Primary molars are more
susceptible to proximal lesions than permanent molars,
making the sealant procedure in these cases of little
consequence.®*+% Similar to permanent teeth, it is
likely that caries risk assessment methods will need to
be employed to make this preventive procedure cost-
effective.”!

Diet

The role of sugar in promoting the dental caries
process has been derived from numerous epidemiologi-
cal, laboratory, and clinical studies. In preschool chil-
dren, high frequency sugar consumption,’ including
its consumption by means of baby bottles or sippy cups,
has been implicated in early childhood caries. Epide-
miological studies, however, show that sugar consump-
tion is a risk indicator only in children who do not have
regular exposure to fluoride.” Yet for those individuals
at high risk for caries, prevention of excess sugar con-
sumption and controlling of high-frequency sugar con-
sumption appear to be reasonable components of a car-
ies prevention program. Yet, there is presently no
evidence demonstrating the effectiveness of dietary
counseling on caries reduction in children.

In addition to controlling frequent sugar con-
sumption, chewing gums with sugar substitutes such
as saccharin, aspartame, sorbitol, mannitol, or xylitol
should reduce caries risk by stimulating salivary flow
and decreasing mutans streptococci colonization. The
outcomes of several clinical studies show that chewing
xylitol-containing gums reduces caries and mutans
streptococci levels.™

Oral Hygiene

Poor oral hygiene is widely believed to be a con-
tributor to caries activity. Thus, tooth brushing, floss-
ing, and professional tooth cleaning have long been
considered basic components of programs aimed at pre-
venting dental caries. Yet, literature reviews on this topic
have not found a relationship between dental plaque
scores and dental caries prevalence, or between brush-
ing with nonfluoridated toothpaste and dental caries
prevalence.” In young children, however, early visible
plaque on the labial surfaces of the maxillary incisors
is strongly associated with caries development.* Fur-
thermore, dental caries reductions have been noted in
children who receive high-frequency professional pro-
phylaxis combined with some form of fluoride therapy’
or frequent tooth brushing with fluoridated dentifrice.”
The specific contribution of the tooth-cleaning proce-
dure as part of these regimens remains unknown. Regu-
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lar tooth brushing, nevertheless, should be encouraged,
at least as a delivery system for the fluoride dentifrice.*

Caries Risk and Preventive
Therapies

Decisions for preventive therapies in primary
teeth should be directed by an understanding of risk
indicators for the child. Very often, there is little dis-
crimination among the intensity and type of preventive
therapies prescribed to diverse groups or individuals.
Risk-based therapy assumes that there will be little ben-
efit of preventive therapies for those children who are
at low risk for dental caries. Conversely, children at high
risk require intense prevention to primarily prevent car-
ies initiation and secondarily to arrest caries progres-
sion (Table 3). Yet, at this time, there are no prospective
studies that examine the success of applying different
intensities of preventive programs to children stratified
by caries risk.

Restorative Therapy

Currently, the practice of dentistry primarily uti-
lizes a surgical model of care. Restoration of teeth due

to the caries still occupies substantial curriculum time
in dental schools and clinical time in dental practices.
The collective manuscripts of this conference, however,
suggest that dental care should be grounded in preven-
tive services and supplemented by restorative therapy
when indicated. Restorative therapy is a nonreversible
procedure that makes a tooth susceptible to fracture and
additional decay.” This is particularly an issue in chil-
dren, as longevity of restorations is less in the primary
dentition than in the permanent dentition, and less in
younger than in older children.” However, restorative
therapy is necessary to eliminate cavitations when den-
tal plaque removal from the tooth is difficult, when there
is a high level of caries not reversed by preventive thera-
pies, or when monitored white spots and small lesions
show progression to cavitation. Additionally, restora-
tions of teeth are essential where there is need to re-
store tooth integrity to prevent space loss or disease
progression into the dental pulp.

Children at low risk may not need any restorative
therapy. Children at moderate risk may require restora-
tion of progressing and cavitated lesions, while white
spot and enamel proximal lesions should be treated by
preventive techniques and monitored for progression.
Children at high risk, however, may require earlier re-
storative intervention of enamel proximal lesions, as
well as intervention of progressing and cavitated lesions

Table 3. Possible diagnostic procedures, preventive, and restorative therapy in primary teeth based on a child’s caries

risk assessment and age

Caries Risk Indicators

Low Risk

Moderate Risk

High Risk

dmfs < Y% child’'s age

no new lesions in 1 year
no white spot lesions

low titers of mutans strep.
high SES

dmfs >1/2 child's age

1 or more lesions in 1 year
infrequent white spot lesions
moderate titers of mutans strep.
middle SES

dmfs > child’s age

2 or more lesions in 1 year
numerous white spot lesions

high titers of mutans strep.

low SES

appliances in mouth

high frequency sugar consumption

Diagnostic Procedures

examination interval 12-18 months
radiograph interval 12-24 months
initial mutans strep. evaluation

examination interval 6-12 months
radiograph interval 12 months
initial mutans strep. evaluation

examination interval 3-6 months
radiograph interval 6-12 months
mutans strep. testing to monitor
compliance

diet analysis

monitor ename! proximal lesions
restoration of progressing lesions

restoration of cavitated lesions

fluoridated dentifrice fluoridated dentifrice fluoridated dentifrice
Preventive Therapy systemic fluoride supplements * systemic fluoride supplements *
professional topical fluorides tx professional topical fluoride tx
sealants sealants
daily home fluoride or antimicrobials
dietary counseling and adjustments
Restorative Therapy none monitor white spot lesions monitor white spot lesions

restoration of enamel proximal
lesions

restoration of progressing lesions
restoration of cavitated lesions

aggressive treatment to minimize
continued caries progression

* age and water supply considerations
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to minimize continual caries development. In such high-
risk cases, more aggressive treatment of primary teeth
with stainless steel crown restorations is better over time
than multi-surface intracoronal restorations.3*8!

Summary

The scientific basis for caries diagnosis, risk as-
sessment, preventive, and restorative therapy for pri-
mary teeth requires further development and contin-
ued validation. Most needed are longitudinal studies
examining the integration of risk assessment with pre-
ventive therapies. Nevertheless, sufficient evidence
exists to allow practitioners to transcend traditional
surgical management of dental caries in primary teeth.
Current information on the dynamic nature of the cari-
ous process and risk assessment allows increased em-
phasis on patient-specific approaches that include dis-
ease monitoring and prevention as well as restorative
therapies.
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