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ABSTRACT

Objective: The Objectives arto assess Early Childhood Caries (ECC) in rural areas of
El Salvador and to investigate the changes in caries and mouth pain in thegiasen

communitybased interventions.

Methods: This study is aretrospective analysief de-dentified and anonymous data
obtained from baseline and four annual folop visits that focused on thereventive

oral healthtinterventioand nutrition in a corenience sample of children ages /ears

of age. The dmft index was used as the survey @alies was defined as a cavitated
lesion.Descriptive statistics were used to describe prevalence of ECC in the sample in
relationstosage and dmft score. Linear mixed model ANOVAs and generalized linear
mixed reffects models were used to compare thenpeevention and poshtervention

outcomes.

Results

Theypevalence of cariewas 58%.Incorporation of a community oral health education
and fluoride'supplementation program contributed to significant reductions in children’s
caries experiencdrOm 74% to 61%) and mouth pain (from 58% to 39&o}hildren 3 to

6 years of age.

Conclusions

ECC ismamcommon public health problem in rural ElI Salvadorannestablished
communitybased maternaihild health program in El Salvaddhereappears to be an
association” betweerthe incorporation of preventive oral health interventioand

improvement in children’s oral health and quality of life over time.
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INTRODUCTION:

The World Health Organization (WHO) identifies caries as one of the most prominent
chronicdiseases in the world, affecting-66% of children in developed and developing
countries;'with especially high rates in Latin America and A&jaMore than 80 percent

of the world's children live in developing countries where dental health care resangrces
extremely limited2) From a public health perspective, the rate of early childhood caries

(ECC)'in developing countries is particularly alarming5j3

Dental caries is @ommon chronicpacteriallymediated disease resulting from tooth
adherent /bacteria, such & eptococcus mutamshich cause disease when driven by
ecological ‘pressures. Thus, when oral bacteria are dnéiguexposed to fermentable
carbohydrates, they metabolize sugars to produce acid, which, over time, demineralizes
tooth surfaceq6-8)

The American Association of Pediatric Dentistry (AAPD) defines ECC as the presence of
one or more decayed (noncavitated or cavitated lesions), missing (due to caries), or filled
tooth surfaces in any primary tooth in a child under the age of 6. Severe early childhood
carieés=in=children younger than three years of age is defineshyasign of smooth
surface caries. From agess3one or more cavitated, missing (due to caries), or filled
smooth surfaces in primary maxillary anterior teeth or a decayed, missing, or filled score
of greater than or equal to four (age 3), greater than or equal to five (age 4)ter gre
than or_equal to six (age 5) surfaces also constitutes severe ECC. -d0adasive
dietary practices are established by 12 months of age and are maintained throughout early
childhoed«(9, 10) Prolonged and frequent nighttime botseding with cariogenic
beverages increaséne risk of carieg11-13).During nighttime feeding, salivary flow is
reduced and demineralization occurs in theeale ofsalivary cleansing and buffering.
Some'evidencesuggestghat sugary liquids as well asilk in formula and breasnilk

have cariogenic potential (14)

To prevent ECC, the AAPD recommam minimzing the frequency of sugar intake.

Other important prevention factors include city water fluoridation, reduciby battle
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use and intake of dietary fermentable carbohydrates, and improved oral hygiene
measures, including adequate plague removal by daily tooth brushing, topical fluoride
application (i.e. fluoride varnish), and regular dental office visits for screening and
treatment.(15-17) The optimal time to implement oral hygiene measures should be no
later than.at the time of eruption of the first primary tooth (around 6 months o{ Bge).

20) In addition, tooth brushing with fluoridated toothpaste should be performed for young
children“by“a parent twice dai() A 2013 Cochrane systemic review showed that
application of a fluoride varnish two to four times a year resulted in a reduction of caries
by 64% and 44% in primary and permanent teeth respecti&l). Thus, most
authoritiegrhave concluded that this is an extremely efficacious caries preventive strategy

to be usedsin public gegs.

When these health maintenance practices are not adopted, and dental disease is allowed
to develop and progress to cavities and abscesses, there are serious negative
consequences on children’s oral health, and in turn, on their genertl. l&aildren’s

quality of life can be significantly affected by dental pain. In a comparative stusiyoof

of thesmest=common chronic pediatric diseases (asthma vs. dental caries), dental caries
was shown'to cause dental pain that can disturb childrezep,sprevent them from
playing and" attending school, and most importantly, cause an inability to eat in the
preceding week. (22)

Most global, epidemiologic studies regarding caries have been done with-agledol
children(23, 24)Few studies have looked at ECC and its risk factors in children from
birth t@ six years of age. (11, 25) However, as previous studies have shqi8+20),
prevention of dental caries is most effective in the preschool age group. Consequently,
there isstremendous need to implement pudbdalth interventions to prevent dental
caries inspresadpl-age populations in developing countries. Such interventions must be
accessible, affordable, culturalbensitive, and effective. Unfortunately, there is a paucity

of research, on the feasibility and effectiveness of such interventions in piegelo
comnunities(2) While we know that implementation afomprehasive dental care
programs can substantially reduce morbidities associated with ECC, therauligeat

need to evaluatand adoptulturally and regionally appropriategimensof intervention

This article is protected by copyright. All rights reserved
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within developing country settings. (28)

The aim of this study was ttetermine the prevalenemd severity oECCand oral pain
in young children in rural El Salvador, and to evaluate the impact of oral healttieduc

and fluoride'in reducing EC&nd mouth paiim those commuties.
METHODS:
Research.Design:

This study.was a retrospective analysiowdl health and nutrition data derived from a
communitybased survey and intervention program in ruralSElvador. [@-dentified
and anonymouslatawas obtainedrom baseline and four annual followisits, which
focused on the oral health and nutritiora convenience sample of children agé years

of agesThe“researcthas been conducted in full accordance with the World Medical
Association” Declaration of HelsinkiThe study wasreviewed andapproved by the
institutional review board at theniversity of California Office for the Protection of
Human Subjects (20106-1655).

Inter vention program:

ASAPROSAR (Asociacion Salvadorefia f8alud Rural The Salvadoran Assation
for Rural Health) is a negovernmental, noprofit organization that provides health,
education, environmental, and economic development programs in El SgR@pone

of these_programs is designed to recruit and train rurahamity health workers, or
health_promoters, who are focused on maternal and children’s health and nuttigon.
oral health=program was implemented as a partnership with the SalvadoranyMifistr
Health, andithe University of California, Berkeley, School of Public Health in tieefif
rural communities seed by health promoters.

There were, three main components to pieventiveoral health intervention: 1) oral
health education, 2) distribution of oral care produ@ach child received a new
toothbush and toothpaste 3 times per year), and 3) fluoride varnish application. The
educational component included annual training of health promoters on tegasging
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healthy and unhealthy foods, the importance of oral health, and when to seek dental care.
Health promoters then integrated the oral health education and practices into their work

with parents through home visits and in preschools. Free toothbrushes and fluoride

toothpaste were provided to all children and family members that were ued=artof

the health.promoters. Lastly, fluoride varnish was applied to children’s teethithesea

year (except for a temporary suspension from July 2008 to July 2009).

Annual.written reports and oral presentations identified areas of success and challenges
(e.g., leng“duration of baby bottle use). Based on health promoters’ observations, the
group developed a costumed character “The Bottle Fairy” to take away babies’ bottles
after their tyear birthday. At the end of the fiayear pilot program, ASAPROSAR
continued-the oral health program with technical support from the Ministry of Health and

suppliessprovided by Colgate Palmolive and private donors.
Data Collection:

Parents, who participated in the dental intervention program were required to give
informedconsent for their child’s and their own participation. The community health
promoters-explained the procedures, possible oskiscomforts and possible benefits.

Written informed consent was obtained from the parents prior to the investigation.

Trained *Spaniskspeaking volunteers conducted interviews with the child’s primary
caregiver (usually the mother), in as private a setting as possible. The interview
guestionnaire was comprised of 50 questions on household and mother and child
characteristicsmother and child diet, oral hygiene and dental problems; medical and
dental’careutilization; and the caregiver's assessment of the child’s oral health and
overall“health. The interviewer read each question aloud, and recorded the caregiver’
response on aadia collection form. Following the interviews, the UC Berkeley research
teamsreviewed the forms for discrepancies, and conducted training updates for
interviewersito address any problelASAPROSAR community health workers carried

out the coordination, education on oral hygiene, and fluoride varnish applitiatesn

times a yeam conjunction with dentists from thdinistry of Health
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Four licensed US dentists conducted children’s dental examina@angs was defined

as a cavitated lesion. Caries wasssessedly visual inspection using lzeadlampunder
natural light anda dental mirrotut without the use of a dentakplorer. Children were
examined in, the preferred position for the examiner and for the child's cewifodr
recumbent,on a table, kewo-knee with the mother, or seated in a chair. During the
dental ‘exam, the status of each tooth was stated verbally for an assistant to record. The
status "categories included whether the tooth was deciduous, erupted, healtimg, miss
decayed“(only cawated lesions were recorded), or filledhus, the dmfindex which
measures the number of primary teeth decayed, missing, anddiétgdwas used as the
surveytoelAt the initial health trainingsessionand annually, the dentists standardized
their examrassessments by independently examini#gcBildren, and then comparing
and reconciling their exam findings to ensure consistency between examinany. |
guestionable judgments arose during the dental exams, the examiners consultechwith ea
other toagree upon the classification of a lesion. No official calibration tests were

performed:

Statistical Analyses:

Study data were entered in Excel and verified by a second individual. Data were the
translated into English. A trained study team membesteared ddadentified coded data

to SPSS 19.0 software for analysis. Descriptive statistics (counts, percentages) were used
to describe prevalence of ECC in the sample in relation to age and dmft score. Linear
mixed /model ANOVAs were used to compare thediptervention and poshtervention
cariess=countsand mouthpain frequency scores, and generalized linear mixed effects
modéls*were used to compare the-iptervention and poshtervention binary caries
variables. Age was included as a covariate. Ranefibects were included for village to
account for.clusteng effects of the village, for family to account for correlations among
siblings, and for subject to correlate multiple observations within a childtiove.

RESULTS

This article is protected by copyright. All rights reserved
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Baseline Results

Demographics

Table 1 illustrates thebaseline (2006) demographic characteristicef the study
population(children, mother, and household), nutritional practices of children, and oral
health practices of both children and mothérsotal of 886 children were seen fdr259
dental visits from 2006 to 201The children’smean agevas3.9 years. The mothers had
a mean‘age'of 30.5 years and a mean level of education of 4.5Qf#ese households,
55% had“potable water and 78% had electricity. While nearly all chil@&¥) were
breastfed, nearly half othe children (45%) were given a baby bottle, which often
included sugary and acidic liquids such as co{i@s), lemonade (14%)juice-soda or
sugary water (51%)Baseline survegata showed that 84% of children hatbathbrush,
74% had toothpaste, and only 30% had been to the dentist.

Table lLillustrateghe percent of children in each age group by year. Results of this study
show that=the prevalence of cariésnft (exterm of caries experiencegnd mouth pain
increasedwith ageAigure1A B and §. The prevalence o€ariesin the primary
dentition increased from 10% at age 1 to 100% by affidiire 1A. The dmft score
increased from <1 at age 1 to approximately 8 at agedd/re 18. The steepest slope

for the increase in prevalence of caries and dmft was from birth to 3 years of age. The
prevalence of mouth pain increased from approximately 25% of 3 year olds to 50% of 6

year olds:

A crosssectional evaluation of cavitated caries lesions in children fron6-2000 is
shown.in Figure. These numbers illustrate that caries prevalence went fraigh of

90% to a. low of 70% from years 2006 to 2008, then when the intervention was
interrupted.the numbers again increased to a higb%fby year 2010. Similarlymean

dmft sceres went from ad high of 6.34to a low 0of4.27 from years 2006 to 2008, then
when the.intervention ceased/was interrupted the numbers again increased to a high of
4.92 by year 2010For children age Qo 2 years, the prevalence of untreated dental
caries, dmft and mouth pain did ngignificantly differ across the yeafsom 2006 to

2010.

This article is protected by copyright. All rights reserved
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An assessment of thengitudinaldata revealed th&73 children had at least one return
dental visitwith the UC Berkeley research teamner the coursef the studyFor children
who needed urgent dental treatment, referrals were made to the Ministry thf ¢teehl

clinics.

The"preintervention and poshtervention changes in dmft and mouth pain for the 3 to 6
year old"children is illustrated in Riges 3 and 4. For older childrert@®6 years of age,
there (was | statistically significant reduction in the prevalence of severe ECC
(dmft+DMFET) over time from 74% to B (Figure 3, a nonsignificant reduction was
also observed for dmft+DMFT counts (640444 to 5.45+0.37, p=0.}5Similarly, these
children alse@ revealed a significant reduction in the frequency of mouth paib&%nto

39% (Figure4). The younger children, 0 to 2 years old, did not experience a significant
reductien_in dmft or mouth pain~fgures3 and 4 dmft+DMFT counts 1.480.37 to
1.37+0419:

DISCUSSION

Prevalence and Severity:

This study documents a widespread problem of early childhood caries (ECC) ipla sam
of children from rural El Salvador. ECC wasesentin the first two yees of life and
increasd steadily in prevalence and sevenitith age, affecting virtually all children by 6
years ofsage. Thextert of high caries experiencéhe prevalence of untreated decayed
teethwandsmouth pain, and limited access to dental caregathe children in this study

indicate"a‘pressing need for both prevention and treatment of ECC in this population.

In thissstudyof rural EI Salvadoian children, theprevalence of ECC (58%gppears
similar=to that reported in previous studied 2003 WHO report statedthat the
prevalence:wof caries (treated and untréagéubally was6090% (1, 30). However, in our
study populationmost of the lesions were untreated. Thus, the prevalence of untreated
caries n the El Salvadorian population ssgnificart and high compared to other places

around the world since it represents primarily untreated ECC.

This article is protected by copyright. All rights reserved
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A recentsystematic review and etaregression analysts the prevalence ahe global
burden ofdiseaseshowed that in 2010, caries in deciduous teeth was thenidih
prevalent conditionwith the highest prevalence at age 16 that review, countries in
southern latin Americaexhibited an 85% prevalenceate of caries ofprimary teeth.
Accordingsto United States, Btional Health and Nutrition Examination Survey (US
NHANES), the prevalence of caries in primary teeth in 1.92804were as follows2-5
years (total'27.9%, untreated caries 20.48%),1@ years (total 51.17%, untreated caries
24.49%)."However, withinUS American Indian/Alaska Native (AlI/AN»8% of Al/AN
children had experienced carida these childrenthe prevalence of untreated dental
decaywas43.6%, andhe mean dmft (decayed, missing, and filled teetfas 3 times
greatersthan for neNatives (31) AI/AN children have similar social, economic and
cultural issugto children of rural El Salvadof.herefore it is important tsurvey unique
populations that may exhibit significantly different characteristiesfthe overall group
such as very high prevalence rates of ECC. These subpopulations may need intensive oral
health gnterventionsThus, although global and national survéwyghlight mean caries
prevalencesor dmft values for whole populations, it isaaitio acknowledge the caries
valueswfor subpopulations that represent the most significant dish@se may go
unnotieedwithin the larger context of reported mean valu€his underscores the health
disparities that exist in large populations.

Socioeconomic Status

Socioeconemic status (SES) is consistently associated with caries ilevdtddren.
Indieators=such as income, education, and urbanization are usually used to determine
SESAmerican Indian/Alaska Nativeisk factors show such a close asation with

ECC as SES.

(6, 3234) Low SES is associated with lack of formal education, lack of preventive health
care (l.e., prenatal or dentaf)nd limited nutritional access. In an attempt to dissect the
relationship between SES and ECC, soresearchers haviocused their studies on
specific immigrant groups within thdS population. Latino immigrant children showed
higher than average ECC rates, second only to that of Native Amehddren (6, 24,

26). These findings confirm that economic barriers and limited maternal oral health

This article is protected by copyright. All rights reserved
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knowledge are potential contributors to children's poor oral health
(35) Factors related to matetrnaral health beliefs and behaviors may vary with different
SES and education level&imong themothers inour study in rural El Salvador, thevel

of education was less than five years. Only 8% others sought regular dental care for
themselves and®6 had never seen a dentist. These findings support the role of both
economic barriers and limited maternal oral health knowledge as potentrdbctuns to

the children's oral healthThus,limited overall literacy, and health literacy may have

played aole’in the increased rigkr ECC in these communities.

Parental Practices and Risk Factors:

Cariessissthe result of a complex interaction between sociodemographic, bahandr
microbielegical factorsProlongedor nighttime bottlefeedingwas corelated with ECC

in studies from Saudi Arabia, Ushd Turkey. (12, 36, 3®puidelines prepared by the
American Academyf Pediatrics (AAP) suggetitat parents shouloegn bottle weaning
when their child is approximately nine months of age and accomplish weaning soon after
the first=birthday.(38) Studies from Japan and UBiowed that later weaning is also
correlated. with increased ristor ECC. (26, 39)Increased availability of fermentable
carbohydrates imaby bottle was reported imore than halbf Saudi Arabian children
with  ECC. (11, 40) In India, a high frequacy consumption offermentable
carbohydrate, which were given as part afrewardsystemwas correlated with ECC.
(412) In this study, 45% of children were bottlefed ranging from 15.4 to 35.6 months,
which islengerthan the recommended duratisuggestedby the AAP. In our study, both

the prolongedottle-feedingand theincreased availabilityof fermentable carbohydrate
conténts“inbaby bottles such as milknatural juice artificial juice and lemonade may
contribute ta high ECC in rural Salvadkm children.

Another contributing factor for ECC is a phenomenon often refdoes‘breastfeeding
at will” or “breastfeeding on demd”. (19) Evidencethat breastfeeding leads to ECC is
controversial and confusing. In studies from Bramd durkey, there were no significant
correlatiors between breastfeeding and EGE) However, studies from Japan and Saudi
Arabia support a correlation between breastfeedingemand and ECC when continued

This article is protected by copyright. All rights reserved



296  for more than 18 months. (39, 48)milary in our study,in rural El Salvado®©6% of
297  children were breastfeldnger thanl7 montls. Therefore, it appears thégeding habits
298 and the contents of the baby bottles can have an impact on ECC. (28) (42) (43)
299

300 Mouth Pain:

301 Inthis study, 60% of older children (3-6 years) with ECC reported oral pain. Studies have
302 shown thatchildren's oral health significantly impacts their physical, mental, and social
303 well-being as assessed by their parer#gl) Painful caries can lead to difficylieating

304 and sleeping and paying attention at school. Pain can also lead to challenges with dail
305 activities that can disturb basic functioning and growth and development. Imoaddit
306 research has shown thatildren with ECC were rated by their parensshaving worse

307 oral healthrelated quality of life than carigsee children and experiencedgignificant

308 improvementsin complaint of pain, eating preferences, quantity of food eaten, and
309 sleepng habits after treatment of dental carigg5) Althoughformally assessing quality

310 of life was beyond the scope of this study, our finding that more than half of the older

311 childrenw«epatedoral pain may indicate impairments in quality of life for this population.

312  Effectiveness of the Community-based Intervention

313 In 2002, the World Health OrganizatigVHO) and United Nations Children’s Fund

314 (UNICEF).developed a Global Strategy on Infant and Young Child Feeding to focus
315 world attention on the impact of communliased interventions to improve feeding in
316 infantss"and® young children, and identification of factors important to ensure that
317 interventions are successful and sustainable. In this study, oral health awareness and
318 fluoride applicationstarting in infancywere incorpaated into a rural community health

319 program in El SalvadoResults of the intervention show reductions in caries experience
320 and mouthgpain experience in children 3 to 6 years of age, which is consistent with the
321 WHOwand UNICEF recommendations on sustai@aiid successful community health
322 intervention program

323  This communitybased program has unique advantages and limitations. One important

324 advantageis that families and communities were not just beneficiaries of the
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interventions, buthe also became resirces to shape the intervention3he use of
trained health workers from the community allowed for the implementation of hagadth c
close to where mothers, other caregivers, and young children I{2¢dAfter the
conclusion of thestudy,the local community took ownership of the program andireus
its sugainability. Results of the study showed improvements in oral healthagpécts
relating,to_quality of lifeof the children. A limitation of this study was the absence of
standardizednter-examiner calibration, sinche dental examiners wem®lunteer US

dentists' who visited El Salvador annually.

CONCEUSION

This study*shows that ECC iscammonpublic health problem in rural El Salvador.
Incorporation of oral health education, oral hygiene supplasd fluoride
supplementation in an estafied communigbased maternalhild health program
beginning.in infancyappears t@how improvements in children’s oral health and quality
of lifegover time. ASAPROSAR community health workers continue to provide
education“on oral hygiene and fluoridaniah application in conjunction with Ministry

of Health.dentists in Bbalvador.
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Table I. Demographic Characteristics at baseline (2006) Characteristics
Child N=204
Participaing child mean age, years (SD) 3.9 (1.70)

Participating child gender

42% M, 58%F

Participating child immunization ujp-date

96%

Mother age, years

30.5 (SD 9.57)

Mother’s level of education 4.5 (SD 3.4)
Mother’s prenatal care'visits 90%
Number of chidreniin/family 3.0 (SD 1.8)
Number living in the"house 5.1(SD 1.8)
Potable water 55%
Electricity 78%
Cooking materials

Wood only 41%

Wood and Gas 41%

Gas only 18%
Nutrition Practices

Child ever breast fed 96%

How long breast fed (months)

17.8 (SD 11.9)

Child ever bottle fed

45%

How long bottle fed.(months)

25.4 (SD 10.2)

Child drinks in the bottle: Water
Milk
Formula
Coffee
Lemonade

Natural Juice
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13%

38%

4%

7%

14%

13%




Artificial Juice 19%

Soda 8%

Sugar water 11%
Oral Health Practices
Participating chilchas a toothbrush 84%
Participating chilchas a,toothpaste 74%
Mother reports brushing child’s teeth 65%
Participating child ever been to the dentist 30%
Mother never been.to.the dentist 54%
Mother last derdtl visit-due to mouth pain 60%

Table-II: The number and percent of children in each age group by year

Age

2006

2007

2008

2009

2010

7 (15%)

25 (18%)

22 (20%)

19 (15%)

21 (14%)

19 (41%)

54 (39%)

49 (44%)

59 (45%)

52 (36%)

20 (43%)

59 (43%)

20 (36%)

52 (40%)

73 (50%)

27 (17%)

35 (23%)

42 (32%)

32 (29%)

43 (32%)

&4 (28%)

41 (27%)

35 (27%)

26 (23%)

31 (23%)

50 (32%)

44 (29%)

33 (25%)

32 (29%)

37 (28%)

o O B~ Wl N | O

37 (23%)

34 (22%)

22 (17%)

21 (19%)

22 (17%)

Total #

204

292

243

241

279
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Figure Legends:

Figure 1."Mean dmft scores and the prevalence of caries and mouth pain increased
with age in young El Salvadorean children from rural communities. The graphs
illustrate the prevalence of caries (A), dmft score (B), and maaith prevalence (C)
acrosdifferent age groups (N=12%fental visit3.
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Figure2. Mean dmft scores and the prevalence of caries and mouth pain in young H
Salvadorean children from rural communities fluctuated in tandem with the
presence of a community based intervention program. The graphs illustrate the
prevalenee of caries (A), dmft score (B), and mouth pain prevalencx€¢€j)ime,(years
2006-2010;N= 1259 dental visits).

Figure3"Older El Salvadorean children experienced a significant reduction in the
prevalence of severe ECC over time following the adoption of a community based
intervention, program. The graph illustrates the levels of severe ECCECE) in

different'age groups, pre- and post-intervention (N= 1092 dental visits), (* = p<0.05)

Figure 4. Older El Salvadorean children experienced a significant reduction in
mouth pain_over time following the adoption of a community based intervention
programe=The graph illustrates the changes in mouth pain frequency of different age

groups,pre= and post-intervention (N= 1092 dental visits), (* = p<0.05).
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Figured. A Prevalence of caries, B. dmft and C. mouth pain score across different age
groups (N=125%lental visit$
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Figure-2:Prevalence of caries, B. dmft and C. mouth pain score over time, years 2006-
2010 (N= 125%ental visity
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