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ARTICLE INFO ABSTRACT
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This meta-analysis investigated the prevalence of dental caries throughout the Kingdom of Saudi Arabia (KSA)
between 2011 and 2023 as a follow-up to a previously published review in 2013 by Khan et al. and aimed to
provide an update on the current status of caries prevalence in the KSA. A literature search was conducted, and
thirty-three articles were included in the final analysis. To determine the prevalence of caries in primary teeth,
the 2- to 12-year-old Saudi population was included in the search, and an age range of 6-18 years was used for
permanent teeth. The prevalence of caries in the primary and permanent dentition was analyzed separately. As
the included studies for the primary and permanent teeth had insignificant heterogeneity, fixed-effect models
and forest plots were used to evaluate caries prevalence in both dentitions. In the primary dentition, the mean
decayed-missing-filled teeth (dmft) index was 4.14 (95 % confidence interval (CI): 3.11-5.18), with an average
prevalence of 75.43 %. For the permanent teeth, the mean DMFT (uppercase used for permanent dentition) was
1.28 (95 % CI: 0.93-1.64), with an average prevalence of 67.7 %. The average dmft/DMFT scores decreased in
both primary and permanent teeth compared to the previous meta-analysis by Khan et al., suggesting a beneficial
effect of preventative measures on caries prevalence. Continuing these measures is necessary to maintain the
downward trend of caries prevalence in the KSA.

Prevalence
Decayed-missing-filled teeth index
Saudi population

1. Introduction shown that, on average, the prevalence of dental caries is 86 % in pri-
mary teeth and 65 % in permanent teeth (Al-Rafee et al., 2019). Simi-
larly, a study by Al Agili in 2013 reported that, among Saudi children

aged 6-7 years, the prevalence of dental caries ranged from 66.9 % to

According to the World Health Organization (WHO), dental caries is
among the most common oral diseases. Globally, an estimated 2.5

billion people suffer from dental caries in either the permanent or pri-
mary dentition, underscoring the importance of understanding its
prevalence in specific regions, including Saudi Arabia. The prevalence of
dental caries in the Middle East concerns both children and adults (Kale
et al., 2020; Elamin et al., 2021). Recently, dental caries have become a
problem due to lifestyle changes in the population. Furthermore, inad-
equately fluoridated water, high sugar diets, and poor oral hygiene
contribute to the development of early childhood caries, which increases
an individual’s susceptibility to developing tooth decay in their per-
manent dentition (Powell, 1998). Recent studies in Saudi Arabia have

94.6 %, with a mean decayed-missing-filled teeth (DMFT) score of 3.5
for children with permanent dentition, and a mean dmft score of 5.0 for
the primary dentition. The nationwide prevalence is projected to be 70
% and 80 % for the permanent and primary dentitions, respectively.
Alshammari et al. (2021) found that the range of dental caries pro-
portions for primary and permanent teeth was 0.21 to 1.00 and from
0.05 to 0.99, respectively. In a study published by Al-Ansari et al.
(2014), the highest DMFT value (7.35) was recorded in children and
adolescents aged 12-19. These studies highlight the high prevalence of
dental caries in Saudi Arabia across various age groups and the need to
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implement preventive measures, oral health education, and improved
access to dental care (Ageeli et al., 2021).

The DMFT index for permanent teeth and the dmft index for primary
teeth are used as a base measure for caries in individuals (Bodecker
etal., 1931). In 2003, a WHO report stated that dental caries are strongly
present in developing countries despite efforts stressing the importance
of maintaining oral health (Petersen, 2003). The KSA must improve the
health of the population for better production efficiency. According to
the General Authority of Statistics, children and adolescents represent
nearly 37.28 % of the Saudi population, highlighting the need to
improve their quality of life.

This study aimed to include all published articles on the prevalence
of caries throughout the KSA from 2011 to 2023 as a follow-up to a
previously published review by Khan et al. (2013). We calculated the
overall prevalence of dental caries using a meta-analysis to calculate
mean dmft/DMFT scores, compared the current caries prevalence to
previous meta-analyses, and determined the current course of dental
caries in the population.
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2. Materials and methods
2.1. Search strategy

A systematic review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-analysis (PRISMA)
guidelines. A literature search was carried out in January 2023 on the
prevalence of dental caries in the primary and permanent dentition
among the 2- to 18-year-old Saudi population. The search included all
published studies from 2011 until January 2023. The age range for
primary teeth was 2 to 12 years, and for the permanent teeth, the range
was 6 to 18 years.

The databases were “Web of Science”, “PubMed”, and “Scopus”. The
keywords used were “dental caries”, “dmft” and “DMFT”. The initial
search uncovered 139 articles, which were further filtered by two in-
dependent reviewers. In the first filter, the titles and abstracts of the
studies were reviewed, and only original studies reporting caries prev-
alence in primary and permanent teeth were selected for further
screening (Fig. 1).

Identification (Jan 2011-Jan 2023) on web of Science, PubMed, Scopus

|

litle identified through
database searching [n=139|

¢ Duplicale titles

o Not-related studies aller abstract screening
o No [ull text

] ¢ Other than original studies

Step 1 exelusion: [n=77]

Full text articles downloaded
|n=62]

¢ Studies included the medically compromised
paticnts or paticnts with special nceds (n=9)

¢ Non availability of average dmft/DMFT score

* Non availability of standard deviation of average
dmft/DMFT scores (n=18)

¢ Age interval other than 2 o 12 years for primary and
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v

Included studies: [n=33]
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¢ Studies reported both dmlt and DMET score |[n=7]

Fig. 1. Study Design.
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2.2. Eligibility criteria

A total of 62 studies were identified and passed through the first
filter. The full-text articles of these studies were then downloaded, and
the following inclusion criteria were applied: the availability of the
mean and standard deviation (SD) of dmft/DMFT and the sample size of
the study, a participant age interval of 2-18 years, and otherwise
healthy patients. Studies that did not report the average dmft/DMFT
scores, did not include the SD or sample size, or included patients with
comorbidities were excluded. However, articles that included cases and
control groups where the control group was healthy were included for
analysis.

2.3. Data extraction

Thirty-three articles were included in the final analysis. Data for
primary and permanent dentitions was extracted and tabulated in Ta-
bles 1 and 2, respectively. Seven articles included both primary and
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permanent teeth (Madhan et al., 2021; Aqeeli et al., 2021; Gudipaneni
etal., 2021; Al-Badr et al., 2021; Al-Samadani et al., 2017; Farooqi et al.,
2015; Bhayat et al., 2013), while ten studies only reported caries in
primary teeth (Alamri et al., 2017; Vanka et al., 2022; AlMarshad et al.,
2021a; AlMarshad et al., 2021b; Gudipaneni et al., 2020; Al-Malik et al.,
2019; Alhabdan et al., 2018; Abdallah et al., 2016; Al-Meedani et al.,
2016; Alkarimi et al., 2014). Sixteen articles reported caries in perma-
nent teeth (Alsaif et al., 2022; Al-Zahrani et al., 2022; Alghamdi et al.,
2022; Gudipaneni et al., 2022; Alotaibi et al., 2021; Al-Ansari et al.,
2020; Abdellatif et al., 2020; Abolfotouh et al., 2020; Basheer et al.,
2020; Alshahrani et al., 2018; Aljanakh, 2017; Alkhadra, 2017; Mustafa
et al., 2016; Al-Shahrani N et al., 2015; Bhayat et al., 2014; Togoo et al.,
2011).

2.4. Statistical analysis

The statistical program Jeffrey’s Amazing Statistics Program (JASP
0.17) was used for the analysis. The meta-analysis was performed using

Table 1
Studies and data related to caries in the primary teeth.
Author name, Year Age Sample Size Prevalence Percentage Mean dmft SD
Vanka S et al, 2022 3-5 244 57 % 2.51 2.9
Madhan G et al, 2021 7-9 250 80.13 % 4.6 3.67
AlMarshad LK et al, 2021a 3-6 360 36.4 % 4.2 4.1
AlMarshad LK et al, 2021b 3-6 383 72.6 % 4.13 3.9
Ageeli A et al, 2021 9-12 1000 70.4 % 2.66 2.6
Gudipaneni R et al, 2021 3-5 83 76.7 % 5.42 3
Al-Badr AH et al, 2021 6-12 209 3.29 0.75
Gudipaneni R et al, 2020 6-7 248 99.3 % 5.74 3.08
Al-Malik M et al, 2019 6-7 312 88.8 % 5.63 3.8
Alhabdan Y et al, 2018 6-8 578 83 % 4.2 2.96
Alamri AA et al, 2017 6-9 1,844 80.15 % 4.3 3.8
Al-Samadani KH et al, 2017 9-12 276 3.82 3
Abdallah MA et al, 2016 3-6 160 10.33 1.81
Al-Meedani LA, 2016 3-5 269 69 % 3.4 3.6
Farooqi F et al, 2015 6-9 397 78 % 3.66 3.17
Alkarimi HA et al, 2014 6-8 417 89.5 % 5.7 4.2
Bhayat A et al, 2013 6 170 75 % 4.86 4.17
12 146 1.41 2.56
Table 2
Studies and data related to caries in the permanent teeth.
Author name, Year Age Sample Size Prevalence Percentage Mean DMFT SD
Alsaif AA et al, 2022 11-14 99 2.37 2.3
Alghamdi SA et al, 2022 5-14 95 60-85 % 2.9 2.45
Al-Zahrani A et al, 2022 12-15 2262 75 % 4 3.3
Gudipaneni R et al, 2022 7-9 390 64.4 % 2.75 1.26
Madhan G et al, 2021 10-12 208 52.62 % 1.48 1.93
Alotaibi A et al, 2021 8-12 562 1.87 1.92
Ageeli A et al, 2021 9-12 1000 56.6 % 1.43 1.7
Gudipaneni R et al, 2021 6-7 112 36.7 % 0.47 0.78
Al-Badr AH et al, 2021 6-12 209 1.85 0.65
Al-Ansari A et al, 2020 12-15 258 79.8 % 3.55 3.15
Abdellatif H et al, 2020 12-15 2247 83.7 % 5.31 3.8
Abolfotouh MA, 2020 6-12 180 1.8 2.3
Basheer B et al, 2020 6-9 355 82.5 % 1.19 1.43
Alshahrani I et al, 2018 15-17 3411 72.9 % 4.3 5.6
Aljanakh M, 2017 16-18 379 78.9 % 3.49 2.8
Alkhadra T, 2017 12-17 105 8.92 4.02
Al-Samadani KH et al, 2017 9-12 276 1.59 1.7
Mustafa M et al, 2016 15-17 111 3.07 0.87
Al-Shahrani N et al, 2015 9-11 128 66.4 % 5.61 3.01
Farooqi F et al, 2015 10-12 314 68 % 1.94 2
Bhayat A, 2014 12 360 57.2% 1.53 1.88
Bhayat A et al, 2013 6 171 75 % 0.07 0.34
12 145 1.31 1.2
Togoo R et al, 2011 7 156 66.4 % 1.88 0.98
8 254 2.48 1.29
9 215 2.88 1.05
10 211 3.04 1.12
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Fig. 2. Effect estimates for caries prevalence in primary dentition.

either a random- or fixed-effect model. The random-effect model was
used if heterogeneity was present in the data. In the absence of het-
erogeneity, a fixed-effect model was used.

3. Results
3.1. Primary teeth

Seventeen studies reported caries in the primary teeth and were
included in the meta-analysis. The sum of the sample sizes was 7,775. Of
these studies, 14 reported the prevalence of caries in the primary teeth,
which was 75.43 % (range 36.4 % to 99.3 %).

A heterogeneity test was run before constructing a forest plot. The
test (P = 0.551) and the index of heterogeneity (20.94 %) were not
significant, suggesting an absence of heterogeneity in the data. There-
fore, the fixed-effect model was used when constructing a forest plot
(Fig. 2). The estimated caries prevalence (dmft) in the primary dentition
of 2 to 12-year-olds was 4.14 (95 % confidence interval (CI): 3.11-5.18).
A funnel plot was also constructed to study publication bias. Visual in-
spection of the funnel plot revealed a symmetrical arrangement of data
points, suggesting an absence of publication bias (Fig. 3). Egger’s test
was then applied to test the symmetry of the funnel plot, which was not.
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3.2. Permanent teeth

Twenty-three studies reported caries in the permanent dentition and
were included in the meta-analysis. The total sample size of these studies
was 14,213. Sixteen studies reported the percentage of the sampled
population with carious teeth, with an average caries prevalence of 67.7
% (range 36.7 % to 83.7 %).

A heterogeneity test was run before constructing a forest plot. The
test of heterogeneity (P = 0.134) and index of heterogeneity (32.2 %)
were not significant. Therefore, a fixed-effect model was used when
constructing the forest plot (Fig. 4). The estimated caries prevalence
(DMFT) among 6 to 18-year-olds was 1.28 (95 % CI: 0.93-1.64). A
funnel plot was constructed to estimate the publication bias. Visual in-
spection of the plot showed an asymmetrical arrangement of data points
suggestive of publication bias (Fig. 5). To further test the symmetry of
the funnel plot, Egger’s test was used. The results were significant (p <
0.001), supporting the presence of publication bias.

4. Discussion

Assessing the prevalence of dental caries over time is critical, as this
can clarify the causes of dental caries and methods for its prevention.
Various measures have been undertaken to reduce the occurrence of
dental caries in the KSA. In early 2007, the Saudi Arabian Standard
Organization implemented the recommendations of the Ministry of
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Khan et al. (2013), the results of this meta-analysis revealed a decrease in

0 mean dmft/DMFT scores.
The articles included in this meta-analysis exhibited no heterogene-
ity, with indices of 20.94 % and 32.2 % for both the primary and per-
. manent dentitions, respectively. Hence, there was no significant
1 variation in the outcome of the studies in terms of dmft/DMFT scores.
These findings are in contrast to previous reviews (Alshammari et al.,
—
o
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Fig. 3. Visual inspection of publication bias in the primary dentition studies. 5
Health concerning fluoride ion concentrations in water networks that .
aimed to decrease the caries prevalence from 90 % to 50 %-60 % (Adam
et al., 2022; Khan, 2014). Therefore, this meta-analysis was designed to 6 - [ ‘ ‘ | | |
assess the effectiveness of measures taken to reduce the incidence of -10 5 0 5 10 15
caries between 2011 and 2023 in the KSA and to function as a contin- .
Effect Size

uation/extension of previous studies (Al Agili, 2013; Khan et al., 2013;
Khan, 2014). Compared to the previously published meta-analysis by

Fig. 5. Visual inspection of publication bias in the permanent dentition studies.
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Fig. 4. Effect estimates for caries prevalence in permanent dentition.
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2021; Khan, 2014) that reported high study heterogeneity, which was
attributed to varying methodologies with different sample sizes and
participants.

Alhabdan et al. (2018) found that the prevalence of caries was high
among children. This was also reported by Al-Ansari et al. (2014). This
high prevalence was in contrast to efforts to decrease caries prevalence
between 1985 and 2010. More recently, Al-Rafee et al. (2019) found a
caries prevalence of 86 % in primary teeth, which is higher than the
results in the present study. In a 2009 study conducted in Jeddah, an
83.5 % caries prevalence was reported by Qutob (2009), while a sys-
tematic review conducted by Adam et al. (2022) estimated the preva-
lence of dental caries among 5-7 year-old and 12-15 year-old children
to be 84 % and 74 %, respectively. In contrast, a study by Al-Shahrani
et al. (2015) reported a low caries prevalence of 66 % in the 9-11 age
group.

According to the findings of the present review, the average preva-
lence of primary teeth caries was 75.43 % based on 14 studies. This is in
agreement with Farooqi et al. (2015), who found the caries prevalence
to be approximately 78 % in children between the ages of 6 and 12 years.
While the studies mentioned previously reported different levels of
caries prevalence in primary teeth (ranging from 66 % to 86 %), the
overall prevalence was high, suggesting a need to focus on factors
associated with the causes of tooth decay.

For permanent teeth, the average prevalence of dental caries was
67.7 %. This is similar to previous studies by Al-Rafee et al. (2019) and
Alayyan (2017), who found the prevalence of dental caries in permanent
teeth to be 65 % and 64 %, respectively. Similarly, in 2019, a study
conducted in Riyadh by Al-Rafee et al. showed that caries prevalence in
permanent teeth was 65 %. These results are in contrast to a previous
review that reported a high prevalence of dental caries at 72 % (Adam
et al., 2022). Although, this difference is likely related to the partici-
pants’ age in the Adam et al. study, which investigated the permanent
teeth of 12-15 children. In 2021, Alshammari et al. reported that the
prevalence of caries in permanent teeth for the entire Saudi Arabian
population was 72 %. Al-Ansari et al. (2014) also reported an increase in
caries prevalence, which was consistent with previous findings. These
variations in prevalence may be attributed to methodological differ-
ences and time periods. In the present study, the period from 2013 to
2023 may be associated with a positive effect of different awareness in
adults. However, the current percentage (67.81 %) is still below the
value needed to meet the global goal for dental caries prevalence.

In the present review, the estimated dmft in primary teeth was 4.14
(95 % CI: 3.11-5.18) and in the permanent teeth it was 1.28 (95 % CI:
0.93-1.64). Alaki et al. (2013) reported a dmft of 8.96 with asthma and
8.03 without asthma. For DMFT, the values were 2.16 with asthma and
1.96 without asthma. In Khan et al. (2013), their review was conducted
from 1999 to 2008 and reported a dmft of 5.38 (95 % CI: 4.314-6.436)
and a DMFT of 3.34 (95 % CI: 1.97-4.75). In Saudi Arabia, multiple
studies have been conducted that measure the prevalence of dental
caries, and the primary dentition frequently has a higher prevalence of
dental caries than the permanent dentition. Al Agili et al. (2013)
measured the prevalence of dental caries in Saudi Arabia between 1988
and 2010 and found that 70 % of children in primary schools had caries
in their permanent dentition, while 80 % had them in their primary
dentition. Similarly, Al-Ansari et al. (2014) found that the mean dmft in
primary dentition was 7.34, while the mean DMFT in the permanent
dentition of adults was 7.35.

According to national data from 2010, the frequency of caries among
children was 74 % in primary teeth and 59 80 % in permanent teeth
(AlDosari et al., 2010). The percentage of caries found in the different
reviews indicates that, while there appears to be a decline in the general
prevalence compared to earlier national surveys, the changes are not as
pronounced as in other developed nations (Togoo et al., 2012). This is
most likely due to the nature of dental caries. Several factors contribute
to the rise in dental carries, including a lack of awareness, poor oral
hygiene, a lack of preventative dental care, and under-utilization of
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dental services (Al-Rafee et al., 2019; Togoo et al., 2012). However, the
high heterogeneity between studies requires caution and limits the
generalizability of the findings (Adam et al., 2021).

One strength of the current review is the low heterogeneity between
the studies included for analysis. However, there were some limitations.
The included studies had limitations affecting the overall findings
regardless of other correlated factors such as sugar consumption, par-
ents’ awareness, systemic conditions, urban participants, different ages,
and different caries experiences between school children. In addition,
certain demographics were targeted in the studies, such as individuals
with specific medical issues such as a cleft lip and palate, blindness,
deafness, mental disorders, children with cerebral palsy, orphans, and
participants with asthma. Moreover, techniques used for the detection of
caries prevalence (tactile or visual) were not included in the present
study. Inclusion of the type of technique could have effect on the re-
ported caries prevalence. Therefore, future analyses should focus on
participants’ ages and factors, including location and medical condition,
and how they are correlated with prevention measurements such as
school programs, continuous education, and water networks to decrease
the prevalence of dental caries.

5. Conclusion

The average dmft/DMFT scores decreased in primary and permanent
dentitions compared to a previously published meta-analysis in 2013.
This suggests that preventative measures have positively affected caries
prevalence within the last ten years in the KSA. However, preventive
measures should be either enhanced or maintained to reduce caries
prevalence to a minimal level.
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