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ABSTRACT
Aim: To assess Early Childhood Caries by measuring the dmft, Significant Caries Index (SiC), pufa, and caries-free status in
informal settlements outside Cape Town, South Africa over a 10-year period.
Method: A series of cross-sectional studies over a 10-year period (2009–2019). Surveys were carried out in preschools in informal
settlements. A total of 5090 children aged from 1 to 5 years of age were examined.
Results: For 1- to 3-year-olds, the mean dmft was 4.33 ± 1.55, and for 4- and 5-year-olds, it was 6.34 ± 1.48. The difference in dmft
for 1- to 3-year-olds increased but did not differ statistically between 2009 and 2019. For 4–5 years old, there was an increase over
time. For 1- to 3-year-olds, the mean pufa was 0.34 ± 0.28, and for 4- to 5-year-olds, it was 0.63 ± 0.59. For 1- to 3- and for 4- to
5-year-olds, there was a statistically significant, lower pufa 2009–2019. For 1- to 3-year-olds, themean SiC was 11.0± 2.35, and for 4-
to 5-year-olds, it was 12.05± 1.89. There was a difference in SiC for 1–3 and for 4- to 5-year-olds, which was higher but did not differ
statistically 2009–2019. Among 1- to 3-year-olds, 32.1%were assessed as caries-free. Among 4- to 5-year-olds, 16.0%were caries-free.
There was a statistically significant, lower number of caries-free 1- to 3-year-old and 4- 5-year-old children 2009–2019.
Conclusions: The mean dmft has been found to be continuously high from 2009 to 2019. The SiC score remained unchanged,
whereas pufa was significantly lower. The frequency of caries-free children was lower over time.

1 Introduction

Dental caries is the most common non-communicable disease,
affecting up to 90% of schoolchildren worldwide. As a result, the
WHO recognizes it as a significant global burden [1, 2]. Research
indicates that, regardless of a country’s economic resources or
healthcare infrastructure, dental caries leads to extensive human
suffering thatmust be addressed [3]. For caries in primary teeth in
children under 6 years of age, known as Early Childhood Caries
(ECC), has been defined in various ways over the years. However,

in 2019, during a meeting of the International Association for
Pediatric Dentistry, ECC was unanimously defined as “The pres-
ence of one ormore decayed surfaces in any primary tooth of a child
under six years of age.” Consequently, the previous classification
of Severe Early Childhood Caries (S-ECC), which applied to
children aged 3–5, was abolished. This change underscores the
serious risk of caries in preschool-aged children [4].

Decades of research indicate that ECC affects children in both
welfare states and developing countries, though its distribution
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is highly uneven across populations [5, 6]. In a study of preschool
children in Johannesburg, South Africa, Mothupi et al. reported
a mean dmft score of 2.4 ± 3.4, with a Significant Caries Index
(SiC) score exceeding 5 [7]. The substantial gap between the
mean dmft and SiC scores suggests significant skewness in caries
distribution. A systematic review by Kimmie-Dhansay et al.
confirmed this trend across 21 eligible studies [8]. Children living
in informal settlements are particularly vulnerable to ECC, often
experiencing severe suffering as a result [7–9]. For comparison,
data from Sweden shows an incidence of caries, expressed as defs
>0, in the age group 1–5 years to vary between 1% for the 1-year-
olds and 23% for the 5-year-olds [3]. The youngest children are the
most severely impacted, particularly in terms of physical growth
and learning abilities [10, 11]. Ultimately, ECC affects children
in both welfare states and developing countries, contributing to
significant human suffering that must be addressed [3].

Extensive research on ECC has identified several key risk factors,
including frequent sugar consumption, infrequent toothbrush-
ing, low fluoride exposure, maternal education level, and genetic
predisposition [12–14]. A low level of parental education has been
strongly correlated with a higher prevalence of ECC in young
children. Moreover, socioeconomic status has been shown to
play a crucial role in enabling, initiating, and sustaining ECC
in millions of young children [3, 15]. Given its multifactorial
nature, ECC is likely influenced by socioeconomic conditions,
overall health status, and access to oral healthcare, particularly
among SouthAfrica’smost vulnerable children [16]. Additionally,
the widespread occurrence of ECC places a significant strain on
national healthcare systems [8].

The dmft index is themost commonly usedmeasure for assessing
caries in primary teeth [17]. However, because caries distribution
is often skewed within populations, the SiC index was developed
to provide a more accurate representation. This index calculates
the mean dmft value for the one-third of the population with
the highest caries experience [18]. To further assess the impact
of untreated dental caries in young children, the pufa index
is used. This index identifies visible signs of severe dental
infection, including pulp involvement (p), ulceration (u), fistula
(f), and abscess (a) [19, 20]. By utilizing these standardized
indices, countries can assess and track the oral health status of
children over time. According to the WHO, dental examinations
conducted under field conditions provide an adequate assessment
of caries prevalence [21].

Because the most vulnerable children in informal settlements
often experience a high burden of ECC, the impact falls not
only on the individual but also on the healthcare system. Given
the available data on oral health among vulnerable children in
South Africa, there has been a longstanding need to study ECC
prevalence using dmft, pufa, and SiC indices over an extended
period [5, 13, 22]. This would enable relevant authorities to
implement targeted measures to promote oral health.

2 Aim

This series of studies aimed to assess the prevalence of ECC by
measuring dmft, SiC, pufa, and caries-free status in informal

settlements outside Cape Town, South Africa, over a 10-year
period.

3 Materials andMethods

3.1 Study Set-Up

A series of cross-sectional studies by student research teams
over a 10-year period (2009–2019) recorded ECC assessments in
separate independent survey. A research collaboration between
the University of Gothenburg, Sweden, and the University of the
Western Cape, South Africa, surveys were carried out in informal
settlements southeast of Cape Town (Table 1). In each settlement,
three to seven preschools were visited. During the 10-year period,
5090 children, 1–5 years of age were examined.

3.2 Student Researchers

The research was carried out by dental students and dental
hygienist students completing their master and bachelor the-
ses, respectively, at the Institute of Odontology, Sahlgrenska
Academy, University of Gothenburg, Sweden. In total, 22 teams,
1–3 student teams per year, took part in this exchange program
with the University of the Western Cape, South Africa.

3.3 Calibration to Measure dmft and pufa Prior
to Data Sampling

All students took part in caries calibrations, consisting of 10
clinical image cases. The images (from preschool children in
Khayelitsha and Broadlands Park) displayed visible primary
dentition caries of varying degrees, in addition to pulp involve-
ment, fistulas, and abscesses with dental origin. The calibration
exercises continued on a weekly basis until the inter-examiner
reliability and the agreement versus the “gold standard” (the
author TL) exceeded 90%.

3.4 Clinical Caries Assessment

Students followed a dental hygienist schedule in the informal
settlements (Table 1). The children that could demonstrate
informed consent documents were included in the study. Clinical
caries assessments were performed according to a simplified
WHO survey form for field studies [21]. Indoor illumination and
sunlight were the light sources, and no radiographs were used.
The intraoral examinations were carried out using examination
mirrors. In some cases, clinical photos documented the oral
status.

Each primary tooth was diagnosed with 1 dmft variable, allowing
a maximum dmft score per mouth of 20. Primary teeth that had
been extracted were recorded as missing due to caries. Preschool
children with a zero dmft score were recorded as caries-free, even
without x-rays [17]. SiC was calculated using one third of the
highest dmft scores [18].
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TABLE 1 Clinical caries assessments were performed in five informal settlements outside Cape Town.

Years Settlement 1–3 years 4–5 years 1–5 years
n n n total

2009 Khayelitsha 84 217 301
2010 Khayelitsha 145 148 293
2011 Khayelitsha 89 64 153
2012 Khayelitsha 156 197 353
2012 Broadlands Park 40 204 244
2012 Broadlands Park 92 159 251
2013 Khayelitsha 88 106 194
2013 Broadlands Park 78 219 297
2013 Broadlands Park 40 217 257
2014 Broadlands Park 84 207 291
2014 Broadlands Park 85 206 291
2014 Broadlands Park 50 138 188
2015 Broadlands Park 43 139 182
2016 Broadlands Park 38 134 172
2016 Gugulethu 36 61 97
2017 Nomzamo 103 193 296
2017 Broadlands Park 13 205 218
2018 Nomzamo 72 235 307
2018 Broadlands Park 9 151 160
2019 Nomzamo 118 84 202
2019 Broadlands Park 6 122 128
2019 Mitchell´s Plain 38 177 215

Total 1507 3583 5090

Note: In total, 5090 children were orally screened for caries and pufa in their primary teeth through the years 2009–2019 in 5 informal settlements during 22 visits
outside Cape Town, South Africa. A total of 1507 of the children were 1–3 years old, whereas 3583 were between 4 and 5 years old.

For the pufa index, pulp involvement (p) was recorded when a
pulp chamber was exposed or if only root residues remained.
Ulceration (u) was recorded when a carious dislocated tooth
fragment caused an ulceration to the mucosa. Fistula (f) was
recorded when a visible drain caused by an infected tooth root
was found. Abscess (a) was registered when a swelling of pus
associated with an infected tooth root was present. Each primary
tooth was attributed one pufa variable, regardless of the number
of variables present [19].

3.5 Ethical Considerations

The project was approved by the University of Western Cape,
Biomedical Research Ethics Committee. Prior to the study start,
project information and consent forms were given to the con-
cerned legal guardians in English and the local Xhosa language.
To be enrolled in the study, each child needed to give their verbal
permission, in addition to the parent or guardian’s consent.

The participants’ name, age, and gender were collected, but
anonymity was ensured for all subsequent data processing. Par-
ticipation was voluntary, so the children and their legal guardians

could withdraw their participation at any time without giving a
reason.

3.6 Statistics

The 10-year data for the 1- to 3-year-old group and the 4- to
5-year-old group were analyzed separately. Mean scores were
calculated for the dmft, SiC, and pufa variables, respectively.
Regression lines, goodness of fit, and statistical differences from
the horizontal zero slope were computed using the GraphPad
statistical package. A p value < 0.05 was considered to be a
statistically significant difference.

4 Results

In total, 5090 children were orally screened for caries and pufa
in their primary teeth, through the years 2009–2019 during 22
informal settlement visits outside Cape Town, South Africa. 1507
(29.6%) of the children were 1–3 years old, whereas 3583 (70.4%)
were between 4 and 5 years old (Table 1).
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FIGURE 1 (A) The difference in dmft for 1- to 3-year-olds was lower but did not differ statistically between 2009 and 2019. The line of regression
did not differ statistically (p > 0.05) from the horizontal zero slope. One dot represents the dmft average from one set of recordings in one settlement.
(B) There was a significantly lower dmft for 4- and 5-year-olds between 2009 and 2019. The line of regression differed statistically (p < 0.05) from the
horizontal zero slope. One dot represents the dmft average from one set of recordings in one settlement.

4.1 dmft

More than 50% of all the examined children had one or more
decayed upper central primary incisors. The mean dmft was 5.5
for boys and 5.1 for girls.

For 1- to 3-year-olds, the mean dmft was 4.33 ± 1.55, and the
median was 4.05. For this group, the different dmft’s over time
did not vary statistically (p < 0.05) (Figure 1A).

For 4- and 5-year-olds, the mean dmft was 6.34 ± 1.48, and the
median was 6.35. For them, the line of regression differed sta-

tistically from the horizontal zero slope, showing a significantly
higher dmft over time (p < 0.05) (Figure 1B).

4.2 pufa

For 1- to 3-year-olds, the mean pufa was 0.34 ± 0.28, and the
median was 0.27. Their line of regression showed a significantly
lower pufa over time (p < 0.05) (Figure 2A).

For 4- to 5-year-olds, the mean pufa was 0.63 ± 0.59, and the
median was 0.36. Their line of regression showed a significantly
lower pufa over time (p < 0.05) (Figure 2B).

4 of 10 Public Health Challenges, 2025
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FIGURE 2 (A) For 1- to 3-year-olds, therewas a significantly lower pufa between 2009 and 2019. The line of regression differed statistically (p< 0.05)
from the horizontal zero slope. One dot represents the pufa average from one set of recordings in one settlement. (B) For 4- and 5-year-olds, there was a
significantly lower pufa between 2009 and 2019. The line of regression differed statistically (p < 0.05) from the horizontal zero slope. One dot represents
the pufa average from one set of recordings in one settlement.

4.3 SiC

For 1- to 3-year-olds, themean SiCwas 11.0± 2.35, and themedian
was 11.0. Their different dmft’s over time did not differ statistically
(p > 0.05. NS) (Figure 3A).

For 4- to 5-year-olds, the mean SiC was 12.05 ± 1.89, and the
median was 12.44. Their different dmft’s over time did not differ
statistically (>0.05. NS) (Figure 3B).

4.4 Caries-Free

Among 1- to 3-year-olds, 32.1% were assessed being caries-free,
and there was a significantly lower number of caries-free children
over time (p < 0.05) (Figure 4A).

Among 4- to 5-year-olds, 16.0% were assessed as being caries-free,
and there was a significantly lower number of caries-free children
over time (p < 0.05) (Figure 4B).
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FIGURE 3 (A) The difference in SiC for 1- to 3-year-olds was higher but did not differ statistically between 2009 and 2019. The line of regression
did not differ statistically (p > 0.05) from the horizontal zero slope. One dot represents the SiC average from one set of recordings in one settlement.
(B) The difference in SiC for 4- and 5-year-olds was higher but did not differ statistically between 2009 and 2019. The line of regression did not differ
statistically (p > 0.05) from the horizontal zero slope. One dot represents the SiC average from one set of recordings in one settlement. SiC, Significant
Caries Index.

5 Discussion

In order to understand a major oral health problem and plan for
improvement measures, a 10-year-long repeated cross-sectional
study was performed. The main results from this study demon-
strate that ECC constitutes a substantial problem for children
living in the informal settlements near Cape Town, South Africa.
The findings furthermore indicate that ECC has been found to be
continuously high between 2009 and 2019. The strength of this

project is its unique duration and repeated study format, that is, a
10-year-long repeated cross-sectional study, which enables time-
related ECC assessments and differences over a long period. An
additional strength is the large sample size of preschool children
that were scanned for ECC. More than 5000 children were orally
screened for caries and pufa in their primary teeth during the
10-year period. To the authors’ knowledge, there is no 10-year
prospective study in which ECC is followed and evaluated to this
extent.

6 of 10 Public Health Challenges, 2025
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FIGURE 4 (A) Therewas a significantly lower number of caries-free 1- to 3-year-old children between 2009 and 2019. The line of regression differed
statistically (p < 0.05) from the horizontal zero slope. One dot represents the dmft average from one set of recordings in one settlement. (B) There was
a significantly lower number of caries-free 4 and 5-year-old children between 2009 and 2019. The line of regression differed statistically (p < 0.05) from
the horizontal zero slope. One dot represents the dmft average from one set of recordings in one settlement.

Every year, the Western Cape Provincial Parliament publishes
Annual Performance Plans outlining the goals and strategies for
the upcoming year. Children and child healthcare are recurring
topics in these plans. Caries and measures to combat caries
in children were last mentioned in the 2011–2012 Annual Per-
formance Plan. Although a high prevalence of caries has been
recognized among children living in informal settlements, there
is a lack of current data and trends over time. The Western Cape
province is home to over 6 million people, with an estimated
700,000 children aged 1–5 in 2019. The exact number of chil-
dren living in informal settlements outside Cape Town remains
unclear. Additionally, there are approximately 100 public health
dentists and dental specialists in the province, creating a high
ratio of children to available dentists. Overall, there is a clear need

for up-to-date caries epidemiological data to inform healthcare
planning [23].

Postma et al. [9] point out that the significant social divides
in South Africa have led to a considerably higher incidence of
caries in the primary dentition amongBlack andColored children
compared to White children. The authors also discuss the impor-
tance of reaching the most disadvantaged groups in South Africa
through an integrated primary oral healthcare approach. They
argue that this approach should not only include oral health pro-
motion interventions but also address underlying social determi-
nants [9]. In a review by Kimmie-Dhansay et al., the researchers
found that dmft values varied between0.33 inLimpopo and 3.85 in
the Eastern Cape, two similarly deprived regions of South Africa

7 of 10
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[8]. A parallel can be drawn to Sweden, where there are consider-
able differences in mean dmft values between socioeconomically
advantaged and disadvantaged areas, particularly among the
youngest preschool children. Anderson et al. [24] attempted to
address this unjust and preventable burden by educatingmothers
of children under the age of three. However, despite biannual
instructions and fluoride varnish treatments for the affected
children, the educational effortswere unsuccessful. This outcome
highlights the complexity of caries, which is influenced by factors
such as cultural habits, family attitudes, and various immediate
environmental influences. These factors may overshadow the
effects of maternal education and socioeconomics, which are
deeply rooted in culture and difficult to change [24].

In the present study, the mean dmft for 1- to 3-year-olds was
4.33 ± 1.55. Within this age group, dmft values did not show
statistically significant variation over time. For 4- and 5-year-olds,
the mean dmft was 6.34 ± 1.48. In this group, the regression
line differed statistically from a horizontal zero slope, indicating
a significant increase in dmft over time. Among all children
aged 1–5 years, there was a significant decline in the number
of caries-free children over time, suggesting that the overall
caries burden increased during the study period. These findings
indicate that the caries situation among older preschool children
is gradually worsening, despite the presence of a health program
in which a dental hygienist regularly visits preschools to provide
dietary information and apply fluoride varnish. The overall caries
prevalence in the current study was 72.6%, which aligns with
previous findings on schoolchildren in South Africa, where
prevalence rates as high as 70% have been reported [10]. However,
a national survey conducted in 2022 by Kimmie-Dhansay et al.
reported an overall dmft score of 2.42, which is lower than the
findings of the present study [8].

For 1- to 3-year-olds, the mean SiC was 11.0 ± 2.35, whereas for
4- to 5-year-olds, it was 12.05 ± 1.89. The large difference between
dmft and SiC suggests a skewed distribution of caries occurrence,
where fewer children experience a disproportionately higher
prevalence of caries. There was no statistically significant change
in themean SiC score for themost affected children over the study
period. A survey by Postma et al., conducted in seven provinces
of South Africa, reported a mean SiC score of 7.6 [9]. In contrast,
the present study found a notably higher mean SiC value of 12.05.

For all children in the present study, the mean caries prevalence
was 72.6%, reflecting the phenomenon of ECC. Despite a global
decline in caries prevalence, the incidence of ECC among chil-
dren living in poverty has continued to rise [25, 26]. Each country
must address the determinants of ECC based on its own domestic
circumstances, resources, and regulations. It can be assumed that,
regardless of the structure of a country’s dental care system, the
most vulnerable children remain equally disadvantaged in terms
of oral health.Althoughpublished studies report variousmethods
and findings from diverse young South African populations,
they consistently highlight the magnitude of the ECC problem.
In the present study, the mean dmft, reflecting ECC among
children in informal settlements in the Western Cape, remained
persistently high throughout the 10-year study period. Kazeminia
et al. reported an overall global prevalence of ECC in primary
teeth at 46.2% [27]. Similarly, Kimmie-Dhansay et al. reported an
ECC prevalence of 44.94% in South Africa, which is notably lower

than the findings of the present study [8]. Postma et al. reported
an ECC prevalence of all severity grades at 55%, also lower than
in the current study [9]. The caries situation among children in
Cape Town’s informal settlements is alarming.

Untreated caries and its complications were measured using the
pufa score. For 1- to 3-year-olds, the mean pufa was 0.34 ± 0.28,
with the regression line showing a statistically significant decline
over time. Similarly, for 4- to 5-year-olds, the mean pufa was
0.63 ± 0.59, and the regression analysis also indicated a statis-
tically significant decrease over time for this group. Among all
indicators, pufa most clearly reflected the extent of suffering.
Although the mean dmft score increased with age, the pufa score
simultaneously declined over time. This may seem contradictory
but could indicate improved access to emergency dental care
for affected children during the study period. The pufa score
must always be assessed in the context of dental care availability,
which is particularly relevant for South African children. To the
authors’ knowledge, no other South African pufa values have
been reported outside of the present study. As a comparison, the
mean pufa value for Nigerian 4- to 6-year-olds was found to be
0.16, which is considerably lower than in the present study [28]. In
contrast, Pakistani 4- to 5-year-olds had amean pufa value of 0.86,
which was higher than both the Nigerian value and the findings
of the present study [29].

The caries situation in shantytowns not only affects children on
an individual level but also places a significant burden on the
healthcare system and society as a whole. Given the available
data on oral health status among vulnerable child populations in
South Africa, there has been a longstanding need to study ECC
prevalence over an extended period using dmft, as well as pufa
and SiC [5, 13, 22]. With this in mind, the relevant authorities
could be given the opportunity to implement appropriate oral
health promotion measures.

6 Conclusions

The mean dmft, reflecting ECC among children in South African
informal settlements, remained consistently high from 2009 to
2019. Over time, caries prevalence increased among all children,
whereas the mean pufa decreased, and the SiC score remained
unchanged. The proportion of caries-free children was low. The
caries burden in this vulnerable population is significant and
demands urgent attention to the known determinants of ECC.
Addressing this issue requires well-establishedmethods of dental
care planning, disease prevention, and containment.
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aged from 1 to 5 years of age were examined between 2009 and 2019. The
caries parameters dmft (decayed, missing, and filled teeth) and pufa (pulp
exposure, ulcerations, fistulas, and abscesses) were assessed.
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