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A B S T R A C T

Objective: To evaluate the prevalence and association of developmental defects of enamel (DDE) and
caries experience on the first permanent molar (FPM) among children aged 7-10 years old in Selangor,
Malaysia. Methods: A total of 212 students of Islamic Primary School, Sungai Buloh aged between 7 and
10 years old were randomly selected. A full intraoral examination was conducted and recorded using
International Caries Detection and Assessment System (ICDAS) classification and modified DDE index
primarily on the first permanent molar. Clinical photographs of FPM was taken using digital single-lens
reflex (DSLR) to aid in the diagnosis of DDE. Statistical analysis was done using SPSS 24. Results: A total of
848 FPM were examined in this study; 252 FPM of children aged 7 years old, 232 FPM of children aged 8
years old, 180 FPM of children aged 9 years old, and 184 FPM of children aged 10 years old. Among them,
82.7% (n=701)were caries-free (ICDAS code 00); 11.4% (n=97)with caries severity ranging from early caries
(ICDAS code 01) to severe caries (ICDAS 06); 0.9% (n=8) were filled (ICDAS code 30, 40, 60); 0.1% (n=1)
with secondary caries and 4.8% (n=41) were unerupted (ICDAS code 99). The prevalence of DDE with
demarcated opacity was 19.35% (n=164); diffuse opacity 2.4% (n=20); hypoplasia 0.5% (n=4), and other
defects were 0.1% (n=1). The association between dental caries and DDE was statistically significant at p <
0.001 and the odd ratio (OR) was 3.48. Conclusions:The presence of DDE increased the risk of caries three
times higher thanwithoutDDE.Understanding the contributing factors of the development and progression
of dental caries may help clinicians to prioritise an appropriate preventive measure to those who are in need.

Keywords: Developmental defect of enamel (DDE); caries; first permanent molar; International caries
detection and assessment system (ICDAS); modified developmental defects of enamel index

1 INTRODUCTION

The first permanent molar (FPM) plays a salient role in
maintaining the function of mastication and established
a balanced occlusion. Early loss of first permanent molar
may lead to supra-eruption of opposite teeth, midline
shift, premature contact of teeth, and it may also result in
asymmetric growth of mandible (1). Despite the important
role in oral function, the first permanent molar has a
higher prevalence of dental caries (2), even shortly after their
eruption (3,4). This is due to characteristics (pits and fissure)
that are favourable for the bacterial plaque build-up (5), and
it is the first permanent teeth erupted on average at 6-year

old which has been exposed to oral environment longer
than other teeth (6). The progression of the decay on FPM
is expeditious during the first two years after eruption (7).
Therefore, in the absence of preventive measures and early
detection of caries risk, these teeth may experience all the
consequences derived from the development of caries (8).

Dental caries is a non-communicable and preventable
disease that results from an imbalance of the oral envi-
ronment between multiple causative and protective fac-
tors. The presence of four causative factors, namely diet,
host factor, time, and microorganism are crucial in the
development and progression of dental caries. Hence, any
defect or hypomineralization of tooth structure is one of
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the predictors of developing dental caries (9). Developmental
Defects of Enamel (DDE) is an alteration in the quality
and quantity of the enamel by disruption and/or damage to
the enamel organ during amelogenesis process (10). It plays
a crucial clinical significance not only for its vulnerability
towards dental caries but also for aesthetic appearance
and dental sensitivity (11). Teeth with enamel defects can
allow additional plaque accumulation due to the presence
of surface porosities, causing caries to progress faster (12).
High caries rates of first permanent molar associated
with a developmental defect in enamel make the tooth
uniquely susceptible to deep occlusal decay that may lead to
advance caries development (7). Therefore, this study aimed
to evaluate the prevalence and association of developmental
defects of enamel (DDE) and dental caries status among
children aged 7-10 years old in the district of Sungai Buloh,
Selangor, Malaysia.

2 MATERIALS & METHODS

A total of 212 children aged 7-10 years old from Islamic
Primary School Sungai Buloh were evaluated in this study.
This study was approved by the Ethics committee of the
University of Technology MARA (Sungai Buloh, Malaysia).
Written informed consent was granted by the parents
or legal guardians of the participants before the clinical
examinations. Clinical examinations were carried out at the
schools using a portable dental chair. All examinations were
conducted by three examiners who had been trained and
calibrated to use ICDAS and DDE index, as recommended
by the World Health Organization for the evaluation of
enamel defects. Clinical examinations were done using a
disposable mouth mirror, dental probe aided by a portable
light to detect any discontinuity on the enamel surface
of the first permanent molar (PFM). Before the dental
examination, the surfaces of the teeth were wiped with gauze
to remove any debris that was present. Full dental charting
was recorded using the International Caries Detection and
Assessment System (ICDAS) but only FPM was evaluated
for any presence of DDE using a modified DDE index. A
clinical photograph of all first permanent molar was taken
using DSLR (Canon 550D) with aperture f/22, shutter 200
per second, and ISO 400-1000. The lens focal length was
fixed between 90mmand 160mm to provide a goodworking
distance from the patient of around 0.5 metres. Disposable
mouth mirror was used to provide a reflected image when
areas of difficult access are photographed.

A series of four clinical photographs; upper right, upper
left, lower right, and lower left of first permanent molar were
taken. All clinical photographswere collected and confirmed
the DDE diagnosis by a principal investigator. Modified
Developmental Defects of Enamel (DDE) Index was used
to classify the types of enamel defects. Score 0 is normal
appearance, score 1 is demarcated opacities; the white/cream
and the yellow/ brown subtypes, score 2 is diffuse opacities;

diffuse lines and patches, confluent patches, and confluent
patches with staining and/or the loss of enamel and score 3 is
hypoplasia; hypoplasia pits and hypoplasia missing enamel.

The prevalence and association of DDE and dental caries
were presented and analysed with Microsoft SPSS Software
24.0 Version.

3 RESULTS

Out of 212 participants, more than half were female (55.7%,
n=118) and 44.3% (n=94) were male. Table 1 shows the
demographic profile of the study population. The age
distribution of study population aged 7, 8, 9 and 10 were 63
(29.7%), 58 (27.4%), 45 (21.7%) and 46 (21.7%) respectively.

Table 1:Demographic Profile of Study Population
Variable N (%)
Gender

Male 94 (44.3)
Female 118 (55.7)

Age
7 63 (29.7)
8 58 (27.4)
9 45 (21.2)
10 46 (21.7)

Total 212 (100)

A total of 848 first permanentmolars were assessed in this
study; 252 first permanentmolar of children aged 7 years old,
232 first permanent molar of children aged 8 years old, 180
first permanent molar of children aged 9 years old and 184
first permanent molar of children aged 10 years old. Table 2
shows the dental status of the first permanent molar in all
age groups. Among them, 82.7% (n=701) were ICDAS 00;
11.4% (n=97) were with carious lesion ICDAS code 01-06;
0.9% (n=8) were filled (ICDAS code 30, 40, 60); 0.1% with
secondary caries and 4.8% (n=41) were unerupted that is
ICDAS code 99.

Table 2: Caries status of first permanent molar in allage group
Age Sound

n(%)
Caries
n(%)

Filled
teeth
n(%)

Secondary
caries n(%)

Total
n(%)

7 190
(88.8)

24
(11.2)

0 (0.0) 0 (0.0) 214
(100)

8 210
(91.3)

17
(7.4)

3 (1.3) 0 (0.0) 230
(100)

9 147
(81.7)

29
(16.1)

4 (2.2) 0 (0.0) 180
(100)

10 154
(84.2)

27
(14.8)

1 (0.5) 1 (0.5) 183
(100)

Total 701
(82.7)

97
(11.4)

8 (0.9) 1 (0.1) 807
(100)

Unerupted first permanent molar = 41 teeth
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The permanent first molar tooth with DDE was observed
more commonly in the 10-year-old age group (31.5%),
followed by 7 years old (26.2%), 9 years old (22.2%), and 8
years old (10.8%). Table 3 summarises the prevalence ofDDE
with respect to the age group. Table 4 shows the prevalence of
different types of DDE in the study population. 618 (72.9%)
were having a normal appearance and 41 (4.8%) of FPM
examined were unerupted. The most prevalent of DDE type
was demarcated opacity (score 1) followed by diffuse opacity
(score 2), hypoplasia (score 3), and other defects (score 4)
with the prevalence of 164 (19.3%), 20(2.4%), 4 (0.5), and 1
(0.1) respectively.

Table 3: Prevalence of DDE of FPM in children aged 7-10years old
in Islamic Primary School Sungai Buloh

Age
7
n(%)

8
n(%)

9 n(%) 10
n(%)

Total n(%)

DDE
Yes 66

(30.8)
25
(10.9)

40
(22.2)

58
(31.7)

189 (23.4)

No 148
(69.2)

205
(89.1)

140
(77.8)

125
(68.3)

618 (76.6)

Total
n
(%)

214
(100)

230
(100)

180
(100)

183
(100)

807 (100)

Table 4: Prevalence of DDE of FPM by type of defects in all age
group
Modified DDE Index Prevalence n(%)
Score 1 (Normal) 618 (72.9)
Score 2 (Demarcated Opacity) 164 (19.3)
Score 3 (Hypoplasia) 20 (2.4)
Score 4 (Other defect) 1 (0.1)
Unerupted 41 (4.8)
Total 848 (100)

The relationship between the caries experience and the
developmental defect of enamel among all first permanent
molar was also examined. Among 188 teeth diagnosed with
DDE, 49 (26.1%) were having caries and 139 (73.9) were
caries-free ( Table 5). On the other hand, among 619 teeth
have no DDE, 57 (9.2%) were with caries while 562 (90.8%)
were caries-free. The association was statistically significant
at p < 0.001 and the odd ratio is 3.48.

4 DISCUSSION

The finding from this study shows that the caries-free status
of the first permanentmolar among the study populationwas
between 81-91%. This suggested that the caries development
and progression start as early as 7 years old where the tooth
erupted after about a year. This finding was supported by
Chen et al. (2012) which concluded that the progression
of the decay on FPM is expeditious during the first two

Table 5:The relationship of the caries experience and
developmental defect of enamel in FPM

Caries experience Total p-value

DDE
Yes
n(%)

No
n(%) < 0.001*

Yes 49
(26.1)

139
(73.9)

188
(100)

No 57
(9.2)

562
(90.8)

619
(100)

106 701 807
*significant p value at p =0.5
Odds Ratio (exposed/unexposed) = 3.48

years after the eruption.Thus, preventivemeasures should be
implemented as early as possible to reduce the prevalence of
dental caries and should be placed as a priority among other
interventions taken.

Another finding from this study shows that demarcated
opacities (score 1) is the highest prevalence among the
study participants. Previous literature also found that
demarcated opacities were the most prevalent DDE types
both in permanent teeth (13), where demarcated opacities
were significantly associated with dental caries in permanent
incisors and molars primarily (14,15). Our study highlighted
that there is a statistically significant association between
DDE and caries experience. Hence, DDE can be considered
as one of the contributing factors for the development and
progression of dental caries. DDE can be shortly seen after
their eruption period before dental caries develops (16).Thus,
it is vital to identify DDE as early as possible and to tailor
preventive measures to those identified individuals, hence
may reduce the risk of having dental caries in the future.

In addition, our research has shown some advantages
of using ICDAS in epidemiological studies. Research has
shown that DMFT was being used frequently in epidemi-
ological studies as it is accepted worldwide, less time-
consuming, and the possibility to compare previous and
future data (17). However, dmf/DMF scoring is based on
cavitated tooth, while ICDAS scores all the caries stages
as early as white spot lesion up to the most severely
cavitated tooth. Our study has been supported by a previous
study (18), which stated that ICDAS scoring can be used
in epidemiological studies as a diagnostic tool. Besides,
this study also reported no significant difference between
dmf/DMF with ICDAS in diagnosing caries. Therefore,
ICDAS can be used to maximize the data collection as it
records the severity of caries.

As a limitation of this study, the participants involved are
in a range of Islamic Primary School Sungai Buloh students.
Lack of parental consent and the absence of participants
during the day of examination were limitations encountered
while conducting the study.The total number of participants
per age group cannot be standardised as multiple factors
were affecting the participation, such as parental consent and
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the total number of students per level in this school.

5 CONCLUSION

Within the limitations of this study, it can be concluded that
the prevalence of caries-free status among 7 to 10 years old is
88.8%, 91.3%, 81.7%, and 84.2% respectively.The prevalence
of DDE with demarcated opacity was 19.35% (n=164);
diffuse opacity 2.4% (n=20); hypoplasia 0.5% (n=4), and
other defects were 0.1% (n=1). The association between
dental caries and DDE was statistically significant, hence,
DDE can be considered as an important predictor for dental
caries development.

REFERENCES
1) Ebrahimi M, Ajami ARBAM, Shirazi S, Aghaee MA, Rashidi S. Dental

treatment needs of permanent first molars inMashhad schoolchildren.
Journal of dental research. 2010;4(2):52–52.

2) Pine CM, Pitts NB, Nugent ZJ. British Association for the Study of
Community Dentistry (BASCD) guidance on the statistical aspects
of training and calibration of examiners for surveys of child dental
health. ABASCDcoordinated dental epidemiology programmequality
standard. Community Dental Health. 1997;14:18–29.

3) Hicks MJ, Flaitz CM. Epidemiology of dental caries in the pediatric
and adolescent population: a review of past and current trends. The
Journal of clinical pediatric dentistry. 1993;18(1):43–52.

4) Chirca EM, Rodica LU, Georgescu DE. The Prevalence of Caries In
First Permanent Molar In A Group Of School Children Aged 6 To 7
Years In Pites, ti. In: and others, editor. Proc. Rom. Acad., Series B.
2015;p. 41–44.

5) Carvalho JC, Ekstrand KR, Thylstrup A. Dental Plaque and Caries on
Occlusal Surfaces of First Permanent Molars in Relation to Stage of
Eruption. Journal of Dental Research. 1989;68(5):773–779. Available
from: https://dx.doi.org/10.1177/00220345890680050401.

6) Al-Samadani KH, Ahmad MS. Prevalence of First Permanent Molar
Caries in and Its Relationship to the Dental Knowledge of 9-12-Year
Olds from Jeddah, Kingdom of Saudi Arabia. ISRN dentistry. 2012.

7) Chen JW, Leggitt VL. Pulp treatment for young first permanentmolars:
To treat or to extract? Endodontic Topics. 2010;23:34–40. Available
from: https://dx.doi.org/10.1111/etp.12002.

8) Feldens CA, Giugliani ERJ, Vigo A, Vítolo MR. Early Feeding
Practices and Severe Early Childhood Caries in Four-Year-Old
Children from Southern Brazil: A Birth Cohort Study. Caries
Research. 2010;44(5):445–452. Available from: https://dx.doi.org/10.
1159/000319898.

9) Elfrink MEC, ten Cate JM, Jaddoe VWV, Hofman A, Moll HA,
Veerkamp JSJ. Deciduous Molar Hypomineralization and Molar In-
cisor Hypomineralization. Journal of Dental Research. 2012;91(6):551–
555. Available from: https://dx.doi.org/10.1177/0022034512440450.

10) Guerra F, Mazur M, Corridore D, Pasqualotto D, Nardi GM,
Ottolenghi L. Evaluation of the Esthetic Properties of Developmental
Defects of Enamel: A Spectrophotometric Clinical Study. The Scientific
World Journal. 2015;2015:1–9. Available from: https://dx.doi.org/10.
1155/2015/878235.

11) SeowWK. Enamel hypoplasia in the primary dentition: a review.ASDC
Journal of dentistry for children. 1991;58(6):441–452.

12) Vargas-Ferreira F, Zeng J, Thomson WM, Peres MA, Demarco FF.
Association between developmental defects of enamel and dental
caries in schoolchildren. Journal of Dentistry. 2014;42(5):540–546.
Available from: https://dx.doi.org/10.1016/j.jdent.2014.02.010.

13) Gil-Montoya JA, Mateos-Palacios R, Bravo M, González-Moles MA,
Pulgar R. Atraumatic restorative treatment and Carisolv use for root
caries in the elderly: 2-year follow-up randomized clinical trial. Clinical
Oral Investigations. 2014;18:1089–1095. Available from: https://dx.doi.
org/10.1007/s00784-013-1087-z.

14) Ellwood RP, O’Mullane DM. Association between Dental Enamel
Opacities and Dental Caries in a North Wales Population. Caries
Research. 1994;28(5):383–387. Available from: https://dx.doi.org/10.
1159/000262006.

15) Mackay TD, Thomson W. Enamel defects and dental caries among
Southland children. NZ Dent J. 2005;101(2):35–43.

16) Garg N, Jain AK, Saha S, Singh J. Essentiality of early diagnosis of
molar incisor hypomineralization in children and review of its clinical
presentation, etiology and management. International journal of
clinical pediatric dentistry. 2012;5(3):190.

17) Gupta M, Srivastava N, Sharma M, Gugnani N, Pandit IK. Interna-
tional Caries Detection and Assessment System (ICDAS): A NewCon-
cept. International Journal of Clinical Pediatric Dentistry. 2011;4:93–
100. Available from: https://dx.doi.org/10.5005/jp-journals-10005-
1089.

18) Melgar RA, Pereira JT, Luz PB, Hugo FN, de Araujo FB. Differential
Impacts of Caries Classification inChildren andAdults: AComparison
of ICDAS and DMF-T. Brazilian Dental Journal. 2016;27:761–766.
Available from: https://dx.doi.org/10.1590/0103-6440201600990.

26

https://dx.doi.org/10.1177/00220345890680050401
https://dx.doi.org/10.1111/etp.12002
https://dx.doi.org/10.1159/000319898
https://dx.doi.org/10.1159/000319898
https://dx.doi.org/10.1177/0022034512440450
https://dx.doi.org/10.1155/2015/878235
https://dx.doi.org/10.1155/2015/878235
https://dx.doi.org/10.1016/j.jdent.2014.02.010
https://dx.doi.org/10.1007/s00784-013-1087-z
https://dx.doi.org/10.1007/s00784-013-1087-z
https://dx.doi.org/10.1159/000262006
https://dx.doi.org/10.1159/000262006
https://dx.doi.org/10.5005/jp-journals-10005-1089
https://dx.doi.org/10.5005/jp-journals-10005-1089
https://dx.doi.org/10.1590/0103-6440201600990

	Introduction
	Materials & Methods
	Results
	Discussion
	Conclusion

