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ABSTRACT

This article reviews the developmental defects of enamel and dentin, focusing on their etiology, clinical manifestations, and implications for dental health.
Enamel defects, such as hypoplasia and hypomineralization, result from genetic factors, environmental influences, or systemic conditions during tooth
development. These defects often lead to aesthetic concerns, increased susceptibility to caries, and heightened tooth sensitivity. Similarly, dentin abnormalities,
including dentinogenesis imperfecta and dentin dysplasia, impact tooth structure and integrity, manifesting as discolored, fragile, or misaligned teeth. The article
highlights the importance of early diagnosis and intervention, detailing current treatment strategies tailored to specific defects. By understanding the complexities
of enamel and dentin developmental disorders, dental professionals can better address the needs of affected individuals, ultimately improving patient outcomes
and quality of life.
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INTRODUCTION

Oral developmental anomalies are a diverse group of conditions that affect the normal formation and structure of the teeth, gums, and surrounding oral
tissues. These anomalies can manifest in various forms, from congenital abnormalities like cleft lip and palate to conditions affecting tooth number,
shape, and size. The impact of these anomalies can extend beyond aesthetics, influencing functional aspects of oral health, speech development, and
psychosocial well-being. The primary dentition begins to form at approximately six weeks in utero and the permanent dentition continues through late
adolescence. The dentition is therefore susceptible to environmental influences for many years(1). The development of the human dentition is regulated
by tissue interactions and genetic networks similar to those of other ectodermal organs and involves iterative and self-organizing mechanisms.
Understanding the etiology, clinical implications, and management options for oral developmental anomalies is crucial for dental professionals,
caregivers, and patients alike. This article delves into the types, causes, and treatment strategies for these conditions, highlighting the importance of
early detection and intervention in promoting optimal oral health outcomes.(2)

1. ABNORMALITIES OF ENAMEL

Enamel abnormalities arise from a range of interacting factors, including genetic disorders and environmental influences. The genetic variations linked
to certain types of enamel defects have been identified, and various environmental factors, such as medical conditions that can harm enamel and dentine,
have also been recognized. Developmental enamel defects may manifest as enamel hypoplasia or hypomineralization. Clinically, these defects often
lead to issues with discoloration and aesthetics, increased tooth sensitivity, and a higher risk of caries, wear, and erosion.(3)

ENAMEL HYPOPLASIA

Enamel hypoplasia is a disorder of the tooth enamel causing thin or absence of enamel. In some cases only few parts of the tooth might be affected as it
might occur in pits or groves in other cases, an entire tooth may have an overly thin layer of dental enamel or may have no enamel at all(4).

The main symptom of enamel hypoplasia is the visible appearance of the affected teeth. The degree and appearance of this condition can vary based on
the timing and extent of the enamel disruption. Common indicators include:

 Thinned or insufficient enamel: Affected teeth may show signs of being thin, pitted, grooved, or rough due to inadequate enamel
development.
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 Tooth sensitivity: Teeth with enamel hypoplasia often experience increased sensitivity, as the compromised enamel no longer provides
adequate protection for the underlying dentin.

 Tooth discoloration: This condition can lead to discoloration, with teeth appearing white, yellow, brown, or grayish due to the exposure of
dentin or irregularities in the enamel that can trap stains.

 Higher risk of dental issues: Teeth affected by enamel hypoplasia are more vulnerable to dental problems, including cavities, erosion, and
fractures, due to the weakened enamel layer.

Minor enamel hypoplasia can usually be controlled by practicing good oral hygiene, such as avoiding sugary foods and undergoing routine fluoride
treatments.(5)

Fig1 : Enamel Hypoplasia involving maxillary incisors

(Image adopted from: Gupta et al)

AMELOGENESIS IMPERFECTA

Amelogenesis imperfecta is a group of inherited disorders characterized by quantitative or qualitative defects in tooth enamel without any systemic
manifestations. It is also referred to by various names, including hereditary enamel dysplasia, hereditary brown enamel, and hereditary brown
opalescent teeth. This defect is entirely ectodermal, as the mesodermal components of the teeth are typically normal. The trait associated with
amelogenesis imperfecta can be inherited through autosomal dominant, autosomal recessive, or X-linked inheritance patterns. Genes involved in the
autosomal forms include those that encode enamel matrix proteins, specifically enamelin, ameloblastin, tuftelin, MMP-20, and kallikrein.(6)

Classification of amelogenesis imperfecta (Witkop and Sauk)

Characteristics of Hypoplastic Amelogenesis Imperfecta

 Enamel of reduced thickness due to a defect in the formation of normal matrix

 Pitting and grooves

https://www.kidsdentalonline.com/dental-topics/oral-hygiene/dental-fluoride-treatments-children/
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 Hard and translucent enamel

 Radiographically, the enamel contrasts normally from dentine.

Characteristics of Hypo calcified Amelogenesis Imperfecta

 Defect in enamel calcification

 Enamel of normal thickness

 Weak in structure

 Appears opaque or chalky

 Teeth become stained and rapidly wear down

 Radiographically, enamel is less radio-opaque than dentine.

Characteristics of Hypo maturation Amelogenesis Imperfecta

 Enamel of normal thickness but mottled in appearance

 Slightly softer than normal and vulnerable to tooth wear, but not as severe as the hypocalcified type

 Radiographically, similar radiodensity as dentine.

Characteristics of Hypomaturation- Hypoplasia with taurodontism

 Mixed hypo maturation and hypoplasia appearance

 Taurodontism: body and pulp chamber enlarged, and the floor of pulp chamber and furcation is moved apically down the root.(7)

Treatment Considerations

The treatment strategy should be tailored to the specific type of amelogenesis imperfecta and its underlying defect:

1. For patients with hypoplastic AI, the enamel is typically adequate for bonding, allowing for successful composite resin restorations that can
mask discoloration and enhance crown morphology.

2. In cases of hypocalcified AI, there is insufficient enamel for bonding. While glass ionomer cements and composite resin restorations may
initially be effective, the long-term prognosis is uncertain, as hypocalcified enamel may fracture, leading to defective margins and broken
restorations. Full coverage restorations are often recommended for hypocalcified AI.

3. For hypo maturation AI, the defective enamel contains excessive organic material, which can become porous and stained over time; this
enamel should be removed prior to the placement of restorations.(8)

Fig:2 Amelogenesis Imperfecta involving complete maxillary dentition

(Image source adopted from: Chaudhary et al)

2. ABNORMALITIES OF DENTIN

Dentin, the most prevalent tissue in teeth, is formed by odontoblasts that differentiate from mesenchymal cells in the dental papilla. Dentinogenesis is a
precisely regulated process that transforms unmineralized predentin into mineralized dentin. By weight, 70% of the dentin matrix is mineralized, while
the organic component makes up 20%, and water accounts for the remaining 10%. Type I collagen is the main element of the organic portion of dentin.
The non-collagenous part of the organic matrix consists of various proteins, with dentin phosphoprotein being the most abundant, representing about
50% of the non-collagenous fraction. Dentin defects are generally categorized into two primary types: Dentinogenesis imperfecta (DI types I–III) and
Dentin dysplasia (DD types I and II).(9)
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DENTINOGENESIS IMPERFECTA

Dentinogenesis imperfecta (DI) is characterized as a localized form of mesodermal dysplasia noted during histodifferentiation, representing a
congenital hereditary alteration affecting both deciduous and permanent teeth. DI was initially documented by Tolbot as an autosomal dominant trait.
Type I Dentinogenesis Imperfecta is associated with osteogenesis imperfecta, and recent genetic research has identified mutations in the genes coding
for collagen type I, COL1A1 and COL1A2, as the cause of this condition. Other forms of Dentinogenesis Imperfecta seem to arise from mutations in
the gene that encodes dentin sialophosphoprotein.(10)

Dentinogenesis imperfecta type I

 Individuals with DGI-I also have osteogenesis imperfecta.

 The teeth of both dentitions are typically amber and translucent

 Teeth show significant attrition.

 Radiographically, the teeth have short, constricted roots and dentine hypertrophy leading to pulpal obliteration either before or just after
eruption.

 Expressivity is variable even within an individual, with some teeth showing total pulpal obliteration while in others the dentine appears
normal.

Dentinogenesis Imperfecta Type II

 The dental characteristics of DGI-II resemble those of DGI-I, but penetrance is nearly complete, and osteogenesis imperfecta is not
associated with this type.

 A distinctive feature is the presence of bulbous crowns with significant cervical constriction.

 Normal teeth are never observed in DGI-II.

 Sensorineural hearing loss has also been noted as a rare aspect of the condition.

Dentinogenesis Imperfecta Type III

 This form of DGI is identified in a tri-racial population from Maryland and Washington, DC, known as the Brandywine isolate.

 The clinical features are variable and resemble those seen in DGI-I and DGI-II, but the primary teeth frequently exhibit multiple pulp
exposures.

 Radiographically, they often present as "shell" teeth, which appear hollow due to dentin hypotrophy. (11)

TREATMENT CONSIDERATIONS

The likelihood of providing optimal treatment diminishes with patient age, underscoring the importance of early diagnosis.

 To prevent excessive loss of dental structure, it is advisable to place stainless steel crowns on newly erupted permanent posterior teeth as
soon as they come in.

 A pulpotomy should be performed when necessary.

 If caries is present below the gingival contour, tooth extraction is recommended.

 Space-maintaining devices are essential in cases of early tooth loss, pending the final treatment plan. For example, polycarboxylate crowns
are suggested as a temporary solution for permanent anterior teeth.

 In the permanent dentition, porcelain veneers, crowns, inlays, fixed or removable prosthetic restorations, as well as implant restorations, are
recommended once patients reach adulthood.

The treatment of mixed and permanent dentition can be complex and requires collaboration among various specialties, including pediatric dentistry,
orthodontics, and prosthodontics.(10)
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Fig : 3 Dentinogenesis Imperfecta – intraoral frontal view

(Image source adopted from : Akhlaghi et al)

DENTIN DYSPLASIA

Dentin is a mineralized tissue that forms the bulk of a tooth, acting as a protective layer for the pulp and providing support for the overlying enamel and
cementum. Dentin dysplasia is an autosomal-dominant trait that can affect either the primary dentition or both the primary and secondary dentitions.
The condition was first documented in 1922 by Ballschmiedel, who described six children in one family with teeth that had short, blunted roots and
pulpal occlusion, which he referred to as “rootless teeth.” Rushton later described a similar condition in an individual without evidence of genetic
inheritance, calling it “dental dysplasia.” This condition is infrequently encountered in dental practice.

Dentin dysplasia occurs because of the mutation of few genes such as

 COL1A1

 COL1A2

 Dentine sialophosphoprotein (DSPP). (12)

Dentin Dysplasia Type I

 The teeth in Dentin Dysplasia Type I generally exhibit normal shape, form, and consistency.

 Radiographically, the roots are pointed with conical, apical constrictions.

 Pre-eruptive pulpal obliteration occurs, resulting in a crescent-shaped pulpal remnant parallel to the cemento-enamel junction in the
permanent dentition, and complete pulpal obliteration in the primary teeth.

 Numerous periapical radiolucencies are often observed in non-carious teeth.

 These are also referred to as “rootless teeth.”

Dentin Dysplasia Type II

 The characteristics seen in the primary dentition resemble those found in Dentinogenesis Imperfecta Type II; however, the permanent
dentition is either unaffected or exhibits mild radiographic abnormalities.

 There is a thistle-tube deformity of the pulp chamber, along with frequent pulp stones.

 Bulbous crowns with cervical constriction are present.

 These are also known as “ghost teeth.(13)

TREATMENT CONSIDERATIONS

Type I

Root canal treatment can be performed, and aesthetic restorations may be suggested. Filling the tips of the root canals can prolong the retention of the
affected teeth in the jaw. In some cases, extraction of the affected teeth may be necessary, with dentures as replacements. Genetic counseling is advised
for families of children with Dentin Dysplasia Type I.

Type II

Treatment for coronal dentin dysplasia focuses on the specific symptoms evident in each individual. Since permanent teeth are often not affected, no
particular or extensive dental therapy is typically required. Recommended management may involve regular monitoring by dental specialists and
ongoing preventive care. Genetic counseling may also be beneficial for affected individuals and their families.(14)
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Fig :4 OPG showing bulbous crown with cervical constriction and short roots with multiple missing teeth.(Image source adopted from: Singh A et al)

HOW TO DIFFERENTIATE BETWEEN ENAMEL AND DENTIN DEFECTS?

Differentiating between enamel and dentin defects involves observing specific characteristics related to each tissue type. Here are some key factors to
consider:

1. Visual Appearance

 Enamel Defects:

o Color Changes: Discoloration (white spots, yellow, or brown stains).

o Surface Texture: Pitting, grooves, or rough surfaces.

o Translucency: May appear more translucent or opaque than normal enamel.

 Dentin Defects:

o Color: Generally affects the underlying tooth color, leading to darker teeth.

o Surface Integrity: May show wear or fractures due to structural weakness.

2. Radiographic Features

 Enamel Defects:

o Radiopacity: Enamel is highly radiopaque, so defects may show up as less radiopaque areas compared to normal enamel.

 Dentin Defects:

o Root Shape: Dentin defects may show abnormal root shapes or sizes (e.g., short roots in dentinogenesis imperfecta).

o Pulp Chamber: Changes in the size or shape of the pulp chamber may be visible.

3. Symptoms

 Enamel Defects:

o Sensitivity: Increased sensitivity to temperature or sweet foods due to exposure of underlying dentin.

o Aesthetic Concerns: Cosmetic issues due to discoloration or rough surfaces.

 Dentin Defects:

o Pain: May experience pain or discomfort due to exposure of the pulp, especially if caries are present.

o Fractures: Increased susceptibility to fractures and wear.

4. Genetic Associations

 Enamel Defects: Conditions like enamel hypoplasia or amelogenesis imperfecta.

 Dentin Defects: Conditions such as dentinogenesis imperfecta or dentin dysplasia.

5. Clinical Testing

 Sensitivity Testing: Assessing for sensitivity can help determine the health of the enamel and underlying dentin.

 Visual and Tactile Examination: Checking for surface texture changes and overall tooth integrity.
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CONCLUSION

In conclusion, enamel and dentin defects represent significant dental conditions that can impact both the aesthetic and functional aspects of teeth.
Enamel defects, often characterized by discoloration, surface irregularities, and increased sensitivity, primarily affect the outer protective layer of the
tooth. In contrast, dentin defects can lead to structural weaknesses, increased risk of fractures, and potential pulpal complications. Early diagnosis and
differentiation between these defects are crucial for effective treatment planning and management. Collaborative approaches among dental specialists
can enhance patient outcomes, emphasizing the importance of preventive care and genetic counseling when necessary.
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