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Abstract

Enamel hypoplasia and dental caries significantly impact children's oral health, with enamel defects
increasing susceptibility to bacterial colonization and decay. This review explores the prevalence,
causes, and consequences of enamel hypoplasia, particularly molar-incisor hypomineralization
(MIH), emphasizing its association with systemic, genetic, and environmental factors. Dental caries
remains a major public health concern, especially in low- and middle-income countries, where
inadequate fluoride exposure, poor oral hygiene, and socio-economic disparities exacerbate the
condition. Given the strong correlation between enamel hypoplasia and caries, early detection,
preventive measures, and appropriate clinical management are essential. Public health interventions,
policy development, and further research are crucial in mitigating the burden of these conditions and
improving children's oral health outcomes. Accordingly, the main aim of this review is to review recent
findings on enamel hypoplasia and dental caries in children, highlighting their prevalence, causes,
consequences, and the need for early detection, prevention, and public health interventions.
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Introduction

Disturbances in hard tissue matrices and their mineralization that occur during odontogenesis are known
as developmental enamel defects (DDE) [1]. The intricate process of enamel morphogenesis begins with the
secretion of the enamel matrix protein and progresses through mineralization and maturation. The
procedure starts at the crowns' cusps and incisal portions and moves on to the teeth's cervical regions. A
variety of macroscopic and structural alterations may arise from disturbances in the various phases of
enamel formation [2].

Hypoplasia is a quantitative defect caused by defective enamel matrix development that manifests as
decreased enamel thickness. When a normally produced organic enamel matrix undergoes deficient
calcification, the result is enamel that is qualitatively defective hypomineralization (MIH). Clinically, MIH
enamel has normal thickness but altered translucency, seen as defined opacities or diffuse white, yellow, or
brown opacities. Whereas delimited opacities have visible borders with the nearby normal enamel, diffuse
opacities are dispersed over the enamel surface without a noticeable border [3-6].

Conversely, cavities, also referred to as dental caries, are a prevalent issue among kids. Globally, the age-
standardized prevalence of untreated dental caries is roughly 29% for permanent teeth and 8% for deciduous
teeth [7]. These days, it is widely acknowledged that chronic illnesses are closely related to poor tooth health.
Situations involving severe systemic ailments and oral diseases share numerous similarities [8].
Consequently, common risk factors affect the mouth, the body's first line of defense. There are notable
regional differences that have important public health implications, such as those among South Asians and
in India [9,10]. Numerous genetic, systemic, environmental, and local variables are among the potential
causes of DDE [2-4,11].

There is a recognizable pattern to dental caries in newborns and toddlers. Very young children who suffer
dental caries have been referred to by a variety of names and terms [12]. Initially, this illness was defined in
terms of its genesis, emphasizing the improper application of nursing procedures. The terms listed below
can be used interchangeably: Early childhood dental decay, comforter caries, nursing caries, maxillary
anterior caries, rampant caries, infant bottle-fed tooth decay, early childhood tooth decay, and many more
[13,14]. The causes of dental caries in preschool-aged children are indicated by some of these phrases [14].

Methods and data sources

Understanding the most recent findings on enamel hypoplasia and dental caries in children requires
reviewing earlier research on the topic of the current study. The use of systematic methodologies was
necessary to guarantee a thorough and trustworthy review. We looked through the following electronic
databases: Embase, Web of Science Core Collection, Google Scholar, PubMed, and Scopus with the following
keywords: Oral health; Dental caries, Enamel; Developmental defects of enamel and hypoplasia.

The bibliographies of relevant articles were manually reviewed to locate additional papers not in the
electronic databases. The following criteria for inclusion were used to screen studies: Research with a case
control, cross-sectional, or cohort design, the investigators were able to assess whether there were any time
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trends in the occurrence of DDEs by using a larger search scale for articles published between 1980 and
2025. Additionally, studies involving human subjects were included. Lastly, studies involving animal
subjects were eliminated.

Findings from investigated articles

Enamel hypoplasia in children

In children, enamel hypoplasia develops in the primary canines from the neonatal to infantile stage and in
the fetal stage to the early period of birth or six months after birth for molars of the second primary. In many
instances, it starts at the matrix generation stage. There has been evidence linking the development of
hypoplasia to severe hyperemesis gravidarum, anemia, attempted threatening abortion, and medications
used to manage these symptoms [15]. Additionally, although many children also develop enamel hypoplasias
as a result of sickness during infancy, most frequently from infections, metabolic imbalances, premature
delivery, or starvation, primary enamel defects may be inherited [16]. It shows up as a lack of enamel
thickness and is quantitative [17].

In clinical settings, enamel abnormalities may manifest as uneven and retentive surfaces, which raises the
possibility of bacterial adherence and colonization [18, 19, 20, 21]. DDE may, therefore, put young children
at risk for early childhood caries (ECC) and severe early childhood caries (S-ECC) [22, 23]. Furthermore,
enamel hypoplasia is highly prevalent in other indigenous children with ECC, according to the findings of
earlier investigations [24]. The ability to detect these DDE before they develop caries is crucial since a
significant percentage of indigenous and Alaska Native (Al) children evaluated at Indian Health Service (IHS)
dental clinics present with caries, possibly as a result of developmental abnormalities.

With almost 840 million prevalent and incident cases in 2015-2016, the global prevalence of enamel defects
(EDs), also known as molar incisor MIH (EDs of the first permanent molars and incisors), has been estimated
to be 13% [25]. Hypomineralized EDs of the primary molars are present in 0% to 41% of people worldwide,
with a 7% pooled prevalence at the individual level and 0% to 30% at the tooth level, with a 4% pooled
prevalence [26].

Conversely, compared to enamel defects linked to opacities, enamel hypoplasia resulting from enamel defects
has a higher propensity to dental caries. According to clinical characteristics, MIH, another enamel defect
(qualitative defect) that arises during the development period, can range from post-eruptive disintegration
to the mild form (opacity). It might be challenging to distinguish between post-eruptive enamel degradation
and enamel hypoplasia in these situations. Oral health may be significantly impacted by either type of
enamel deficiency (ED) [27, 28].

Therefore, both temporary and permanent teeth as well as dentitions, may have enamel abnormalities. Teeth
become more sensitive due to surface defects, such as enamel hypoplasia and MIH with post-eruptive
enamel breakdown, which affect patients' daily routines and quality of life [29]. These defects also increase
the risk of caries and increase pain.

In addition to systemic and environmental factors like fluoride intake, medications, nutritional deficiencies,
prenatal infections, chicken pox or other early childhood diseases, and low vitamin D serum levels in both
mother and child, genetic and hereditary factors like amelogenesis imperfecta may also be involved [28, 30—
37]. According to studies, maxillary incisors were the primary teeth most impacted by hypoplasia, and low-
birth-weight preterm children had a higher prevalence of hypoplasia than normal-birth-weight controls [37].
It is important to note that enamel MIH is a qualitative defect that involves diffuse, demarcated, or white,
yellow, or brown discoloration that gets worse as the color darkens, while enamel hypoplasia is a quantitative
defect that is characterized by enamel deficiency [38, 39]. When anomalies arise during the secretory and
maturation phases, respectively, enamel hypoplasia and MIH result [40]. Etiologically, enamel hypoplasia
can be divided into two groups: those that cause flaws that impact most or all of the teeth, and those that
cause localized issues that are limited to one or a few teeth (such as trauma, infections, ankylosis, and
radiation). Such extensive problems can be inherited or caused by environmental factors [41].

Dental caries in children

Dental caries is a complex and multifaceted issue brought on by an imbalance in the caries balance, which
is the dynamic process of continuous mineralization and demineralization taking place on the tooth surface
[42, 43]. 123 risk factors for dental caries were found in a thorough study by Kirthinga et al. that examined
research from 1981 to January 2019 [44]. The physical, biological, environmental, behavioral, and lifestyle
factors that increase the risk of dental caries include excessive levels of cariogenic bacteria, inadequate
salivary flow, inadequate fluoride exposure, poor oral hygiene, inappropriate baby feeding practices, and
poverty [45].

In low- and middle-income nations, the prevalence of dental caries is quickly increasing, with children living
in disadvantaged neighborhoods being particularly affected [46, 47]. The prevalence of dental caries varies
by nation in Africa. 64% Timor-leste [48], 78% Eritrea [49], 78% Tripoli Libya [50], 68.8% Sao Tomé Island
[51], 49.7% Ghana [52], 20% Tunisea [53], 24.1% Nigeria [54], and 37.5%, 43.3% in Kenya [S55, 560].
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Additionally, research in Ethiopia shows that the rates are as follows: 71.3% in the country's community
survey [57], 21.8% in Bahir Dar [58], 47.4% in Addis Ababa [59], 41.5% in Gondar Town [60], and 48.5% in
Finote Selam [61].

On the other hand, dental caries affects a significant percentage of schoolchildren worldwide, negatively
affecting both their physical and mental health. Children who have dental caries may have trouble sleeping,
eating, participating in social activities, and attending school, which can negatively impact their social
development and sense of self [62, 63, 64]. Additionally, parents bear a heavy financial burden due to dental
caries, especially in high-income nations where dental care is expensive. Beyond personal misery, oral health
problems have an impact on overall health, increasing the risk of infective arthritis, pneumonia, and
complications from diabetes [65].

Association between enamel hypoplasia and dental caries

Clinically speaking, developing enamel abnormalities significantly affect dental health by changing occlusal
functions, impairing aesthetics, and increasing tooth sensitivity. Furthermore, several studies have
indicated that some forms of DED may be significant risk factors for dental caries and erosions of the hard
tissues of the teeth [67, 68]. Because the uneven, retentive surfaces of enamel hypoplasia and delineated
opacities cause plaque accumulation and increased acid solubility of the afflicted enamel, respectively, it
has been often observed that these conditions increase the experience of dental caries [66-68]. Enamel
hypoplasia has clinical importance concerning malocclusion, increased risk of dental cavities, poor
aesthetics, and tooth sensitivity. As a result, enamel protection as well as efficient preventive care and
monitoring are necessary [69, 70].

The age difference between the eight-year-olds and the fifteen-year-olds, according to a study by Clarkson
and O'Mullane [4], gave rise to a sample size big enough to identify patterns in the incidence of anomalies
on both early and late emerging teeth. Jindal also discovered that enamel developmental defects were
significantly more common in children with impairments. This illustrates the connection between tooth
formation and numerous systemic illnesses [71]. A study in Himachal revealed that enamel developmental
abnormalities were common in both primary and permanent teeth [72]. In his 1991 study, Goodman also
found a connection between inadequate nutrition and enamel hypoplasia [73].

However, in 2000, the Federation Dentaire Internationale (FDI) and the World Health Organization (WHO)
declared that the age of 12 is particularly significant for caries and enamel hypoplasia [74]. Furthermore,
517 children's caries prevalence and enamel abnormalities were examined by Montero et al. [75]. The
prevalence of enamel abnormalities was 49%, the mean DMFT was 3, and 38% of the youngsters had carious
teeth. Half of the lesions were linear opacities. Caries and enamel flaws were found to be positively correlated.
The average age of the children who took part in a study by Disha et al. [29] was 10 years old, and the
average age of the children who had hypoplasia was 10.4 years old. Compared to those aged 10-12, the
prevalence of enamel hypoplasia was lower in those aged 8-9. Additionally, Fotedar S. et al. [76] noted this.
Sixty percent of the youngsters in the sample were 11 years old and exhibited the severe form of hypoplasia.
Similar findings were found in other research [76, 77, 78], where the older age groups chosen showed a
higher prevalence of more diffuse forms of hypoplasia. This might have happened as a result of prolonged
high exposure to etiological causes. These findings were in some ways in line with earlier research that
indicated enamel flaws raise the likelihood of dental cavities in the teeth that are impacted [16, 23, 75, 79,
80]. Multivariable regression analysis results showed that, except for age 5-9 occurrence, the between-
subject effect from enamel hypoplasia was consistently significant. This suggests that individuals with
hypoplasia are more likely to have more caries-affected surfaces and to be at higher risk for caries between
the ages of five and nine.

Another significant study by Idiculla et al. [81] discovered that 705 (13%) of 5500 schoolchildren in various
age groups, from 6 to 15, showed enamel hypoplasia. Enamel hypoplasia was seen in 7137 (43%) of the
16,470 teeth in these 705 patients. There were 1.3 hypoplastic teeth on average per child (range 0-28).
Additionally, the modified DDE index was used to identify enamel flaws. The most prevalent abnormality
affecting the greatest number of teeth (305 patients, 43%), was diffuse patchy enamel hypoplasia.

Dental caries was observed in hypoplastic teeth, indicating that people with enamel hypoplasia may
experience caries. With a mean score of 3.1 (range 0-10), 577 (9%) of the youngsters had at least one
decaying tooth. Out of 1, 18,099 teeth, 13,963 (12%) had at least one decaying tooth with a mean of 8.4
(range 0-12), and 1987 (41%) of the 5500 individuals had dental caries without enamel hypoplasia. A
statistically significant correlation was found (chi2 = 651.75, df = 1, p Value =.01). Similarly, 18.2% (185) of
the participants in research by Fotedar et al. [76] showed enamel opacities. The prevalence was 17.9% in 89
subjects at age 12 and 18.6% in 96 subjects at age 15. Of the 1765 teeth analyzed in these 185 patients,
210 (11.8%) had enamel hypoplasia. Of these 210 hypoplastic teeth, 91 (10.9%) were impacted when the
patient was 12 years old, and 119 (12.7%) were impacted when the patient was 15 years old. At the ages of
12 and 15, the average number of teeth with enamel abnormalities per child was 0.233 and 0.252,
respectively. Males in both age groups had a noticeably greater prevalence of enamel hypoplasia.

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0
Received: 01-01-2025 - Accepted: 26-02-2025 - Published: 03-03-2025 375


https://doi.org/10.54361/ajmas.2581054

Algalam Journal of Medical and Applied Sciences. 2025;8(1):373-379
https://doi.org/10.54361/ajmas.2581054

Conclusion

Therefore, enamel hypoplasia, a developmental defect, compromises enamel integrity, making teeth more
vulnerable to bacterial colonization and decay. Various systemic, genetic, and environmental factors
contribute to its occurrence, including preterm birth, nutritional deficiencies, and childhood illnesses. The
high prevalence of enamel defects, particularly molar-incisor hypomineralization (MIH), underscores the
need for early detection and intervention to prevent further complications, such as increased tooth
sensitivity, aesthetic concerns, and a higher risk of dental caries. Dental caries remains a global public
health challenge, disproportionately affecting children from low- and middle-income countries. The interplay
between cariogenic bacteria, inadequate fluoride exposure, poor oral hygiene, and socio-economic factors
exacerbates the incidence of caries in children. Studies indicate a strong association between enamel
hypoplasia and dental caries, as compromised enamel structure facilitates plaque accumulation and acid
penetration, accelerating the demineralization process. Given these findings, comprehensive oral health
strategies should focus on early identification, preventive measures, and appropriate treatment to mitigate
the risks associated with enamel defects and dental caries in children.

Dependently, early detection of enamel defects and dental caries should be prioritized through routine dental
screenings and advanced diagnostic tools. Preventive strategies must include promoting maternal and child
nutrition, ensuring adequate fluoride exposure, and encouraging proper oral hygiene practices. Public
health interventions should focus on increasing awareness, reducing sugar consumption, and enhancing
access to preventive dental care. Clinical management requires appropriate restorative treatments, frequent
monitoring of affected children, and the use of minimally invasive dentistry techniques. Further research
and policy development should aim to establish standardized guidelines, conduct longitudinal studies, and
integrate oral health into general child healthcare programs. Implementing these measures will help reduce
the burden of enamel hypoplasia and dental caries in children, ultimately improving their overall health and
quality of life.
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