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ABSTRACT

Aim: To assess oral health outcomes among populations living in informal urban, rural, and refugee settlements.
Methods: This systematic review was conducted in accordance with the PRISMA 2020 reporting guidelines and
followed the methodological guidance of the Joanna Briggs Institute (JBI). Electronic searches were performed
in PubMed, Web of Science, Embase, LILACS, Scopus, and PsycINFO up to October 12, 2024. Observational
studies evaluating oral health outcomes among individuals residing in socially vulnerable settlements were eligible
for inclusion. Study selection and risk of bias assessment were independently conducted using the JBI critical
appraisal checklist for analytical cross-sectional studies. Data were narratively synthesized. When methodological
homogeneity was identified, meta-analyses of dichotomous outcomes were performed using a random-effects
model. Pooled prevalence estimates with 95% confidence intervals (95% CI) were calculated, and statistical
heterogeneity was assessed using the P statistic. Results: The search identified 1,204 records, of which nine studies
met the inclusion criteria. The included studies were conducted in South Africa, India, Israel, Greece, and Brazil,
and primarily involved children, adolescents, and adults living in socially vulnerable settlement contexts. The
main oral health outcomes assessed were dental caries, periodontal conditions, dental pain, and self-perceived
oral health. Meta-analysis demonstrated that 84.46% (95% CI: 75.09-91.93; P = 85.15%) of participants had
experience of dental caries, 44.74% (95% CI: 38.84-50.72; P = 69.26%) reported dental pain, and 62.81%
(95% CI: 41.44-81.84; F = 97.62%) reported negative self-rated oral health. Conclusion: Populations living
in socially vulnerable settlements experience a substantial burden of dental caries, dental pain, and negative
self-rated oral health. Structural vulnerabilities and barriers to accessing oral health services likely contribute to
these unfavorable outcomes. Further well-designed longitudinal studies using standardized diagnostic criteria
are needed to strengthen the evidence base in this field.
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RESUMO

Objetivo: Avaliar os desfechos de satide bucal em populacdes que vivem em assentamentos urbanos informais,
rurais e de refugiados. Métodos: Esta revisdo sistematica foi conduzida em conformidade com as diretrizes de
relato PRISMA 2020 e seguiu as orienta¢cdes metodoldgicas do Joanna Briggs Institute (JBI). Buscas eletronicas
foram realizadas nas bases PubMed, Web of Science, Embase, LILACS, Scopus e PsycINFO até 12 de outubro de
2024. Estudos observacionais que avaliaram desfechos de satide bucal em individuos residentes em assentamentos
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socialmente vulneraveis foram considerados elegiveis para incluséo. A sele¢éo dos estudos e a avaliacdo do risco de
viés foram realizadas de forma independente, utilizando a lista de verificacéo critica do JBI para estudos transversais
analiticos. Os dados foram sintetizados de forma narrativa. Quando identificada homogeneidade metodoldgica,
meta-analises de desfechos dicotémicos foram conduzidas por meio de modelo de efeitos aleatdrios. Estimativas
de prevaléncia combinadas com intervalos de confianca de 95% (IC 95%) foram calculadas, e a heterogeneidade
estatistica foi avaliada por meio da estatistica I>. Resultados: A busca identificou 1.204 registros, dos quais nove
estudos atenderam aos critérios de inclusdo. Os estudos incluidos foram conduzidos na Africa do Sul, India,
Israel, Grécia e Brasil, envolvendo principalmente criancas, adolescentes e adultos que vivem em contextos de
assentamentos socialmente vulneraveis. Os principais desfechos de saide bucal avaliados foram carie dentaria,
condig¢bes periodontais, dor dentaria e autopercepcao da saude bucal. A meta-analise demonstrou que 84,46%
(IC 95%: 75,09-91,93; 12 = 85,15%) dos participantes apresentaram experiéncia de carie dentdria, 44,74% (IC
95%: 38,84-50,72; I = 69,26%) relataram dor dentdria e 62,81% (IC 95%: 41,44-81,84; 12 = 97,62%) relataram
autopercepcio negativa da satide bucal. Conclusdo: Populacdes que vivem em assentamentos socialmente
vulneraveis apresentam elevada ocorréncia de carie dentaria, dor dentdria e autopercepcdo negativa da saude
bucal. Vulnerabilidades estruturais e barreiras de acesso aos servicos de satide bucal possivelmente contribuem
para esses desfechos desfavoraveis. Sdo necessarios estudos longitudinais bem delineados, utilizando critérios

diagnésticos padronizados, para fortalecer a base de evidéncias nesta area.
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INTRODUCTION

The conditions in which individuals live and
carry out their daily activities strongly influence
whether diseases develop, as well as their
progression and severity [1,2]. Settlements are
residential contexts in which specific populations
reside either temporarily or permanently, often
shaped by complex historical, political, and
social processes [3]. Many of these settings
are characterized by inadequate sanitation
infrastructure [4], limited access to safe
drinking water [5,6], environmental exposure
to pesticides [7,8], and geographic or structural
barriers to health care services. These factors
collectively exacerbate social vulnerability
and negatively affect the overall health of
residents [9,10].

Settlements have been defined as residential
areas formed through social, political, or migratory
processes, typically characterized by precarious
housing structures (informal constructions, tents,
containers, or self-built dwellings), limited access
to basic sanitation and potable water, restricted
availability of health services, and socioeconomic
marginalization [3-11]. These contexts include
informal urban settlements, as defined by the
United Nations Human Settlements Programme
as areas lacking adequate housing and essential
infrastructure [11], rural settlements, where
individuals seeking agrarian reform live [3], as
well as refugee settlements resulting from forced

displacement, in accordance with the terminology
of the United Nations High Commissioner for
Refugees [12].

Oral diseases constitute a major global public
health challenge. Untreated oral conditions affect
approximately 3.5 billion people worldwide,
with untreated dental caries in permanent
teeth representing the most prevalent health
condition globally [13]. Severe periodontal
disease affects hundreds of millions of individuals
and remains a leading cause of tooth loss in
adults [13]. Although improvements in oral
health indicators have been observed in high-
income countries, the overall burden of oral
diseases remains disproportionately concentrated
among socially and economically disadvantaged
populations [13-15]. This unequal distribution
is strongly influenced by social determinants of
health, including income, education, housing
conditions, sanitation, and access to health
services [2,16], which shape both exposure
to risk factors and access to preventive and
curative care. Consistent associations have
been reported between lower socioeconomic
status and higher prevalence of dental caries,
destructive periodontal disease, and other oral
conditions [14,15,17].

Given the structural vulnerabilities inherent to
settlement contexts and the lack of comprehensive
synthesized evidence on this topic, a systematic
evaluation of the literature on the oral health
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outcomes in these populations is warranted.
Therefore, the aim of this study was to conduct
a systematic review and meta-analysis to assess
oral health outcomes among populations living
in informal urban, rural, and refugee settlements.

MATERIALS AND METHODS

Protocol

This systematic review was registered in the
PROSPERO database (ID: CRD42022377609)
and was conducted in accordance with the
methodological guidance for systematic
reviews issued by the Joanna Briggs Institute
(JBI) [18]. The reporting of the systematic
review complies with the Preferred Reporting
Items for Systematic Reviews and Meta-
Analyses (PRISMA) [19].

Research question

The research question (What is the
oral health status of populations living in
settlements?) was formulated based on the
Population-Exposure-Outcome (PEO) framework.
The population comprised individuals of all age
groups, the exposure was defined as residence in
a settlement context, and the outcome of interest
was oral condition.

Databases and search strategy

A comprehensive electronic search was
conducted in the PubMed, Web of Science,
Embase, LILACS, Scopus, and PsycINFO databases.
The final search was performed on October 12,
2024, without restrictions on publication date
or language. The search strategy combined
controlled vocabulary terms (MeSH) and free-text
keywords related to settlement contexts and oral
health conditions. The search strategy included
the following terms: Human Settlement OR
Settlement AND Oral Health OR Tooth Diseases
OR Mouth Diseases OR dental caries OR Carious
Lesion OR dental decay OR caries disease OR
root caries OR tooth caries OR tooth decay OR
dental fissure OR DMFS OR dmfs OR DMFT
OR dmft OR ICDAS OR periodontal disease OR
gingival disease OR pyorrhea OR gum disease
OR periodontitis OR gingivitis OR parodontosis
OR periodontal pocket OR periodontal abscess
OR dental plaque OR probing depth OR bleeding
on probing OR plaque index OR gingival index
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OR periodontal index OR attachment level OR
gingival bleeding OR VPI OR GBI OR API OR
Tooth Loss OR Edentulous OR Edentulism.
In addition, the reference lists of included studies
were manually screened to identify potentially
relevant publications.

Study selection

The study selection process followed the
recommendations of PRISMA 2020 [19] and
was conducted in a structured and sequential
manner. Records retrieved from the electronic
databases were exported to EndNote Web
(©2024 Clarivate), and duplicate records
were removed automatically. Subsequently,
two reviewers (SB and JG) independently
screened the titles and abstracts of the remaining
records according to the predefined eligibility
criteria. Full-text versions of potentially eligible
studies were then retrieved and independently
assessed by the same reviewers to determine final
inclusion. The reviewers worked independently
during both screening phases. Disagreements
regarding study inclusion were resolved through
discussion and consensus, and when consensus
could not be reached, a third reviewer (LV) was
consulted to make the final decision. Studies
meeting all eligibility criteria were included in
the qualitative synthesis, and those reporting
methodologically comparable dichotomous
outcomes were incorporated into the quantitative
meta-analysis when appropriate.

Eligibility criteria

Eligibility criteria were defined according
to the PEO framework. Observational studies,
including cross-sectional, cohort, and case-control
designs, that evaluated oral health outcomes
among individuals residing in settlement
contexts were considered eligible. The population
included individuals of any age or sex living in
informal urban settlements, rural agrarian reform
settlements, or refugee settlements. The exposure
of interest was residence in a socially vulnerable
settlement context. Outcomes included objective
and/or subjective oral health measures, such as
dental caries indices (DMFT/dmft), periodontal
indices (CPI, CPITN), dental pain, tooth loss,
treatment needs, and self-rated oral health.
No restrictions were applied regarding year of
publication or country. Studies involving fossil
or historical populations, studies not reporting
specific oral health outcomes, review articles,
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editorials, case reports, and conference abstracts
were excluded.

Data extraction

Data were extracted using a standardized
spreadsheet developed in Microsoft Excel 2010.
The extracted information included the authors
and year of publication, the country in which the
settlement was located, study design, sample size,
population characteristics (including age group
and description of the settlement context), oral
health outcomes assessed, diagnostic criteria
or indices used (such as DMFT/dmft, CPI,
and CPITN), and the main quantitative results
reported by each study, including prevalence,
mean values, and distribution of outcomes.
The extraction process focused on characterizing
the study populations and oral health indicators
evaluated, enabling qualitative synthesis and,
when appropriate, quantitative pooling of
comparable dichotomous outcomes.

Risk of bias assessment

Risk of bias was independently assessed by
two reviewers (SB and AG) using the JBI critical
appraisal checklist for analytical cross-sectional
studies. Each study was evaluated across eight
methodological domains addressing sampling
procedures, measurement validity and reliability,
identification of potential confounding factors,
and appropriateness of statistical analysis.
Disagreements between reviewers were resolved
through discussion and, when necessary,
consultation with a third reviewer (LV).

Summary of results and statistical analysis

A narrative synthesis of the included studies
was initially conducted, grouping findings
according to the type of oral health outcome
assessed. When methodological homogeneity
among studies in terms of the oral health
outcome evaluated was identified, information
on the number of individuals with a specific oral
outcome and information on the total number
of individuals in each study was collected
and meta-analyses were performed. Pooled
prevalence estimates with corresponding 95%
confidence intervals (95% CI) were calculated
using a random-effects model, considering the
anticipated clinical and methodological variability
across studies. Meta-analyses were conducted
using MedCalc Statistical Software version
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19.2.6 (MedCalc Software, Ostend, Belgium).
Statistical heterogeneity was assessed using
the F statistic, which estimates the proportion
of total variation across studies attributable to
heterogeneity rather than chance. P values were
interpreted as low (<25%), moderate (25-75%),
or high (>75%) heterogeneity.

Certainty of the evidence assessment

For the three meta-analyses, the certainty
of the evidence was assessed. Number of studies,
whose data were incorporated into meta-analysis,
study design, risk of bias, inconsistency,
indirectness, imprecision, and publication bias
were evaluated. Information on the summary
of the findings was also provided. The evidence
certainty could be very low, low, moderate or
high. The software GRADEpro was used [20].

RESULTS

Article selection

The database search identified 1,204
records. After removal of duplicate references
(n = 253), 951 records remained for screening.
Following title and abstract screening, 911
records were excluded for not meeting the
predefined eligibility criteria. The full texts of the
remaining articles were assessed for eligibility,
and 31 were excluded for failing to meet the
inclusion criteria. Ultimately, nine studies fulfilled
all eligibility criteria and were included in the
qualitative synthesis. Of these, seven reported
methodologically comparable dichotomous
outcomes and were therefore included in
the quantitative synthesis (meta-analysis).
The complete study selection process is presented
in Figure 1.

Characteristics of included studies

Nine studies were included in the qualitative
synthesis. The studies were published between
1998 and 2024 and were conducted in Brazil
(n = 3), South Africa (n = 3), Greece (n = 1),
India (n = 1), and Israel (n = 1). The studies
adopted a cross-sectional design, and sample
sizes ranged from 70 to 557 participants.

The populations investigated comprised
children, adolescents, and adults residing in
socially vulnerable settlement contexts, including
informal urban settlements, rural agrarian
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Figure 1 - Flowchart of study selection process. Adapted from Page et al. [19].

reform settlements, and refugee settlements.
The oral health outcomes assessed included
dental caries (measured using DMFT/dmft
indices), periodontal conditions, tooth loss,
malocclusion, dental pain, self-perceived oral
health, and access to dental services. Overall, the
prevalence of oral diseases was consistently high
across studies, although variation was observed
according to age group and type of settlement.

Bhayat et al. [21] evaluated dental caries
among 169 children aged three to six years living
in an informal settlement in South Africa. Bhatt
and Gaur [22] investigated dental caries in 254
Tibetan refugees aged six to 18 years residing
in a settlement in India. Brijlal and Gordon [23]
assessed dental caries and gingival inflammation
in 70 children aged two to six years living in an
informal settlement in South Africa. Ledo et al. [24]
examined dental caries, periodontal health, and
treatment needs in 180 Brazilian adolescents
aged 10 to 19 years residing in a rural settlement.
Moimaz et al. [25] evaluated dental caries and
periodontal health in 179 Brazilian adolescents
aged 11 to 18 years living in a rural settlement.
Moura et al. [26] assessed dental caries, dental
pain, self-rated oral health, and treatment needs
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in 557 Brazilian adults aged 20 to 59 years
residing in a rural settlement. Stabholz et al. [27]
investigated periodontal status in 412 adults
aged >35 years living in settlements in Israel.
Zaheer et al. [28] evaluated self-rated oral health
and self-reported oral problems in 156 adult
refugees (>18 years) residing in settlements in
Greece. Westaway et al. [29] assessed dental
pain, self-rated oral health, and self-reported
oral problems in 294 Black individuals aged >12
years living in an informal peri-urban settlement
in South Africa.

A summary of study characteristics is
presented in Figure 2, and detailed data extraction
is provided in Table 1.

Oral health outcomes

Dental caries

Six studies investigated dental caries [21-26]
using DMFT (decayed, missing, and filled
permanent teeth), dmft (decayed, missing, and
filled deciduous teeth), caries experience (DMFT/
dmft >1), and related measures.
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Table | - Complete extraction of data from studies included in present systematic review

Bhayat et al. [21], South Africa,
cross-sectional study.

Bhatt and Gaur [22], India,
cross-sectional study.

Brijlal and Gordon [23], South
Africa, cross-sectional study.

169 children 3 to 6 years of age
living in informal settlement in
South Africa.

254 Tibetan refugees 6 to 18
years of living in settlement in
India.

70 children 2 to 6 years of age
living in informal settlement in
South Africa.

Prevalence of caries
overall prevalence
dmft index
3 years
4 years
5 years
6 years
average dmft
Caries experience
Mixed dentition
dmft = 0 and DMFT =0
dmft >1 and DMFT >1
Permanent dentition
DMFT =0
DMFT > 1
Caries index

Mixed dentition
average dmft average DMFT

Permanent dentition
average DMFT
Caries experience
Caries-free
Caries-infected

Caries index

Decayed teeth

Prevalence of caries (n = 169)
overall prevalence = 39% (n = 66)
dmft index (n = 169)

3 years = 0.76 + 2.03 (n = 59)

4 years = 1.60 + 2.76 (n = 53)

5 years = 2.43 £ 3.14 (n = 44)

6 years = 2.31+ 2.75 (n = 13)
average dmft = 1.58 (z 2.70)
Caries experience
Mixed dentition (n = 75)
dmft = 0 and DMFT = 0 = 16% (12)
dmft >1 and DMFT >1 = 84% (63)
Permanent dentition (n = 179)
DMFT = 0 = 22.3% (40)
DMFT >1 = 77.3% (139)
Caries index
Mixed dentition

average dmft = 3.54 (+ 4.11)
average DMFT = 0.92 (+ 1.06)

Permanent dentition
average DMFT = 2.82 (+ 2.44)
Caries experience (n = 70)
Caries-free = 18.5% (13)
Caries-infected = 81.5% (57)
Caries index (n = 70)

Average decayed teeth = 4
(range: 1 and 17)
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Brijlal and Gordon [23], South
Africa, cross-sectional study.

Ledo et al. [24], Brazil,
cross-sectional study.

Moimaz et al. [25], Brazil, cross-
sectional study.

Gingival inflammation
Present

70 children 2 to 6 years of age Absent
living in informal settlement in

South Africa.

Plaque deposits

Moderate to abundant

Absent or mild

Caries index
Average DMFT
Caries experience
DMFT =0
DMFT 21

Community periodontal
index (CPI)

healthy (CPI = 0)
gingival bleeding (CPI = 1)

180 Brazilian teenagers 10 and clanizl edlelivs (23] =2)

19 years of age living in rural periodontal pocket 4-5 mm

settlement. (CPI = 3)
periodontal pocket 2 6 mm
(CPI = 4)

Dental treatment needs
Restoration
Extraction

Endodontic treatment

Enamel remineralization

Sealant application
Fixed prosthesis application

DMFT Index
11 years
12 years
13 years
14 years
15 years
16 years
17 years

179 Brazilian adolescents 11 to
18 years of age living in rural
settlement.

18 years

Average

Average decayed teeth
Average missing teeth

Average filled teeth

Caries experience
DMFT =0

DMFT >1

Gingival inflammation (n = 70)
Present = 82.8% (58)
Absent = 17.2% (12)

Plaque deposits (n = 70)

Moderate to
abundant = 95.7% (67)

Absent or mild = 4.3% (3)

Caries index (n = 180)
Average DMFT = 5.49 (+ 3.33)
Caries experience (n = 180)
DMFT 0 = 6.7% (12)
DMFT =1 = 93.3% (168)

Community periodontal index
(CPI) (n = 180)

healthy (CPI = 0) = 62.8% (113)

gingival bleeding
(CPI =1) = 28.8% (52)

dental calculus (CPI = 2) = 7.8% (14)

periodontal pocket 4-5 mm
(CPI =3) =0.6% (1)

periodontal pocket 2 6 mm
(CPI = 4) = 0% (0)

Dental treatment needs (n = 180)
Restoration = 86.6% (156)
Extraction = 5.7% (10)
Endodontic treatment = 5.3% (10)
Enamel remineralization = 0.8% (1)

Sealant application = 0.8% (1)

Fixed prosthesis
application = 0.8% (1)

DMFT Index (n = 179)
1 years =51 (x28)n=28
12 years =5.0 (x2.9) n= 31

13 years = 5.8 (+ 4.0) n = 29
14 years = 5.3 (+ 3.4) n = 33
15 years = 6.3 (+ 2.4) n =12

16 years = 5.7 (+ 3.4) n = 23

17 years = 5.2 (+ 3.8) n =15

18 years =74 (+41)n=8
Average = 5.5 (z 3.3)

Average number of decayed
teeth (n = 179): 4.3 (= 3.3)

Average number of missing
teeth (n =179): 0.0 (+ 0.2)

Average number of filled teeth (n
=179): 1.2 (+ 1.9)

Caries experience (n = 179)

DMFT = 0 = 6.7% (12)
DMFT >1 = 93.3% (167)
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Moimaz et al. [25], Brazil, cross-
sectional study.

Moura et al. [26], Brazil, cross-
sectional study.

Stabholz et al. [27], Israel,
cross-sectional study.

179 Brazilian adolescents 11 to
18 years of age living in rural
settlement.

557 Brazilian adults 20 to 59
years of age living in rural
settlement.

412 adults 2 35 years of age
living in settlements in Israel.

Community periodontal
index (CPI)

healthy (CPI = 0)

gingival bleeding (CPI = 1)

dental calculus (CPI = 2)
periodontal pocket 4-5 mm
(CPI =3)

periodontal pocket =2 6 mm
(CPI = 4)

Self-perceived gingival

health

Good
Fair
Poor

Self-assessment of oral
health status

Positive perception of oral

health

Negative perception of oral

health

Number of decayed
permanent teeth

0
1-3
4 or more

Number of missing
permanent teeth

0
1-3
4 or more

Number of restored
permanent teeth

0
1-3
4 or more
Pain perception
None
Little
Medium/High

Self-reported treatment
need

Yes
No

Community Periodontal
Index of Treatment Needs
(CPITN)

Age group 35-44

0-1
2-3

Community periodontal index
(CPI)

healthy (CPI = 0) = 68.2% (n = 122)

gingival bleeding (CPI = 1) = 24.6%
(n = 44)

dental calculus (CPI = 2) = 6.7%
(n=12)

periodontal pocket 4-5 mm
(CPI=3)=0.5% (n=1)

periodontal pocket 2 6 mm
(CPI=4)=0(n=0)

Self-perceived gingival health
(n = 179)

Good = 62.6% (n = 112)
Fair = 33.0% (n = 59)
Poor = 4.4% (n = 8)

Self-assessment of oral health
status (n = 557)

Positive perception of oral health
=29.5% (n = 164)

Negative perception of oral health
=70.5% (n = 393)

Number of decayed permanent
teeth (n = 557)

0 =257% (n =143)
1-3 = 35.5% (n = 198)
4 or more = 38.8% (n = 216)

Number of missing permanent
teeth (n = 557)

0 = 8.6% (n = 48)
1-3 = 69.1% (n = 385)
4 or more = 22.3% (n = 124)

Number of restored permanent
teeth (n = 557)

0 =76.5% (n = 426)
1-3 =16.1% (n = 90)
4 or more = 7.4% (n = 41)
Pain perception
None = 59.8% (n = 332)
Little = 14.1% (n = 78)
Medium/High = 26.1% (n = 145)

Self-reported treatment need
Yes = 86.6% (n = 467)
no =13.4% (n = 72)

Community Periodontal Index of
Treatment Needs (CPITN)

Age group 35-44 (n = 199
individuals/1074 sextants)

0-1=12.3% (n = 132 sextants)
2 -3 =56.4% (n = 606 sextants)
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Stabholz et al. [27], Israel,
cross-sectional study.

412 adults 2 35 years of age
living in settlements in Israel.

Zaheer et al. [28], Greece,
cross-sectional study.

156 refugees 2 18 years of age
living in settlements in Greece.

294 black individuals =12
years of age living in peri-urban
informal settlement in South
Africa.

Westaway et al. [29], South
Africa, cross-sectional study.

Among children living in a settlement in South
Africa, the prevalence of dental caries was 39%,
with a mean dmft of 1.58 [21]. Another study
conducted in a similar setting reported that 81.5%
of children had caries experience, with a mean
DMEFT of 4 (range: 1-17) [23]. In Tibetan children
living in a settlement in India, 84% had caries
experience in the mixed dentition and 77.3% in

4 4 = 31.3% (n = 336 sextants)

Age group 45-54 (n = 137

PR e A individuals/822 sextants)

(0)=1] 0-1=14.6% (n = 120 sextants)
2-3 2 — 3 =54.4% (n = 447 sextants)
4 4 = 31% (n = 255 sextants)

Age group 55+ (n = 96

L el AT individuals/576 sextants)

0-1 0-1=8.2% (n = 47 sextants)
2-3 2 -3 =48.4% (n = 279 sextants)
4 4 = 43.4% (n = 250 sextants)

Self-reported problems with Self-reported problems with

mouth mouth (n = 156)
Pain Pain = 48.3% (n = 72)
Sensitivity Sensitivity = 12.8% (n = 19)

Bleeding gums = 17.4% (n = 26)

Appearance of teeth = 18.8% (n
= 28)

Missing teeth = 21.5% (n = 32)
Cavities = 31.5% (n = 47)
No problems = 12.8% (n = 19)
Perceived oral health (n = 150)

Bleeding gums
Appearance of teeth

Missing teeth
Cavities
No problems

Perceived oral health

Poor Poor = 34.7% (n = 52)
Fair Fair = 41.3% (n = 62)
Good Good = 14.0% (n = 21)
Very good Very good = 4.0% (n = 6)
'| don't know' '| don't know' = 6.0% (n = 9)

Toothache experience Toothache experience (n = 294)

Yes Yes = 49% (n = 144)
No No = 51% (n = 150)
Current oral health problem
Current oral health problem (n = 294)
Yes Yes = 40% (n = 116)
No No = 60% (n = 178)

Oral Health Status Oral health status (n = 289)

Excellent Excellent = 3% (n = 8)

Good Good = 56% (n = 163)
Fair Fair = 29% (n = 84)
Poor Poor = 12% (n = 34)

the permanent dentition. The mean DMFT was
0.92 (%£1.06), and the mean dmft was 3.54 (+4.11)
in the mixed dentition; the mean DMFT in the
permanent dentition was 2.82 (+2.44) [22].

Among adolescents living in rural settlements
in Brazil, 93.3% had caries experience, and the
mean DMFT was 5.5 [24,25]. Among Brazilian
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adults residing in a rural settlement, 74.3%
had untreated decayed teeth, 38.8% had DMFT
greater than 4, only 8.6% had no tooth loss due
to caries, and 23.5% had restored teeth [26].

Periodontal status

Four studies evaluated periodontal
conditions [23-25,27] using the Community
Periodontal Index (CPI) and the Community
Periodontal Index of Treatment Needs (CPITN),
which classify periodontal status into five categories:
healthy, gingival bleeding, dental calculus,
periodontal pockets of 4-5 mm, and periodontal
pockets >6 mm. Additional measures included
gingival inflammation and biofilm accumulation.

Among children living in a settlement in South
Africa, 82.8% presented gingival inflammation [23].
Among Brazilian adolescents residing in a rural
settlement, 28.8% had gingival bleeding (CPI = 1),
and 7.8% had dental calculus (CPI = 2) [24].
Similar findings were reported in another study
involving Brazilian adolescents, with corresponding
rates of 24.6% and 6.7%, respectively [25].

In adults living in settlements in Israel,
31.3% of sextants in the 35-44-year age group
had periodontal pockets >6 mm (CPITN = 4); the
prevalence was 31% in the 45-54-year group and
43.4% among individuals aged over 55 years. In
the same population, the proportion of sextants
classified as healthy (index 0) or presenting
gingivitis (index 1) was 12.3%, 14.6%, and 8.2%
across the respective age groups [27].

Other outcornes

Regarding self-rated oral health, most
adolescents residing in a rural settlement in Brazil
reported satisfaction with their dental appearance
(55.8%), no difficulty chewing (87.1%), no
avoidance of smiling (80.4%), and rated their
gingival health as “good” (62.6%) [25]. However,
another study conducted among adolescents in
a similar context reported that 86.6% had self-
reported dental treatment needs [24]. Among
adults living in a rural settlement in Brazil,
70.5% reported negative self-rated oral health,
and 86.6% reported dental treatment needs [26].

Among adult refugees residing in a settlement
in Greece, self-reported oral problems included pain
(48.3%), missing teeth (21.5%), and cavities (31.5%).
The predominant self-rated oral health categories
were “fair” (41.3%) and “poor” (34.7%) [28]. In an

Oral health outcomes among populations living in informal
urban, rural, and refugee settlements: a systematic review and
meta-analysis

informal peri-urban settlement in South Africa, 49%
of participants reported dental pain [29]. Among
adults living in a rural settlement in Brazil, 59.8%
reported no current dental pain [26].

Risk of bias assessment

The risk of bias assessment revealed
methodological variability across the included
studies. Most studies adequately described the
study populations and settings and employed
recognized diagnostic criteria for oral health
outcomes. However, recurrent limitations were
observed in sampling strategies, identification
and control of potential confounding factors,
and management or reporting of response rates.

Bhayat et al. [21], Bhatt and
Gaur [22], Ledo et al. [24], Moimaz et al. [25], and
Westaway et al. [29] were judged to be at risk of
bias due to failure to identify or address potential
confounding factors. Brijlal and Gordon [23], in
addition to not addressing confounding factors,
did not clearly report the use of objective and
standardized criteria for measuring oral conditions,
and the presentation of results raised concerns
regarding measurement validity and reliability.
Stabholz et al. [27] did not clearly define the
criteria used to include individuals in the sample,
and the grouping of periodontal scores limited
interpretability, resulting in additional risk of bias.
A detailed appraisal of each study according to
the JBI checklist is presented in Table II. Despite
these methodological limitations, all studies were
retained for qualitative and quantitative synthesis.

Meta-analyses

Three studies [22-24] were included in
the meta-analysis of caries experience (DMFT/
dmft >1). The pooled prevalence of caries
experience was 84.46% (95% CI: 75.09-91.93),
with high heterogeneity (2 = 85.15%).

Three studies [26,28,29] were included in the
meta-analysis of dental pain. The pooled prevalence
of dental pain was 44.74% (95% CI: 38.84-50.72),
with moderate heterogeneity (P = 69.26%).

Three studies [26,28,29] were also
included in the meta-analysis of negative self-
rated oral health. The pooled prevalence of
negative self-perception was 62.81% (95% CI:
41.44-81.84), with very high heterogeneity
(B = 97.62%). The forest plots are presented in
Figure 3.
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Table Il - Appraisal of risk of bias of studies included in systematic review using JBI protocol [18]

Bhayat et al., Not
2024 [21] Yes Yes Yes Yes No applicable Yes Yes
Bhatt et al., Not
2019 [22] Yes Yes Yes ves No applicable ree Jes
Brijlal and Not
Gordon, Yes Yes Yes No No applicable Unclear No
2005 [23] pp
Ledo et al., Not
2015 [24] e Yes Yes Yes No applicable Yes Yes
Moimaz et al., Not
2018 [25] e Yes Yes Yes No applicable Yes Yes
Moura et al.,
2014 [26] Yes Yes Yes Yes Yes Yes Yes Yes
Stabholz et al.,
1998 [27] A Yes Yes Yes Yes Yes No s
Zaheer et al.,
2022 [28] Yes Yes Yes Yes Yes Yes Yes Yes
Westaway et al., Not
1999 29 Yes Yes Yes Yes No pplicable  Ye° Yes

No = high risk of bias; Unclear = undetermined risk of bias; Yes = low risk of bias.

Bhattetal., 2019a | ——=——
Bhattetal., 2019b | g
Brijlal et al., 2005 | A

Ledo et al., 2015

Total (random effects) | il

Moura et al., 2014 [ u
Zaheer et al., 2022 [ E

Westaway et al., 1999 | —.— B

Total (random effects) |- >

L
03 04 05 06

Moura et al., 2014 | L
Zaheer et al., 2022 —
Westaway etal., 1999 | _gg C

Total (random effects) | ’

L L
03 04 05 06 07 08 0,9

Figure 3 - (A) Meta-analysis of the prevalence of dental caries; (B) prevalence of dental pain; (C) and prevalence of negative perception of
oral health.

Braz. Dent. Sci. 2026; 29 : 5052 11



Rieger SB et al.

Evaluation of evidence certainty

The three meta-analyses exhibited
very serious concerns regarding risk of bias,
inconsistency, indirectness, and imprecision.
The certainty of evidence was very low for each
meta-analysis (Annex A).

DISCUSSION

A global decline in dental caries has been
observed over recent decades, however, this
reduction has occurred alongside a marked
polarization of the disease, with a disproportionate
burden among socioeconomically disadvantaged
groups. Structural determinants such as
precarious housing conditions, limited access
to health services, restricted availability of
preventive technologies, and broader social
inequities play a central role in shaping oral
health outcomes [30-33]. The prevalence of
dental caries among Tibetan children living in a
settlement in India was higher than that reported
for Tibetan children in other contexts [22].
Similarly, the prevalence of caries among children
up to six years of age residing in a settlement
in South Africa exceeded 80% in a study [23].
Among adolescents living in rural settlements in
Brazil, the mean DMFT values were higher than
national averages for the same age group [24,25].
Together, these findings suggest that residence
in settlement contexts is associated with both a
higher occurrence and greater severity of dental
caries, particularly among younger populations.

Water fluoridation remains one of the
most effective population-based strategies for
the prevention of dental caries, particularly
in settings where access to individual dental
care is limited [34,35]. Although exposure to
fluoridated water was not directly assessed in
the included studies, several reported precarious
living conditions, including inadequate access to
safe drinking water and sanitation infrastructure.
This context supports the hypothesis that residents
of settlements may have limited exposure to
fluoridated public water supplies, potentially
contributing to an increased risk of dental caries.

Periodontal conditions also appear to
follow a similar social gradient, as the findings
indicate substantial periodontal treatment needs,
particularly in older age groups. The prevalence
of gingivitis and periodontitis is consistently
higher among populations with poorer

Oral health outcomes among populations living in informal
urban, rural, and refugee settlements: a systematic review and
meta-analysis

socioeconomic indicators [36,37]. Brijlal and
Gordon [23] reported a high frequency of gingival
inflammation among children living in settlements
in South Africa, affecting nearly 90% of the
study population. In contrast, studies involving
Brazilian adolescents residing in rural settlements
found lower gingival bleeding indices compared
to national averages and a higher proportion
of individuals without periodontal alterations.
However, the prevalence of dental calculus was
higher than national estimates [24,25]. Among
adults aged 35 to 54 years living in settlements
in Israel, deep periodontal pockets affected
approximately one third of evaluated sextants,
increasing to 43% among individuals aged over
55 years [27].

The high prevalence of restorative,
endodontic, extraction, and prosthetic treatment
needs observed in settlement populations reflects
both the burden of untreated oral diseases and
potential barriers to accessing oral health services.
Limited utilization of dental services was evident
in several studies: approximately 61% of Tibetan
children residing in settlements in India and 63%
of adults living in informal settlements in South
Africa had never visited a dentist [22,29].

The reasons for residence in settlements
varied across studies and included agrarian
reform processes [24-26], forced or voluntary
migration [22,28], alternative economic
production arrangements [27], and extreme
poverty [21,23,29]. Despite differing sociopolitical
origins, these populations shared common
territorial and environmental characteristics,
including precarious housing structures (tin,
wood, plastic sheeting, containers, or abandoned
buildings) [23,28], inadequate access to
potable water, sanitation, waste management,
stable employment, food security, and health
services [23], geographic isolation with barriers
to healthcare access [21,24,25], and dependence
on philanthropic or non-governmental
organizations [23,28]. These shared contextual
vulnerabilities justified their grouping in the
present review.

It is important to recognize that
territorial context alone does not determine
the health-disease process [38]. Rather, the
structural, socioeconomic, and political conditions
that shape life within these territories likely
interact to influence oral health outcomes. The
circumstances leading individuals to reside in
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settlements may be intrinsically linked to broader
social determinants of health and should be more
comprehensively investigated in future research.

In this systematic review, important limitations
should be acknowledged. The risk of bias appraisal
identified issues across several criteria, particularly
related to sampling procedures, clarity of inclusion
criteria, measurement reporting, and response rate
management. Nevertheless, all eligible studies
were retained, as the identified limitations were
specific and did not preclude inclusion in the
qualitative or quantitative synthesis. However, the
overall body of evidence remains limited by the
small number of available cross-sectional studies
and their heterogeneity, especially regarding age
distribution, dentition assessed, diagnostic indices
employed, and outcome definitions.

This review also presents strengths.
The comprehensive search strategy across
multiple international databases, adherence
to PRISMA 2020 reporting standards, and
methodological guidance from JBI enhance
transparency and reproducibility. The application
of a standardized risk of bias assessment tool and
the performance of meta-analyses for comparable
outcomes further strengthen the analytical rigor
of the study.

From a public health perspective, these
findings reinforce the marked vulnerability of
populations living in settlements and emphasize
the need for targeted oral health policies that
expand access to preventive measures, fluoridation
strategies, early diagnosis, and comprehensive
dental care. Future research should prioritize
longitudinal designs, probabilistic sampling
methods, standardized diagnostic criteria,
and improved reporting of response rates to
strengthen the evidence base and support more
precise public health interventions for these
highly vulnerable populations.

CONCLUSION

Populations living in settlement contexts
demonstrated a high prevalence of dental
caries experience, dental pain, and negative
self-rated oral health, reflecting a substantial
burden of untreated oral conditions. Although
causal inferences cannot be established,
precarious sanitary conditions and limited
access to oral health services appear to be

Braz. Dent. Sci. 2026, 29 : 5052
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important contextual factors associated with
these outcomes.

These findings highlight persistent inequalities
in oral health and reinforce the need for public
policies aimed at expanding access to preventive
and comprehensive dental care for socially
vulnerable populations. Further well-designed
studies are necessary to strengthen the evidence
and better clarify the relationship between
settlement living conditions and oral health status.
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