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Abstract 
Background 

 
 

Amelogenesis Imperfecta (AI) is an inherited dental condition of enamel, which 

can cause increased tooth sensitivity, difficulties maintaining oral hygiene, rapid 

tooth loss or enamel fractures, as well as defects in enamel thickness, colour, 

and shape. All these factors may impair aesthetic appearance and the 

masticatory ability, requiring dental treatment for a lifetime which may affect their 

overall quality of life. 

 
Aim: 

1. To assess the burden of care for children with AI attending the Paediatric 

Dental Department at the Eastman Dental Hospital (EDH). 

2. To review the available scientific evidence on the adhesive interface 

between AI affected teeth and restorative materials. 

3. To analyze different AI classifications quoted in the literature, to determine 

the consistency and standardization of reporting on AI classifications. 

 
 

Material and method: 
A service evaluation of AI patients being treated in the department from 2002- 

2019. 

Two systematic searches were conducted using search terms in both electronic 

and hand search journals. 

 
Results: 
The burden and impact of care audit showed the average number of 

appointments per year was 5, (SD=2.5). The average distance travelled to the 

hospital was 33.7 miles (SD =30 miles) and the treatment provided included: 

• Extractions - majority in hypoplastic group (78%, n=10). 

• Composite restorations - hypoplastic (66%, n=18), mixed (16%, n=4). 

• Indirect coronal restorations – hypoplastic (67%, n=17), mixed (12%, 
n=3). 

• Bleaching and microabrasion - most performed in hypomature group 
(56%, n= 8 and 67%, n=5 respectively). 
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• More failed composite restorations occurred in hypocalcified (25%, n=4) 
and mixed type (23%, n=40) with debonding being the most common 
reason. 

 
In the systematic review of bonding strength to AI affected teeth, studies showed 

a lower bonding strength of AI affected teeth in comparison to sound teeth. 

Bonding strength of composite was not significantly different when using self-etch 

compared with etch and rinse adhesives and deproteinization with sodium 

hypochlorite had no effect on shear bond strength, but chlorine dioxide and 

sodium fluoride showed better values in enhancing bonding strength. 

In the review of classification of AI papers did not use or cite a classification (n=12, 

36%) and 43% only described the phenotype with no information regarding the 

basic genetic information if known. Those results are elaborated in each chapter 

in details. 

 
Conclusion: 
The service evaluation provides data on the burden of care for children with AI. 

The high number of appointments, treatment needs, and miles travelled illustrate 

the scope of complications that can occur and stress the need for comprehensive 

management of this condition. Lower bonding strength values and durability of 

restorations to AI affected teeth which requires further laboratory studies. There 

are variations and inconsistency of classification used for studies published             from 

2015. 
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Impact statement 
 
 

This study aims to look at the available evidence on bond strength to teeth with 

Amelogenesis Imperfecta which will contribute to the wider discussion on AI 

affected teeth. With the current need of further understanding of the condition and 

the problems associated with it and therefore, to take appropriate actions for 

conducting laboratory and clinical trials which will bring the desired change and 

improvement of the quality and durability of restorative treatment provided. 

 
This study also explores the burden and impact of care in AI treatment on children 

and their families. AI has a high burden of care for both patients and caregivers, 

and further efforts to reduce this burden must be carefully considered. It provides 

an insight on how critical to provide more accessible treatment pathways for 

patients to obtain timely care, which will minimize the psychosocial impacts, 

enhance their quality of life and self-confidence. This study was presented and 

published in the European Academy of Paediatric Dentistry, where researchers 

from all around the world gather to interact and exchange knowledge. 

 
Another significant impact of the figures showed in this study for the clinicians 

and researchers when reporting AI condition, which might help to lead to the 

development of a standardized form for reporting AI and its types and thus, 

improve our knowledge and ability to compare types and classification of AI 

affected teeth more easily. 

 
Overall, it provides an insight for the need for continuing of research and 

development to prevent and manage this condition which will enhance the care 

provided for patients affected with AI. 
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Statement of problem 
 
 

Amelogenesis Imperfecta (AI) is a rare genetic disorder of enamel, patients may 

have increased tooth sensitivity, difficulty keeping good oral hygiene, loss of tooth 

structure, in addition, abnormal in the enamel thickness, colour and shape; 

variables that may affect aesthetic appearance and masticatory efficiency 

(Lundgren et al., 2016) which necessitates lifelong dental care which may affect 

their overall quality of life. Patients with AI have had a detrimental effect on quality 

of life which involve area such as phycological distress, social and physical 

disabilities (Hashem et al., 2013). The Eastman Dental Hospital (EDH) has one of 

the largest cohorts of AI patients in the United Kingdom and therefore, it is well 

placed to investigate dental care for this population. As a result, we conducted a 

burden of care audit to determine and assess the impact. 

 
Treatment with AI is based on individual diagnosis and phenotype. Optimum care 

of patients considers the developmental stage of the patient. A retrospective 

review of restorative treatment in AI affected patients, found that all AI affected 

patients are favorably influenced by their restorative treatment, and almost half of 

the patients preferred treatment to be carried at an earlier age (Lindunger and 

Smedberg, 2005). 

 
The burden and impact of AI treatment on children and their families have not 

been well studied. Understanding what treatment in different types of AI regularly 

require, the commitment and time investment of families and patients, the travel 

distance and the time required to attend a single appointment should form the 

basis for advancing treatment strategies and aim to improve AI management with 

focus on the standard of care provided to patients. The burden of care service 

evaluation was done in conjunction with Leeds University, to increase our sample 

size and compare between the two geographical sites. One of the findings of the 

study was that the type of AI had an impact on restoration failure and the need for 

repeated treatment, so it was important to look at the available evidence for 

bonding strength to AI affected teeth. 
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Bonded restorations intended to improve the poor aesthetic in patients with AI. 

However, high failure rates of bonding have been reported for bonding to AI 

affected teeth (Lindunger and Smedberg, 2005). The bond between enamel and 

restoration is extremely reliant on the nature of enamel surface. Hypocalcified, 

Hypomature and hypoplastic AI have abnormal matrix formation. Differences in 

morphology and micro morphology compared to normal enamel and irregular 

etching patterns. The higher organic content in the hypocalcified and hypomature 

AI more than the hypoplastic AI is the cause of higher failure rate of bonded 

restorations. 

 
The basic concept of bonding to teeth is dependent on the micromechanical 

interlocking of adhesive resin with enamel and dentine. Contemporary resin 

bonding systems are classified into two groups; self-etching (SE) adhesive 

systems which include etching and priming in one step, whereas etch and rinse 

(ER) adhesive systems involve etching with phosphoric acid (Sarr et al., 2010). In 

etch and rinse adhesives, a phosphoric acid conditioner usually used to degrade 

the hydroxyapatite crystals and produces gaps for penetration. This has proven a 

successful method of bonding to sound enamel, because of the high mineral 

content (Erickson et al., 2009). As the substrate structure influences the 

effectiveness of adhesive agents, the decrease mineral content of AI affected 

enamel could be detrimental to the bonding process (Şaroğlu et al., 2006). 

 
The different classifications descriptions have been used to describe AI in our 

systematic review and the classification quoted in the clinical records by the 

clinicians in the audit making it difficult to compare studies. Therefore, we decided 

to look at the standardization and different classifications quoted in the past years. 
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1. Background 
 

Amelogenesis imperfecta (AI) is a hereditary development disorder of structural 

defects in enamel caused by ectodermal disruptions. As a consequence of 

impaired amelogenesis, both primary and permanent teeth are affected (Chan et 

al., 2010). Based on the stage of enamel formation that is impaired by the genetic 

mutation, AI can be categorized into hypoplastic, hypocalcified or hypomature and 

mixed forms (Aldred et al., 2003). The clinical appearance of hypoplastic AI 

affected teeth is usually thin enamel, surface pitting, or vertical grooving, whereas 

the forms of hypocalcified and hypomature AI are distinguished by the presence 

of normal quantities of deficiently mineralized enamel matrix. The decreased 

hardness of hypocalcified enamel means it is more likely to wear away, exposing 

dentine which results in a modified structure and mineralization (Hyun et al., 2009). 

 
The clinical consequence of AI is the cosmetic concern with the appearance of the 

teeth. The causes of poor aesthetics are due to the abnormal shape of the crown 

because of enamel loss, surface roughness and discoloration (Canger et al., 

2010). Several treatment modalities have been suggested including extraction of 

affected teeth and fitting of a removal or fixed prosthesis. However, this method 

is sometimes extremely invasive and has a significant risk of consequences. 

Therefore, the use of bonded composite restorations is a far more conservative 

option (Nathwani and Kelleher, 2010). 

 
Bonding to enamel and dentine is based on micromechanical interlocking of 

adhesive resin with dental hard tissues. Although enamel bonding is dependent 

on the micromechanical retention to the etched substrate, the adhesion of dentine 

occurs by hybridization with the exposed collagen network (Van Meerbeek et al., 

2003). A conditioner is usually used to dissolve the hydroxyapatite crystals which 

creates spaces to allow the resin to infiltrate, this has proven a successful method 

of bonding to normal healthy teeth due to the high mineral content of enamel. 

However, bonding to AI affected teeth has been reported to have a high rate of 
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failure and the durability of dental restorations is unknown because of the 

substrate structure influencing the efficacy of adhesive material, the decreased 

mineral content of AI affected teeth could be detrimental to the bonding quality to 

varied degrees depending on the type of AI. 
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1.1. Mechanism of tooth development 
 

The tooth germ is formed from an aggregation of cells which are derived from 

the oral surface ectoderm of the first branchial arch, the underlying 

mesenchyme of the neural crest and the frontonasal prominence which form 

teeth in human embryo (Ten Cate and Nanci, 2013). The tooth germ comprises 

of three separate components: the enamel organ, dental papilla, and the follicle 

or dental sac. The enamel organ consists of the outer enamel epithelium 

(OEE), inner enamel epithelium (IEE), the stellate reticulum and stratum 

intermedium. The function of the enamel organ is not limited only to the 

formation of enamel, but they also play a significant part during dentine 

formation and the dento-gingival junction establishment. However, it becomes 

part of the reduced enamel epithelium (REE) well after enamel maturation as 

shown in Figure 1-1 (Ten Cate and Nanci, 2013). 
 
 

 
Figure 1-1 showing the different parts of enamel organ during cap stage of 

tooth development (Nanci, 2017). 
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The stages of tooth development are described as bud, cap, and bell stages. 

The crown and root development are shaped by these stages respectively as 

described in Figure 1-2 (Lacruz et al., 2017). Mesenchymal cells of the dental 

papilla that lies below the enamel organ forms the dentine through 

odontoblasts, whilst the middle part of the papilla create the pulp. Epithelial 

cells which lie beside odontoblast develop into ameloblasts, that give rise to 

enamel (Bailleul-Forestier et al., 2008). 

 
The cap phase starts by the 11th week of intrauterine life. Morphogenesis is 

the biological process which causes organisms to evolve their shape 

progresses, in this case with the invagination of the enamel organ to create a 

cap-shaped structure. The size and shape of each tooth becomes clearer at 

this stage, this mechanism is controlled by the enamel knot. The impulses from 

the enamel knot control the development and dictates the locations of the 

epithelial folds corresponding to the cup pattern. Subsequently, the cap- 

shaped structure becomes the enamel organ that covers the dental papilla and 

produces enamel, dentine, and pulp respectively (Tummers and Thesleff, 

2008). 

 
The bell phase is also known as the phase of ‘histodifferentiation’ and 

‘morphodifferentiation’. It is divided into two phases: early and late bell phase, 

as it begins at the 14th week of intrauterine life. Most cells are termed stellate 

reticulum due to their star shaped appearance. The enamel organ is bell 

shaped at this point. The primary role of this cell is to safeguard the dental 

tissue underneath against physical damage and to preserve the form of the 

tooth (Ten Cate and Nanci, 2013). 
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Figure 1-2 stages of tooth development displaying overlap different 

physiological processes and morphological stages of tooth formation, with 

the exclusion of the initiation stage (Soxman et al., 2019). 

 
 

The outer enamel epithelium (OEE) is thought to be involved in maintaining 

the shape of the enamel organ. The cervical loop, located at the boundary of 

the enamel organ. This is where the OEE is linked with the IEE, has a high cell 

division activity. During the bell phase, the IEE is first seen, when the cells 

distinguish into ameloblasts and generate the enamel matrix. After the 

ameloblast cells are created, the dental papilla starts to distinguish into 

odontoblasts. For the enamel to form, the dentinal layer must be present. 

However, the existence of ameloblasts is also crucial if dentinogenesis is to 

proceed (Thesleff and Juuri, 2015). The ameloblast and odontoblast cells are 

accountable for the future development of enamel and dentine. Dentine 

formation begins when the basement membrane of the IEE is thickened. After 

dentine development begins, the inner enamel epithelium cells release an 

organic matrix that protects the dentine. During the oppositional phase the 

formation of dental hard tissue begins which is also known as the late bell 

phase. It happens at about 18th week of IU life. At this point, the dental lamina 

begins to dissolve as the developing tooth descends into the oral cavity (Ten 

Cate and Nanci, 2013). Nevertheless, when remnant of dental lamina called 

gland of Serres if not resorbed that may form in eruption cyst (Berkovitz et al., 

2017). 
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The growth of permanent dentition is launched by the lingual expansion of the 

OEE in the primary teeth, which subsequently forms the tooth germ of the 

permanent successors. For the permanent molars that do not replace the 

primary teeth, the epithelial tissue of primary second molar grows backwards 

to bud off effectively the first, second and third molars teeth. The development 

of tooth buds for the first permanent molar appears in utero at about 4 months, 

the second permanent molar appears about 6 months after birth, whereas the 

third permanent molar appears 4-6 years of life (Berkovitz et al., 2009). 

 
1.2. Enamel 

 
Enamel is a distinctive mineralized tissue because it is acellular and is 

composed of crystallites that are bigger and more directed than other 

mineralized tissues. Due to its mineralized complicated composition, enamel 

is adjusted throughout its lifetime to absorb mechanical and abrasive stresses 

(Simmer and Fincham, 1995). As it is the hardest tissue of the body, in contrast 

to the bone it cannot be remodeled once its mineralized. Enamel is made up 

of about 95% mineral of its weight, 1-2% organic material, and about 2-4% of 

water (Lacruz et al., 2017). The inorganic content comprises of crystalline 

calcium phosphate recognized as hydroxyapatite crystals (Robinson et al., 

2017). The densely packed carbonated hydroxyapatite is organized into a 

woven framework called rods or prims (White et al., 2001). which is more 

fracture resistance (Margolis et al., 2006, Ruan and Moradian-Oldak, 2015). 

 
Unlike bone or dentine, enamel does not contain collagen. Nonetheless, 

enamel does contain distinctive proteins termed amelogenin and enamelin 

(Moradian-Oldak, 2012). Enamelin is a minor element of the matrix that 

regulates the mineralization of enamel crystals; amelogenin protein is the main 

element of the continually secreted enamel extracellular matrix (Iijima et al., 

2010). Other proteins involved in the formation of dental enamel include 

ameloblastin, tuftelin, amelotin and sialo-phosphoprotein dentin (Crawford et 

al., 2007b). Research has shown the existence of several other proteins in the 

extracellular matrix of enamel just like albumin, serine proteases, 

glycoconjugates and calcium dependent proteases (Fincham et al., 2000). The 
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importance of these proteins is not fully understood, but it is assumed that they 

promote the growth of enamel by serving as a foundation for minerals to build 

on. 

 
In individuals, enamel differs in density over the tooth surface, mostly thickest 

at the cusp up to 2.5 mm and thinnest at the boundaries around 1.3 mm with 

cementum at the CEJ (Ten Cate and Nanci, 2013). 
 

Amelogenesis 
 

Amelogenesis is the process of enamel formation of teeth. This method 

happens simultaneously with the formation of dentine (dentinogenesis) but as 

a completely different process. While dentine must be present to form enamel, 

ameloblasts must be available as well to initiate the formation of dentine. The 

newly differentiated odontoblasts send a signal to the IEE, which further 

differentiates the epithelial cells into active secretory ameloblasts. In turn, 

dentinogenesis depends on triggers from the differentiating IEE for the 

continuation of the process Figure 1-3 (Moradian-Oldak, 2012). 
 

Figure 1-3 Amelogenesis features as seen by a light microscope. At A, the 

inner enamel epithelium (IEE) consists of short, columnar undifferentiated 

cells. At B, these cells elongate and differentiate into ameloblasts that face 

differentiating odontoblasts and then begin secreting the enamel matrix. At D, 

enamel matrix is constantly deposited by ameloblasts (Nanci, 2017). 
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The interaction in both the IEE and odontoblasts is an example of biological 

principal known as reciprocal induction among mesenchymal and epithelial 

cells. The enamel is initially synthesized as a soft mineralized organic matrix, 

which consist of only 30 percent mineral with the rest being organic material 

and water. This proportion is gradually inverted, and the mature tissue retains 

more minerals than the organic matter (Robinson et al., 2003, Moradian-Oldak, 

2012). Enamel formation can be split into three separate developmental 

phases: first, an extracellular matrix is created, followed by the mineralization 

of this matrix and lastly the removal of the matrix to allow crystallite 

development or maturation of enamel (Ayers et al., 2004). The process of 

enamel formation involves a series of extremely controlled cellular operations 

and protein-controlled mineralization. The main developmental phases of 

enamel are pre-secretory, secretory, transition and maturation characterized 

by ameloblast morphology and function (Ruan and Moradian-Oldak, 2015, 

Nanci, 2008). Lacruz et al suggested a further seven-stage subdivision: pre- 

secretory, early secretory, late secretory, transition, pre-absorptive, early 

maturation, and late maturation stages as shown in Figure 1-4 (Lacruz et al., 

2017). 
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Figure 1-4 Schematic illustration in the development cycle of ameloblasts of 

the various functional stages as would occur in a human tooth.1, 

Morphogenetic stage; 2, histodifferentiation stage; 3, initial secretory stage 

(no Tomes’ process); 4, secretory stage (Tomes’ process); 5, ruffle-ended 

ameloblast of the maturation stage; 6, smooth-ended ameloblast of the 

maturation stage; 7, protective stage (Nanci, 2017). 
 
 

Pre secretory stage 
 

This phase is also recognized as the inductive phase where ameloblast 

morphodifferentiation occurs. The IEE differentiates during the bell phase of 

tooth formation to form the enamel forming cell identified as the ameloblast. 

The ameloblast cells became first cuboidal then differentiate into columnar 

cells which are basically the pre-ameloblasts. After the modification in the IEE, 

the dental papilla nearby the mesenchymal cells begin to distinguish into 

odontoblasts. Next, the basal lamina dividing the two cells which then 

collapses when the first dentine layer is laid down and generates a signal for 

the ameloblast to start secretion (Berkovitz et al., 2017). 
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Secretory stage 
 

The method of amelogenesis starts first at the secretory phase, which includes 

the secretion of enamel matrix proteins such as amelogenin, ameloblastin and 

enamel crystals through ameloblasts. The secretory ameloblasts developed 

from the pre-ameloblasts by tall columnar cells and Tome’s process. At this 

point, most of the enamel’s density and quantity is finished (Lacruz et al., 

2017). “Tome’s process” forms at the apical secretory end of the ameloblast 

after the deposition of the first, thin and a prismatic tissue, which is a cone 

shaped or pyramidal shaped process. The Tomes processes form is essential 

for the development of the enamel prisms framework (Berkovitz et al., 2017). 

 
The initial hydroxyapatite crystallites are thin needle like and smaller than the 

crystallites found in mature enamel. Enamel crystallites grow parallel to the 

ameloblast’s distal surface, with each crystallite emerging as flattened 

hexagons when examined in cross section. A single prism is formed by four 

ameloblasts, and every ameloblast is part of the four prisms development 

(Berkovitz et al., 2017). 
 

Transition stage 
 

The first enamel matrix laid down during the secretory phase has elevated 

water and protein level, but low mineral content which is more permeable 

(Slavkin and Bavetta, 2017). In the transition stage, the ameloblasts decrease 

the secretion of their enamel proteins and generate a protease that 

deteriorates and promotes the removal of the organic matrix from the 

extracellular compartment. These modifications speed up the development of 

enamel crystallites in size and end their length development as part of the 

maturation phase which makes a significant contribution to enamel hardness 

(Hu et al., 2007, Lacruz et al., 2017). The transition of this immature enamel to 

the well mineralized enamel is considered maturation (Robinson et al., 1995). 
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Maturation stage 
 

The transition and maturation start after the enamel layer’s complete thickness 

is determined (Ruan and Moradian-Oldak, 2015). Enamel crystallites continue 

to develop and expand in width and thickness. The ameloblast exhibits 

ultrastructural alterations as the Tomes process collapses and the inner 

structure is completely reorganized and the length decreased by half (Ruan and 

Moradian-Oldak, 2015). These cells are striated or have a ruffled boundary 

under the microscope. These indications that the ameloblasts have altered their 

role from manufacturing to transportation, as in the secretory phase. Ameloblast 

transfer calcium, phosphate, and carbonate ions into the matrix and extract 

water and debased enamel matrix protein. Generally, mineral content of 

enamel increases suddenly at the start of maturation owing to the absorption of 

mineral ions by quantity of up to 95 percent mineral (Robinson et al., 1995). 

 
Mineralization of enamel does not occur evenly; in denser enamel, the outer 

layer is often more mineralized particularly in comparison to the inner layer. 

Once development is completed, ameloblast with remnant of the enamel organ 

composes the Reduced enamel epithelium (REE). Enamel mineralization 

occurs only once, when the tooth erupts into the oral cavity the ameloblasts 

are shed in the REE; therefore, the formation of enamel is finalized after 

amelogenesis. The ameloblast cells have limited repair capacity, so any 

disruption during the mineralization of enamel may lead to permanent 

discoloration or inadequate formation of the enamel layer as the mineralization 

mechanism of enamel is delicate and takes place over a long period of time 

(Pinkham et al., 2005). 
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1.3. Properties of Enamel 
 

Physical properties 
 

Colour 
 

The ordinary enamel colour ranges from light yellow to greyish white that emits 

photons in varying angles because of the crystalline material of enamel. 

Immature enamel hue is white, even though light penetrates it easily, with 

almost all of it reflected without absorption. This tends to result in minimum 

subsurface scattering and white colour. Tooth colour is influenced by the 

incorporation of intrinsic shade and the existence of extrinsic stains which may 

build up on the surface of the tooth (Joiner and Luo, 2017). Dispersion and 

absorption of light within enamel and dentine result in the inherent colour of 

the teeth and since the enamel is comparatively transparent, the 

characteristics of dentine can play a significant part in ascertaining the general 

colour of the tooth (Joiner, 2004). 

 
The colour does have a slightly blue tone at the edges of the teeth in which 

there is no dentine surrounding the enamel. Because enamel is semi 

translucent, the dentine colour and any material beneath enamel heavily 

influences a tooth’s appearance. The white colour of enamel in the primary 

teeth as it has a much opaquer crystalline shape than permanent teeth. 

Enamel translucency rises with era and some of the underlying dentine’s 

colour is then transferred which results in a yellow appearance (Berkovitz et 

al., 2009). Kim et al. used a Vita Easyshade spectrophotometer of 604 teeth 

of U.S. children aged 2 to 5 years and he concluded the most common shades 

are A1 (46%), A2 (25%) and B1 (11%) for the primary teeth (Kim et al., 2007). 

 
The gradient of mineral density in hypomineralized enamel lesions with 

maximum density at the dentino-enamel junction (DEJ) and poorest density 

towards the surface, which is the reverse of normal enamel, explains why the 

colour is changed by mineralized enamel (Garot et al., 2017). 
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Hardness 
 
 

Enamel is the body’s hardest and most mineralized biological tissue. It can 

resist the forces of shear and shock when two or more bodies collide over a 

short period of time. In the harsh environment of the oral cavity, enamel also 

suffers from intense PH and temperature fluctuations within the human body, 

It can withstand 100s of masticatory cycles with biting forces of up to 770 N 

(Gordon et al., 2015, Beniash et al., 2019). It also has a high resistance to 

abrasion to restrict wear. These characteristics are very significant because 

enamel cannot be repaired or replaced (Berkovitz et al., 2009). Hardness of 

enamel has been one of the mechanical characteristics most commonly 

studied. Knoop hardness number (KHN) or `Vickers hardness number (VHN) 

recorded the values of enamel hardness based on the technique used (there 

were no significant variations in the value acquired from both techniques 

(Gutierrez-Salazar and Reyes-Gasga, 2001)). 

 
Normal values of enamel hardness in permanent teeth ranges between 3.1 – 

4.7 gigapascals (GPa) with an elasticity module between 62.06 – 95.77 GPa 

(Mahoney et al., 2004). One research used atomic force microscopy (AFM) 

and nano-indentation methods to check the composition of a single enamel 

prism / rod in third permanent molars. The average hardness was 3.9 and 3.3 

GPa when analyzed perpendicular to the glass plates (Habelitz et al., 2001). 

 
The outer surface of enamel to the enamel dentinal junction enamel hardness 

remains constant (Gutiérrez-Salazar and Reyes-Gasga, 2003). Research 

combining Vickers indentation and SEM showed the variations in the 

mechanical characteristics of enamel effectively (Xu et al., 1998). Fragrell et 

al. used the electronic micro hardness tester equipped with a Vickers diamond 

to assess the enamel hardness of normal and hypomineralized teeth on the 

surface of enamel. The study revealed that the average value of the enamel 

hardness in ordinary teeth was more than two times greater than the VHN 
350.7 and 144.3 in hypomineralized enamel (Fagrell et al., 2010). 
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Reduced mineral content and/or increased organic content cause 

hypomineralized enamel to show reduction in hardness and elasticity, resulting 

from increased porosity and a continuously disorganized prism structure when 

compared to normal enamel (Mahoney et al., 2004, Farah et al., 2008). 

 
Classic crystals in mature enamel are approximately 50 nm wide (26 nm x 63 

nm as shown by Daculsi and Kere bel 18) and longer than 10 μm (Beniash et 

al., 2019). The mechanical characteristics of single enamel rods could not be 

measured by any of the above techniques (Habelitz et al., 2001). 
 

Microstructure 
 

Calcium hydroxyapatite is the main mineral element of enamel. It is made up 

of cross section crystallites that are hexagonal in shape. Hundreds of 

thousands of crystallites make up the enamel rod, the fundamental enamel 

structural unit. The crystallite size is approximately 70 ñm in width, 25 ñm 

dense, and extends to the entire tissue length. Enamel rods extend from the 

EDJ to the surface. The enamel rods appear as keyhole structures in cross 

section, with head pointing occlusally and the tail cervically. The crystallites 

run parallel to the prim’s long axis in the rod head (Berkovitz et al., 2009). 
 

Chemical properties 
 

Enamel is the body’s most mineralized tissue, creating a very strong, thin, 

transparent layer of calcified tissue covering the surface of the tooth’s 

anatomical crown. It is known that carbonate ions in hydroxyapatite can 

substitute phosphate or hydroxyl ions. The proportion of magnesium and 

carbonate is comparatively large during the secretory phase of amelogenesis. 

It may have to do with less ordered immature crystallites, and with more foreign 

products. The incorporation of “carbonatoapatites” in the carbonate structure 

tends to generate less stable apatite (Kunin et al., 2015). 

 
Fluoride is also included in fluorapatite forming hydroxyapatite crystallites. 

Fluorides can improve the composition of crystallite to be more orderly (Kunin 

et al., 2015). As secretion progresses, carbonate, magnesium, and fluoride 
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concentrations fall into the transitional phase. The crystallites are growing and 

there is clear evidence that the mineral content is increasing. The inorganic 

content of the enamel increases at the maturation phase relative to the matrix 

structure (Robinson et al., 1995). The remaining tissues are water and organic 

material. Water presence relates to tissue porosity that can appear between 

the crystal and surround the organic compounds. 
 

Developmental defects of enamel 
 

Visible deviation from the standard translucent appearance of tooth enamel 

due to enamel organ dysfunction can affect the primary and permanent 

dentition (Correa-Faria et al., 2013). Enamel defects have been correlated with 

a wide range of aetiologies including systemic, local, and environmental 

variables. Studies have shown that systemic conditions such as perinatal, 

prenatal, postnatal disease, low birth weight, periodic antibiotic use, coeliac 

disease, and respiratory illnesses are linked to enamel defects (Visweswar et 

al., 2012). Narang et al. noted high correlation between asthma and 

developmental enamel defect in permanent dentition (Narang et al., 2003). 

 
Developmental defects of enamel (DDE) may be categorized into two main 

types: hypomineralization or hypoplasia of enamel. Hypomineralization (also 

called opacity) is a qualitative enamel defect that arises as a defect in enamel’s 

translucency which is clinically presented as enamel opacity, either 

demarcated or diffuse. hypoplasia is quantitative resulting in deficient enamel 

density in both primary and permanent dentitions (Jälevik et al., 2001). 

Epidemiological studies indicate that the prevalence of these enamel defect 

appears to be increasing in practically all demographics, highlighting their 

clinical significance and value for public health projects. Studies have found 

that DDE incidence in developed countries and ranges from 24-49% in primary 

and 9-63% in the permanent dentitions (Seow et al., 2011) 

 
Different indices have been suggested over the previous years to measure 

enamel defects including fluorosis. These indices can be split into two primary 

classifications: specifically, fluorosis indices and descriptive indices that include 
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all forms of defects (Clarkson and O'mullane, 1989). Dean’s Index, Tooth 

Surface fluorosis Index and Thylstrup and Fejeskov Fluorosis Index are the 

most popular indices to define enamel fluorosis. However, because of the 

difficulty in distinguishing between fluoride and non-fluoride enamel defects 

this led to the design of a second set of indices that include all kinds of enamel 

defects. These indicators, however, were descriptive in origin, which caused 

further confusion. A world Dental Federation Commission Working Group on 

Oral Health Research and Epidemiology was created to overcome these 

disadvantages. A descriptive index entitled “The Developmental Defect of 

Enamel” (DDE) index was suggested by the group. The modified index defines 

the enamel defect in terms of type, number, demarcation, and location of the 

defects Table 1-1 (Clarkson and O'mullane, 1989). 
 
 

Categories Code 

Normal 0 
Demarcated opacities:  

white/cream 1 
yellow/brown 2 

Diffuse opacities  

'' — Lines 3 
''— Patchy 4 
''— Confluent 5 
Confluent/patchy + staining + loss of 
enamel 6 
Hypoplasia  
Pits 7 

Missing enamel 8 
Any other defects 9 
Extent of Defect  
Normal 0 

< 1/3 1 
at least 1/3 >2/3 2 
at least 2/3 3 

 
 

Table 1-1 modified DDE index (Clarkson, 1989) 
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1.4. Amelogenesis Imperfecta 
 

Amelogenesis Imperfecta (AI) is a group of conditions, genomic in origin, that 

affect the enamel structure and clinical appearance of all or almost all the teeth 

and can be associated with morphological and biochemical changes 

elsewhere in the body (Crawford et al., 2007b). Almost 85 inherited conditions 

may affect the formation of enamel, but AI is the most prevalent condition 

affecting the quantity and quality of enamel in the absence of other 

developmental characteristics (Wright et al., 2011). 
 

Epidemiology of AI 
 

Prevalence rates vary widely from 1:14,000 in the US to 1:700 in Sweden 

depending on the population (Smith et al., 2017). A Swedish study found that 

63% of patients were autosomal dominant, while another Middle East study 

found that autosomal recessive AI was the most common type (Ranganath et 

al., 2010). 
 

Aetiology of AI 
 

AI is an enamel developmental defect that may be autosomal, autosomal 

recessive, x-lined or irregular during inheritance (Crawford et al., 2007b). 

Mutation in the following genes was associated with AI, amelogenin (AMELX), 

kallikrein (KLK4), sequence like family 83, member H (FAM83H), enamelysin 

(MMP20), WD 72 (WDR72), and three other possible genes (ANABN), tuftelin 

(TUFT1), enamelin (ENAM) and homeobox protein DLX-3 (DLX3). Although 

such genes are known to code for proteins released in the enamel matrix, 

around 25% of AI patients have only found a condition that causes mutation. 

The aetiology of AI includes more genes that need to be identified and studied 

(Hu and Simmer, 2007). While there is an understanding of the genes involved 

in AI, the way the phenotypic manifests remain limited. At least 18 genes have 

been identified as having mutations that can trigger AI, and of 192 distinct 

variants of AI genes have been published in the literature (Smith et al., 2017). 
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The expression of Ameloblastin (AMBN: MIM *601259) for every inherited 

condition described in Mendelian Inheritance in Man (MIM); is assigned a 6-

digit number, clinical geneticist across the globe have given these numbers as 

numerical taxonomic system for hereditary disease (Amberger et al., 2015). This 

gene was first observed in the enamel organ and, after amelogenin, is the 

second most abundant matrix protein of enamel known to play a key role in 

enamel formation (Smith, 1998). By mediating cell growth, migration, 

differentiation, apoptosis, and gene expression, the extracellular matrix plays 

an important role in tissue growth and homoeostasis (Damsky and Werb, 

1992). AMBN is believed to be involved in the enamel extracellular matrix 

(ameloblast attachment) to the underlying enamel matrix and in enamel crystal 

growth modulation and it is already known that mutations in this gene cause 

AI (Rajpar et al., 2001). 

 
Disturbances in the development of enamel can occur at different stages, 

resulting in a different clinical presentation from one individual to another. 

Hypoplastic enamel is caused by faults in the amelogenesis secretory stage 

where there is a lack of appositional development. Hypomature enamel 

appears when there is no complete removal of the organic matrix that 

separates enamel crystallites and typically breaks down during enamel 

formation. There are more prominent errors in the mineralization of the enamel 

in the hypocalcified form of enamel, resulting in a much softer surface (Hu et 

al., 2007). 

 
Classification of AI 

 
 

AI was classified into four groups with at least 15 subtypes based on the normal 

amelogenesis process and its clinical manifestations (Patel et al., 2013). The 

history of classification of AI since 1945 to 2003 is shown in Table 1-2. Some 

were solely based on phenotypes, while others used phenotype as a primary 

and mode of inheritance as a secondary discriminant. The variety of 

classification based only on phenotype could be perplexing, and it is not 

usually feasible to cross reference among the different subtypes employed 

(Crawford et al., 2007a). The three major types of AI are associated with 
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defects in the process of enamel synthesis as illustrated in Figure 1-5. When 

there is a defect in the enamel matrix in the hypoplastic form, the enamel does 

not have the usual thickness; it is thin, or cavities are found in localized or 

generalized areas due to apposition defects. The enamel’s radio-opacity is 

considerably higher than the dentin (Anitha et al., 2018, Roma and Hegde, 

2016). 

 
Enamel is of normal thickness in the hypocalcified form, but there is defective 

matrix mineralization, with irregular enucleation and mineralization of prism or 

rod crystals, resulting in soft enamel that is easily removed with an instrument. 

In these situations, the enamel has lower transparency than the dentin (Anitha 

et al., 2018, Roma and Hegde, 2016). 

 
While the enamel is of normal thickness in the hypomature form, it’s the 

hardness and opacity that are unusual. During the maturation phase, there is 

a deficiency in the growth of crystals because proteins are not entirely 

removed. In these conditions, the enamel radio opacity is about the same as 

the dentin (Urzúa et al., 2011, Anitha et al., 2018, Roma and Hegde, 2016). 
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Figure 1-5 illustration of three basic types of Amelogenesis Imperfecta 
 

 
 

   
Deposition of matrix Matrix maturation Matrix mineralization 

 

  
Type I – Hypoplastic AI 

o Inadequate deposition of 
enamel 

o Enamel present is normal 

Type II – Hypomature AI 
o Adequate deposition and 

mineralization 
o Inadequate maturation of 

crystallites 

Type III – Hypocalcified AI 
o Initially normal 

thickness of enamel 
o Rapidly lost during 

function 
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Table 1-2 Classification systems applied to amelogenesis Imperfecta (Aldred et al., 2003, Crawford et al., 2007a) 
 

Weinman et al., 1945 Two types based solely on phenotype: hypoplastic and hypocalcified 

Darling, 1956 Five phenotypes based on clinical, micro-radiographic and histopathological 
findings. Hypoplastic 
Group 1 – generalized pitting 
Group2 – vertical grooves (now known to be X-linked AI) 
Group 3 – Generalized hypoplasia 
Hypocalcified 
Type 4A – chalky, yellow, brown enamel 
Type 4B – marked enamel discoloration and softness with post-eruptive loss of enamel Type 
5 – generalized or localized discoloration and chipping of enamel 

Witkop, 1957 Classification based primarily on phenotype. 5 types: 
1. Hypoplastic 
2. Hypocalcification 
3. Hypomaturation 
4. Pigmented hypomaturation 

5. Local hypoplasia 
Added mode of inheritance as further means of delineating cases. 

Schulze, 1970 Classification based on phenotype and mode of inheritance. 

Witkop and Rao, 1971 Classification based on phenotype and mode of inheritance. Three broad categories: hypoplastic, hypocalcified, hypomaturation. 
a. Hypoplastic 
Autosomal dominant hypoplastic-hypomaturation with taurodontism (subdivided into a and b according to author) 
Autosomal dominant smooth hypoplastic with eruption defect and resorption of teeth 
Autosomal dominant rough hypoplastic 
Autosomal dominant pitted hypoplastic 
Autosomal dominant local hypoplastic X-linked dominant rough 
hypoplastic 
b. Hypocalcified 
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Winter and Brook, 
1975 

Classification based primarily on phenotype. Four main categories: hypoplasia, hypocalcification, hypomaturation, hypomaturation- 
hypoplasia with taurodontism, with mode of inheritance as a secondary means of sub-classification. 
a. Hypoplasia 
Type I. Autosomal dominant thin and smooth hypoplasia with eruption defect and resorption of teeth 
Type II. Autosomal dominant thin and rough hypoplasia 
Type III. Autosomal dominant randomly pitted hypoplasia 
Type IV. Autosomal dominant localized hypoplasia Type V. X-linked 
dominant rough hypoplasia 
b. Hypocalcification 

Autosomal dominant hypocalcification 
c. Hypomaturation 
Type I. X-linked recessive hypomaturation 
Type II. Autosomal recessive pigmented hypomaturation 
Type III. Snow-capped teeth 
d. Hypomaturation-hypoplasia with taurodontism 
Type I. Autosomal dominant smooth hypomaturation with occasional hypoplastic pits and taurodontism 
Type II. Autosomal dominant smooth hypomaturation with thin hypoplasia and taurodontism 

 
Witkop and Sauk, 
1976 

 
Classification based on phenotype and mode of inheritance, similar to classification of Witkop and Rao (1971) 

 
 
 
Sundell and 
Koch, 1985 

Classification based solely on phenotype 
1. Hypoplastic 
1.1 Rough 
1.1.1 Basic form 
1.12 Thin enamel 
1.1.3 Pitted basic form 
1.1.3.1 pitted thin 
1.1.3.2 pitted with horizontal grooves 
1.1.3.3 pitted with vertical grooves 
1.1.5 Unspecified appearance 

Autosomal dominant hypocalcified 
c. Hypomaturation 
X-linked recessive hypomaturation 
Autosomal recessive pigmented hypomaturation 
Autosomal dominant snow-capped teeth White hypomature spots 
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1.2 Smooth 

1.2.1 Thin enamel 
2. Hypomineralized 

2.1 Hypomaturated 
2.1.1 localized opacities 
2.1.2 Generalized opacities 

2.2 Hypocalcified 
2.2.1 Localized or generalized 

Witkop, 1988 Four major categories based primarily on phenotype (hypoplastic, hypomaturation, hypocalcified, hypomaturation-hypoplastic with taurodontism) subdivided into 15 
subtypes by phenotype and secondarily by mode of inheritance. 
Type I. Hypoplastic 
Type IA. Hypoplastic pitted autosomal dominant 
Type IB. Hypoplastic, local autosomal dominant 
Type IC. Hypoplastic, local autosomal recessive 
Type ID. Hypoplastic, smooth autosomal dominant 
Type IE. Hypoplastic, smooth X-linked dominant 
Type IF. Hypoplastic, rough autosomal dominant 
Type IG. Enamel agenesis, autosomal recessive 
Type II. Hypomaturation 
Type IIA. Hypomaturation, pigmented autosomal recessive 
Type IIB. Hypomaturation, X-linked recessive 
Type IIC. Hypomaturation, snow-capped teeth, X-linked 
Type IID. Hypomaturation, snow-capped teeth, autosomal dominant? 
Type III. Hypocalcified 
Type IIIA. Autosomal dominant 
Type IIIB. Autosomal recessive 
Type IV. Hypomaturation-hypoplastic with taurodontism 
Type IVA. Hypomaturation-hypoplastic with taurodontism, autosomal dominant 
Type IVB. Hypoplastic-hypomaturation with taurodontism, autosomal dominant 

Aldred and 
Crawford, 1995 

Classification based on: 
 

Molecular defect (when known) 
Biochemical result (when known) 
Mode of inheritance 
Phenotype 
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Hart et al., 2002 Proposed a molecular defect sub classification of the AMELX conditions 

1.1 Genomic DNA sequence 
1.2 cDNA sequence 
1.3 Amino acid sequence 
1.4 Nucleotide and amino-acid sequences 
1.5 AMELX mutations described to date 

Aldred et al., 
2003 

Classification based on: 
Mode of inheritance 
Phenotype – Clinical and Radiographic 
Molecular defect (when known) 
Biochemical result (when known) 

 

Table 1-3 Classification systems applied to amelogenesis Imperfecta continued (Aldred et al., 2003, Crawford et al., 2007a) 
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Phenotypic classification has been shown to inaccurate and recent genetic 

studies have shown that many people within a particular family have common 

genetic mutation, categorized according to their phenotype (Aldred et al., 

2003). 

In 2003, Aldred proposed a new classification according to inheritance mode 

as a primary mode and phenotype as the secondary mode. It is supposed to 

lead to a better understanding of how genotype contributes to the actual 

“functional genomic “phenotype (Aldred et al., 2003). 
 

Types of AI 

During amelogenesis phase, ameloblasts depends on various genes found 

also in other tissues, such as Laminin- 332 and type XVII collagen. Those 

genes generally cause syndromes that involve enamel defects. Non syndromic 

AI is caused by genes that are functionally specific for enamel tooth formation 

such as AMELX, ENAM, FAM83H, WDR72, KLK4 and MMP20 which make up 

roughly 50% of all AI cases (Chan et al., 2011). The following are description 

of mode of inheritance as primary and basic phenotypes as secondary 

discriminant: 
 

Autosomal Dominant AI (ADAI) 
 

In every family generation, ADAI usually affects one or more individuals 

(Wright et al., 2011). The most reported form of AI is autosomal dominant AI. 

The most direct gene is ENAM (4q13), the highest and least abundant protein 

in the enamel matrix, which is 3-5%, also, mutation in FAM83H and the 

remaining are of unknown aetiology (Urzúa et al., 2011). Autosomal dominant 

hypocalcified AI (OMIM: #130900) is caused by FAM83H mutations and has a 

unique enamel phenotype. The enamel is poorly mineralized and cheesy 

brown in colour at the time of eruption. On the other hand, mutations in ENAM 

gene are dose dependent which result in local hypoplastic AI (OMIM: # 

104500) showing partially thin enamel or complete absence of enamel when 

both alleles are defected as shown in Figure 1-6 (Simmer et al., 2013). Even 

though there is only one ENAM allele, the hypoplastic enamel sometimes 
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shows a horizontal groove as a result of stopping the synthesis of protein from 

the allele (Wright, 2006). 
 
 

Figure 1-6 Autosomal dominant Hypoplastic AI characteristics of ENAM 
mutation in 6 years old boy (Simmer et al., 2013). 

 
 

In the ENAM gene, nine mutations were identified. Evidence of one DLX3 

mutation also correlated with taurodontism, and 6 mutations are identified with 

the FAM83H gene (Kim et al., 2008). They belong to different ethnic 

backgrounds and such mutations are found in the gene exon5 (Urzúa et al., 

2011). 

 
hypocalcified AI that may acquire autosomal dominant and/or autosomal 

recessive. In Caucasian and Negroid races, hypocalcified AI can be seen. 

North America is the most prevalent hypocalcified AI nation (Wright et al., 

2011). 

 
Autosomal recessive AI (ARAI) 

 
Autosomal recessive AI (ARAI) is considered if it was known consanguineous 

marriage in family with patient affected with AI. Autosomal recessive AI is 

caused by a mutation in several genes such as enamelysin (MMP20, 11q22.3), 

Kallikrein 4 (KLK4, 19q13.41), ENAM, and WRD72. Clinically known to be 

hypomature pigmented AI phenotypes (Urzúa et al., 2011, Volodarsky et al., 

2015). 
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X-Linked AI 
 

X-linked AI occurs in five percent of all AI cases due to the X-chromosome 

mutation of the amelogenin gene found at the Xp22.1-p22.3 chromosome 

corresponding to the amelogenin locus (AMELX) Figure 1-6. The X 

chromosome in the Xq24-q27.1 zone has genetic evidence for a second AI 

locus (Urzua et al, 2011). The Y chromosome (AMELY) contains a second 

amelogenin gene, but this gene is typically expressed at a low level and does 

not seem to stimulate AI. There is also a family case report showing a 

substantial relationship to another X linked related -Xq22- 28 (Wright, 2015). 

 
In early AI studies, the clinical variability in X-linked AI was noted. The 

heterogeneous AI phenotypes were associated with the position of the 

amelogenin protein mutations (i.e., signal peptide region, N-terminal region, or 

C-terminal region) and the function and expression effects of mutations (Duan 

et al., 2019). In the development of enamel, AMELX accounts for about 80-90 

percent of the protein and is the main extracellular protein matrix. It serves as 

an organic scaffold important for regulating enamel crystallite order and 

directional growth. Proteins of amelogenin are normally extracted to 

encourage normal enamel crystallites to develop and provide enamel that 

exceeds 95% in mineral content (Wright, 2015). 

 
The correlation of enamel defects with AMELX mutations in humans may 

clearly demonstrate the essential role of AMELX. Such mutations may lead to 

two separate phenotypes that most often overlap: hypoplasia due to enamel 

quantity deficiency or mineralization (hypomaturation) deficiencies. The broad 

range of AMELX related enamel phenotypes are caused by large deletions, 

signal peptide mutation or changes in different biological domains. In other 

words, the mutations of AMELX are complex, including mutations of deletion, 

violence, and nonsense. The presentations and extent of males and females 

affected dentition differ as affected males express the mutant X allele and 

females display a pattern of mosaic due to inactivation of the X chromosome. 

Affected males form a hypomature, yellowish, rough enamel from normal to 

very thin layers of enamel of different thicknesses. Because of X chromosome 
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inactivation, females with AMELX defects will have wither discolorations or 

vertical bands of hypoplasia, and lyonization is established (Wright, 2006, 

Berkman and Singer, 1971, Witkop Jr, 1967). The concept of lyonization states 

that one of the two X chromosomes is spontaneously inactivated early in 

development in female somatic cells. Heterozygous females will have mosaic 

patterns of different cell ratios in which only one of a common pair of alleles is 

involved. This will result in a phenotypic variation in x linked syndrome clinical 

expression (Patel et al., 1991, Witkop Jr, 1967, Berkman and Singer, 1971). 
 
 

 
Figure 1-7 Amelogenesis Imperfecta, X-linked dominant hypoplastic type 

(Odell, 2017) 

 
 

The clinical presentation and extent of AI can vary considerably between 

patients, and it is often difficult to diagnose the phenotype from clinical 

examination alone (Patel et al., 2013). 
 

Hypoplastic AI 
 

Hypoplastic AI occurs when there is inadequate enamel matrix and thus the 

thickness of the enamel surface is decreased (Cogulu et al., 2009, Adorno- 

Farias et al., 2019). The enamel that is produced is well mineralized, as some 
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areas of the enamel organ lack IEE cells, resulting in a deficiency of 

differentiation into ameloblast (Pinkham et al., 2005, Adorno-Farias et al., 

2019). Many forms of hypoplastic enamel involving, smooth, pitted, and rough 

(Figure). The enamel has a thin, hard, and rough surface in the rough 

hypoplastic form Figure 1-7. Teeth tend to be smaller in size without proximal 

contact and very thin or non-existence enamel areas resulting in sensitivity. In 

60% of cases, anterior open bite was also recorded (Rowley et al., 1982). 
 
 

 
Figure 1-8 Amelogenesis Imperfecta, hypoplastic pitted type (Odell, 2017) 

 
 

Hypocalcified AI 
 

Hypocalcified AI is attributed to a defect in the calcification stage of the 

formation of enamel, marked by regular enamel thickness but poor calcification 

of the matrix Figure 1-8 (Adorno-Farias et al., 2019). Clinically, in the incisal 

region the enamel is delicate and fragile and may be lost shortly after eruption, 

to leave the underlying dentine exposed, resulting in an unsightly appearance. 

The enamel has a soft texture and easily can be scraped away. Large 

quantities of supragingival calculus are accumulated on the teeth, often 

correlated with severe gingivitis or periodontitis (Winter and Brook, 1975, 

Roma and Hegde, 2016). 
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Figure 1-9 Amelogenesis Imperfecta, hypocalcified type (Odell, 2017) 
 
 

Hypomaturation AI 
 

Hypomature AI is identified by a normal thickness enamel but a reduced 

radiodensity and mineral content because of a mineralization deficiency in the 

amelogenesis maturation stage Figure 1-9 (Pinkham et al., 2005, Adorno- 

Farias et al., 2019). Clinically, the shape and size of the crowns is different, 

with a rougher, duller and less refractive surface than normal enamel, and they 

are more fragile because they tend to break or chip but do not seem more 

susceptible to caries (Kim et al., 2005, Roma and Hegde, 2016). KLK4 

mutations with affected teeth seem to have a homogeneous dark yellow colour, 

whereas teeth with MMP20 defects have uneven greyish brown discoloration 

and are shinier (Kim et al., 2005). 

 
 

Figure 1-10 Amelogenesis Imperfecta, hypomaturation type (Odell, 2017) 
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Hypoplastic / Hypomature AI with taurodontism 
 

The enamel with a yellow brown discoloration along with the pitting of the 

surfaces which appears mottled (Pinkham et al., 2005, Roma and Hegde, 

2016). Taurodontism can be described as variations in the shape of the tooth 

caused by Hertwig’s epithelial sheath diaphragm failure to invaginate at the 

correct horizontal point (Benazzi et al., 2015). The characteristic features are 

an expanded pulp space, apical displacement of the pulpal surface, and no 

restriction at the cement-enamel junction point. While permanent molars teeth 

are most frequently affected, this alteration is often seen, unilaterally or 

bilaterally, in both permanent or deciduous dentition and in any combination of 

teeth or quadrants (Dineshshankar et al., 2014) 
 

AI in primary dentition 
 

The clinical description of primary teeth may be equivalent to permanent 

dentition, although these teeth appear to be less affected. A study was 

conducted to investigate an AI family member of five generations. They noted 

that the primary exfoliated teeth also had a lack of enamel density, rough 

texture, and decreased consistency with enamel dentine and post eruptive 

breakdown (PEB) Figure 1-10 (Gjørup et al., 2009). 

 
Former research on the primary structure and composition of enamel affected 

by local hypoplastic autosomal dominant AI caused by an ENAM mutation, 

showed the presence of a ‘glass- like’ enamel rod with reduced antibody to 

ENAM protein (Shore et al., 2010). 

 
Another report revealed that a 4-year-old child had hypersensitivity to the teeth 

and was confirmed with AI. To eliminate the sensitivity and restore normal 

occlusion, full mouth rehabilitation of the primary molars with stainless steel 

crown and resin filled celluloid for the incisors resulted in better eating habits 

(de Souza-e-Silva et al., 2010). 
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Figure 1-11 The early stage of hypoplastic AI in primary dentition of 3-

year-old patient (Balian et al., 2017) 
 
 

Syndromes associated with AI 
 

There are multiple AI related syndromes because of changes in other parts of 

the body for example Trico – dento – osseous syndrome, Koklschutter (TONZ) 

syndrome, Nephrocalcinosis, Epidermolysis Bullosa (EB) and Cone red 

dystrophy (Jalili syndrome). 

 
In 1988, Jalili and Smith first documented the combination of recessively 

inherited cone rod dystrophy (CDR) and amelogenesis imperfecta (AI) (Parry 

et al., 2009, Jalili and Smith, 1988). (OMIM 120970) usually occurs 

predominant or equivalent loss of cone in childhood or early adulthood relative 

to rod photoreceptors, poor visual acuity, defects in colour vision, photophobia, 

and loss of visual field (Michaelides et al., 2006). CDR related mutation can be 

inherited as an autosomal dominant, autosomal recessive, or X-linked 

mutation. It is characterized clinically by irregular enamel for both primary and 

permanent dentitions, taurodont permanent molar teeth indicating deformity in 

dentine, vision impairment in infancy or early childhood, and vision loss in 

advanced age Figure 1-11. Nystagmus is the first medical symptom of an 

abnormal vision in the first few months of life (Parry et al., 2009). 
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The affected enamel is mineralized by only 50 percent in comparison to 

ordinary enamel and the enamel prisms have been concealed by an 

amorphous organic material close to the teeth affected with MMP20 and KLK4 

mutations in hypomaturation AI (Parry et al., 2009). 
 
 

 
Figure 1-12 Clinical features of Jalili syndrome (Parry et al., 2009). At A & B, 

primary and permanent dentition respectively. At G, Dental radiograph, there 

is no predicted distinct contrast between the comparatively more radio dense 

enamel dentine, which restricts visibility into the ratios of enamel to dentine. 
 
 

Diagnosis of AI 
 

The AI diagnostic process includes the exclusion of other triggers, including 

such environmental factors and chronological disruptions. The determination 

of a probable pattern of inheritance along with the description of a phenotype 

that excludes chronological disturbances should be carries out. Radiographs 

could also be valuable for detecting enamel hypoplasia and hypomineralization 

(Crawford et al., 2007b). 

 
It may be difficult to identify the enamel defect in AI teeth using the DDE index, 

as AI defects have various types; hypoplasia, hypocalcification and 
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hypomaturation. It has been shown that the Extended Enamel Defect Index 

(EDI) and Standardized image acquisition provide additional information 

regarding the phenotypic classification and enamel defect quantification in AI 

(Smith et al., 2009). The clinical diagnosis of AI can be assisted by asking the 

patient four questions as described by Crawford et al. as shown in Table 1-2. 

Questions to aid diagnosis of AI (Crawford et al., 2007a). Doing so, will help 

identify AI from other enamel defects, including fluorosis, which is known to be 

the most common differential diagnosis and can be difficult to differentiate from 

AI clinically (Patel et al., 2013). 
 

1. Has anyone else in the family had anything like this? 

 
2. Has there been anything in the patient’s medical history which might have 
caused sufficient metabolic disturbance to affect enamel formation? 

3. Are all the teeth affected in a similar manner? 

 
4. Is there a chronological distribution to the appearance to the defect? 

 
Table 1-4 Questions to aid diagnosis of AI (Crawford et al., 2007b) 

 
 
 

Radiographic assessment of AI 
 
 

Radiographic investigation of AI teeth can offer essential information about the 

enamel mineralization degree. Hypoplastic AI is characterized by a square 

crown, a thin radiopaque of enamel layer, thin or missing cusp and open 

contacts. In Hypomaturation type the enamel is of normal thickness but the 

density is similar to dentine depending on the severity of the case. The enamel 

density of hypocalcified AI is the lowest among all AI types (Wright et al., 1995). 

Also, other dental anomalies within AI include delay in eruption, crown 

resorption, taurodontism and pulp canal calcification were all have been 

observed frequently in hypoplastic AI (Collins et al., 1999). 
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Genetic Testing of AI 
 

Knowing the pattern of inheritance for AI cases, as well as providing genetic 

guidance and counselling specific to each patient, is a crucial element of care 

and diagnosis (Aldred and Crawford, 1995). There has been a considerable 

gain in understanding of the genetics of AI, with the finding of mutations in 

multiple genes that were not initially identified in AI patients. Similar genes 

have been shown to be implicated in many types of AI, allowing more 

understanding of the link between phenotype and genotype connection (Hart 

and Hart, 2009). 

 
The foundation of genetic started in 1990 with the project “The international 

Human Genome” and it was completed in 2003 which continues to be a 

remarkable scientific achievement. The purpose of this project was to compile 

the entire mapping of all human genes, which were estimated roughly to 

20,500 genes (Health, 2017). The advancement of genetic knowledge and 

technology has progressed to the point that it now applied in both medical and 

dental fields. 

The Online Mendelian Inheritance in Man database established in 1960 has 

been updated regularly, it contains information for over than 15 thousand 

genes as well as already identified Mendelian disorders. Clinicians and 

researchers are learning more about the aetiology and clinical implication of 

these genetic disorders. It can be applied on developing a prevention and 

therapeutic intervention strategies that target the aetiology of underlying 

disorder (Hart and Hart, 2009). 

 
The progress of genetics in healthcare and medicine has also resulted in 

advancements in the dental field. The literature recognizes the difficulties 

associated with genetic testing in dentistry (Eng et al., 2012). Dentists must be 

trained, competent and confident in order to determine if a genetic testing is 

required. They should have the capability to ensure that the results are 

correctly evaluated and handled; genetic guidance is an important part of this 

process (Eng et al., 2012). In terms of legal issues, patient’s confidentiality and 

the possibility of discrimination are highly important points for dental team 



53  

when considering genetic analysis. Obtaining vast volume of new genetic 

information for patients and their effect may have on other family members that 

may or may not be related to their dental care must be handled with caution 

and with strong ethical principles and legal standards (Gettig and Hart, 2003). 

In dental field, genetic testing or counselling is not usually performed on a 

regular basis for dental conditions. In the literatures, chorionic villous sampling 

might be used to detect if a baby has a genetic or chromosomal condition like 

x-linked hypohidrotic ectodermal dysplasia, some AI forms and hypodontia 

(Wright et al., 2003, Aldred et al., 2003). DNA found in saliva can be studied 

to identify a variety of disorders including AI. If AI genetic testing and other 

disorders is to be adopted, it is critical to understand what problems dentists 

may have in implementing it effectively to improve clinical treatment and how 

to avoid them. 

 
In the United Kingdom, with higher fees due to technological and clinical 

complexity, AI genetic testing could be done in three ways: Whole genome 

sequencing (WGS), Whole exome sequencing (WES) and targeted gene 

panel. The National Health Service (NHS) now offers genetic testing for AI 

patients (McDowall et al., 2018). The NHS has introduced a targeted 21 gene 

panel with mutations known to cause AI. This technique is likely to provide a 

negative outcome as not all genetic variants of AI have been discovered (Smith 

et al., 2017). It has been recognized that genetic information has the potential 

to improve AI treatment. Which would allow for a far more precise classification 

of AI and the application of this knowledge to inform patient comprehension 

and the geno-phenotype correlation (Aldred et al., 2003). 
 

Differential diagnosis of AI 
 
 

Chronological tooth formation disorders, localized tooth formation disorders 

and extrinsic tooth formation disorders should all be explored in the differential 

diagnosis. 

 
Dental fluorosis is the most prevalent differential diagnosis. Fluorosis can 

range from mild white flecking of enamel to diffuse white discoloration with 
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irregular, disfiguring areas of staining and hypoplasia. Clinically, fluorosis can 

show areas of horizontal white banding correlating to the times of higher 

fluoride consumption, with the effect of premolars and 2nd permanent molars 

could be spared (chronological distribution). A history will often reveal 

excessive fluoride intake in some of the patient, whether because of a behavior 

like eating toothpaste in childhood or as a result from consumption of a local 

water source (Chanmougananda et al., 2012). 

 
Chronological enamel hypoplasia is a similar pattern of findings that can occur 

for a variety of reasons throughout tooth development. These reasons can 

range from long term gastrointestinal distress like celiac disease, vitamin D 

deficiency rickets, to anti leukemic treatment and can be diagnosed based on 

the history and chronological distribution of bands a cross the crowns of the 

teeth (Chanmougananda et al., 2012, Fulton et al., 2020). 
 

Molar Incisor Hypomineralization (MIH) 
 
 

The term MIH to characterize the clinical manifestations of hypomineralized 

enamel due to systemic causes. The terms used to describe this condition like 

hypomineralized permanent first molars (FPM), idiopathic hypomineralization, 

dysmineralized FPM and cheese molars. MIH caused by a disturbance in 

amelogenesis during the transition and maturation stages (William et al., 

2006). 

 
The definition of MIH according to (Weerheijm et al., 2001) is “a qualitative 

defect of systematic origin of the enamel, involving one or more first permanent 

molar, which is frequently associated with affected incisors”. 

 
The prevalence varies depending on the country in which the survey was done. 

MIH was found to be prevalent in children from 2.8% in Hong Kong (CHO et 

al., 2008), 22% in Spain (Garcia‐Margarit et al., 2014) to 40% in Denmark and 

Brazil (Wogelius et al., 2008, Soviero et al., 2009). 
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The association between deciduous molar hypomineralization (DMH), which 

generally refers to the primary 2nd molar and MIH was discovered in a study, 

suggesting that DMH might be used as an indicator for MIH. According to the 

study, DMH is prevalent among young children in the Netherlands at a rate of 

9% (Elfrink et al., 2012). 

 
The cause of MIH is still unclear. However, there were several factors thought 

to cause MIH including environmental and genetics factors, as well as 

prenatal, perinatal, and postnatal factors (Butera et al., 2021). The first four 

years of life are crucial for the development of MIH, rather than only the first 

year (Sönmez et al., 2013). 

 
Hypomineralised enamel is characterized by an alteration in the translucency 

of the enamel (opacity), and the lesion in MIH is generally defined, as opposed 

to the diffuse opacities that are common in fluorosis (Weerheijm et al., 2001). 

Clinically, MIH affected enamel can range in colour from white to yellow/ 

brownish opacities. Even though MIH can affect several teeth, it is neither a 

chronological condition like tetracycline staining nor linear enamel hypoplasia. 

Equally, it does not affect the whole dentition as seen in amelogenesis 

imperfecta (Da COSTA‐SILVA et al., 2011). 
 
 

Management of AI 
 

Treatment for amelogenesis imperfecta affected patients differs from one 

individual to another based on their clinical presentation and taking into 

consideration the severity of AI type, age, and patient’s concerns. The primary 

aims of treatment to improve aesthetics of AI affected teeth, alleviate 

sensitivity, protect, and preserve the remaining tooth structure and improve 

masticatory function (Cogulu et al., 2009). A multidisciplinary strategy 

comprising a Paediatric dentist, Orthodontist and Prosthodontist is essential to 

attain those goals (Claman et al., 2003). 
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The care of an AI patient is a lifetime task. Therefore, a comprehensive 

management including immediate, intermediate, and long treatment plan 

should be available and guided by the paediatric dentist. The objective for 

young children with AI is to keep them engaged, motivated into adulthood, with 

appropriate oral hygiene habits and future treatment that is not hampered by 

previous dental treatment (Poulsen et al., 2008). In the current description of 

literature, there are many diverse AI management strategies. However, a weak 

evidence based for the management of AI present (Dashash et al., 2013). 

 
When contemplating a restorative plan for AI patients, it is crucial to remember 

that the best patient care considers the stage of dental development (Chen et 

al., 2013). In the early phases of treatment approaches, prevention must be 

incorporated with emphasis on good oral hygiene and motivational 

instructions. Managing dentine hypersensitivity at this stage will aid in the 

maintenance of good oral hygiene with desensitizing agents, topical fluoride 

varnish and or tooth mousse CCP_ACP (casein phosphor-peptide amorphous 

calcium phosphate) that promote remineralization. A thorough dietary analysis 

and guidance are also necessary. It is critical to emphasize to patients with AI 

entails a greater caries risk, and poor diet can affect their teeth. Any carious 

teeth should be treated as soon as possible; nevertheless, teeth with poor 

long-term prognosis that are not restorable should be assessed and 

considered for extraction. 

 
In primary teeth, anterior teeth can be restored with composite resin or 

polycarbonate crowns and preformed metal crowns for the deciduous molars 

(Crawford et al., 2007a). In the mixed and permanent dentition cast adhesive 

coping or prefabricated metal crowns can be used, and there is no consensus 

on which material is more superior (Zagdwon et al., 2003). 

 
Long term treatment plan for management of patient with AI as well as 

addressing each problem as it arises, have been recommended from the 

American Academy of Paediatric Dentistry in 2013. Managing young patients 

in particular may require more behavioral and motivational approaches. Other 

potential treatment available including bleaching, micro-abrasion, resin 
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infiltration composite direct or indirect, prosthetic, and orthodontic work 

(Council, 2013). 

 
The acceptance of direct composite restorations to restore both function and 

cosmetics with AI affected teeth has grown due to the continuous improvement 

of adhesive system. Direct composite restoration has several advantages over 

indirect restorations as it offers the benefit of not requiring complex laboratory 

procedures, its reversible and relatively consume less clinical time. Despite 

that when treating paediatric patient, indirect restorations are not 

recommended until the full development of clinical crown and gingival margins 

have matured. Whereas ceramic crowns, recession of direct composite 

restoration can be adjusted to the new gingival margin rather than replacing 

the whole coronal restoration (Sabatini and GUZMÁN‐ARMSTRONG, 2009). 

 
Challenges of AI management 

 
There are several obstacles that AI patients have that must be properly 

handled as part of their entire rehabilitation. Successful treatment planning and 

management should take those aspects into their consideration. Some of the 

most prevalent problems that AI patients face, as well as their causes are 

summarized in Table 1.5 
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Restorative challenges Causes 

Psychosocial problems Low 
self-esteem Reclusive and 
withdrawn 

Often due to being bullied at school as a child 

Poor oral hygiene Chronic 
gingivitis 

Patients avoid cleaning due to sensitivity Some 
avoid cleaning due to poor motivation as teeth are 
of a poor appearance 

Sensitivity 
Difficult to etch or clean 
teeth without LA 

Thin enamel Exposed dentine 

Caries Poor oral hygiene combined with thin enamel or 
hypomineralised enamel makes AI affected teeth 
more prone to rapid caries progression 

Discoloration Yellow dentine shining through thin enamel or may 
be complete lack of enamel 
Can be difficult to mask with conservative 
techniques 

Loss of occlusal vertical 
dimension or alveolar space 
Loss of interocclusal space 

Due to rapid tooth surface loss which may be 
compensated for by down growth of the maxillary 
complex 
Teeth trying to maintain opposing contacts 

 
Often require complex rehabilitation involving a 
reorganized approach and an increase in the 
occlusal vertical dimension 

Reduced inter root space Thin enamel or rapid loss of enamel post eruption 
results in teeth drifting closer together 
Risk of damage to adjacent teeth 
Difficult to prepare teeth for crowns and take 
impressions 

Large pulp to crown ratio Young teeth with large pulps. Lack of secondary 
dentine Increased risk of tooth losing vitality 

Gingival maturation resulting 
in exposure of restoration 
margin 

Occurs over a few months post full eruption of 
tooth 
If restoration placed too early, then margin 
may become visible after maturation. 
If lab made restoration, then it may need replacing 

Decreased bond strength of 
resin to enamel 

Higher protein content in AI affected enamel 
Results in abnormal etch pattern 
Etch pattern varies between phenotypes 
Different phenotypes can therefore give different 
bond strengths 

Bonding to dentine Due to rapid loss of enamel in some AI patients 
bonding to dentine is required 

 
Table 1-5 Summary of challenges and its causes in AI management (Patel et 

al., 2013) 
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1.5. Dental adhesives 
 

The manufacturing of resin based adhesive materials has facilitated countless 

improvements in the clinical care of dentistry. In 1948 the idea of dental 

adhesion was inaugurated in the practice of dentistry, when the first adhesive 

monomers were invented by the Swiss chemist Oskar Hagger (Hagger, 1948). 

In 1955, Buonocore issued an article “A simple method of increasing the 

adhesion of acrylic filling materials to enamel surfaces”. This paper considered 

as the base of adhesive in dentistry, specifically illustrated distinct methods of 

achieving bonding between the tooth and the filling material (Buonocore, 

1955). 

 
The use of resin materials to bond with tooth structure has altered the clinician’s 

capability and the concepts of tooth preparation, prosthodontic and orthodontic 

treatment. New adhesive materials increase the demand and the indications 

for the use of tooth-colored restorations. 
 

Concept of adhesion 
 
 

“Adhesion is a complex of physical and chemical mechanism that allows the 

attachment of one substrate to another” (Breschi et al., 2008a). An adhesive 

is a substance, often a viscous fluid, which binds together two compounds by 

solidifying and transmitting a pressure from one surface to the other. The 

measurement of the load bearing capacity of an adhesive joint is called the 

adhesive or adhesion strength (Akinmade and Nicholson, 1993). 

 
Four mechanisms of adhesion have been identified which are (Allen, 1993): 

1. Mechanical adhesion is adhesive interlocking with surface 

irregularities of the substratum. 

2.  Adsorption adhesion is a chemical interaction between both 

the bond and the adherent, through the primary force by ionic 

and covalent or secondary force by the hydrogen bond, dipole 

reaction or the Vander Waals valence force. 



60  

3. Diffusion adhesion is the interlocking of mobile molecules, 

including the adhesion of two polymers by polymer chain 

diffusion, ends at the interface. 

4. Electrostatic adhesion is double electric layer across the metal 

interface with a polymer portion of the overall bonding process. 

 
 

In dental practice, the bonding of resin-based materials to the enamel and 

dentine results from four mechanisms (Manuja et al., 2012): 

a. Mechanical through resin diffusion and resin tag formation within the 

tooth structure. 

b. Adsorption - chemical bonding of tooth structure to the inorganic 

component hydroxyapatite or the organic component which is 

primarily type I collagen. 

c. Diffusion – deposits of substances on tooth surface to which resin 

monomers bind mechanically or chemically. 

d. A combination of a, b, and c mechanisms. 
 
 

For effective adhesion, there must be adequately close contact between the 

adhesive and enamel or dentine. The adhesive surface tension should be less 

than the substrate surface energy. Adhesive contact failures arise from three 

sites that are usually integrated when an actual failure happens: cohesive 

substrate failure, cohesive adhesive failure and failure of adhesive or substrate 

and the interface between them both (Ebnesajjad and Landrock, 2014). 
 

Advantages of adhesion 
 

Mechanical bonds are vastly inferior to adhesive bonds as they generate 

higher concentrations of stress and cannot completely exploit the adhesive 

properties. Nonetheless, adhesive bonds require substantially greater areas to 

bear the same load as mechanical bonds. Bonding agents are polymeric 

materials that can be applied without force, enabling the placement of fragile 

materials such as ceramics to be placed which cannot be attached with 

mechanical loading (Pocius, 2012). There are several other benefits of 
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adhesive bonds over mechanical, including fatigue resistant, better absorption 

of shock and vibration, possible to bond on different materials (Van Landuyt et 

al., 2007). 

 
Prerequisites of good adhesion 

 
i. One of the key elements for good adhesive bonds is for the surface to 

be clean and therefore in a high energy condition. Water films, organic 

particles and biofilms are often present and interfere with wetting and 

spreading during the clinical scenarios. They are not reversible by 

brushing the tooth with dentifrices alone. Teeth primed for dental 

restoration procedures contain low energy surfaces due to residues and 

smear deposits that are left on the surface (Baier, 1992). 

 
 

ii. Surface roughness, wettability is improved through existence of micro- 

surface roughness for most restorative procedures. Wenzel equation 

described the relation between roughness and wettability. This equation 

suggests that wetting for contact angles below 90° is enhanced by 

surface roughness yet, declined for non-wetting surfaces with contact 

angles above than 90°. The effect of Wenzel has been approved for 

dental materials such as composites (Al‐Omari et al., 2001, Wenzel, 

1936). 

 
 

iii. High contact angle and good wetting: Wetting, which is reliant on 

surface tension, also plays a significant role in adhesion. The surface 

wettability of a liquid is defined by a droplet’s contact angle on the 

surface. Reduced contact angles (less than 90 degrees; wettable) 

induce beneficial wetting as the fluid can cover a wider surface area; 

greater angles (more than 90 degrees; unwettable) cause unfavorable 

wetting as the fluid can stay condensed on the surface Figure 1-12. The 

contact angle role theory (MALLOY et al.). A wettable surface is 

described as hydrophilic, and a non-wettable surface referred to as 
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hydrophobic. Due to the wetting and surface energies hypotheses, 

adhesion to enamel can be accomplished more readily than adherence 

to dentin. Enamel consists mainly of hydroxyapatite, which has a high 

energy surface; dentine also includes collagen and has low energy 

surface (Marshall et al., 2010). 
 

 
Figure 1-13 The contact angle role theory (MALLOY et al.) 

 
 

iv. Adhesives with low viscosity and sufficient flow: although the surface 

tension is ideal for contact, the adhesive usually requires to be low 

enough in viscosity and capable of adequate flow to disperse and adjust 

within the time allocated for application to the specifics of the adhering 

surface. For most adhesives, the nature of viscosity of dental materials 

in response to shear stress is pseudoplastic (shear stress rises as 

viscosity declines). Many adhesive systems need effective penetration 

into the rugged characteristics of small surfaces. The propensity to flow 

into spaces can be calculated according to a penetration coefficient 

(Anusavice et al., 2012, Fan et al., 1975). 

 
 

v. The adhesive separation phase: as the ability of hydrophilic and 

hydrophobic monomers to polymerize decreases, fluid movements from 
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dentine has increased, resulting in dilution and phase separation of 

adhesive solution. Water entanglement could also arise within the 

adhesive rich surface, negatively impacting adhesive polymerization 

and durability of the bond (Osorio et al., 2008). 

 
vi. Solidification of adhesives: dental procedures involving adhesive use 

are compromised by limited clear exposure to curing light. It is apparent 

that sufficient degree of conversion is required for appropriate 

adherence. Measuring the relative conversion of available double 

bonds during polymerization reactions is the most common measuring 

procedure. This approach only considers the content of the adhesive 

and not the bonding interface (Yang et al., 2019). 
 

Mechanism of adhesion 
 

There are two stages to this process, firstly the bonding process to enamel and 

dentine is simply an interchange process comprising the substitution between 

the resin monomers and calcium phosphate minerals separated from dental 

hard tissue. These monomers are interlocked micromechanically in the 

porosities formed during setting. In the second stage the key mechanisms of 

micromechanical retention include diffusion and capillarity, this method is 

called microscopic hybridization (Van Meerbeek et al., 2003). 
 

Enamel adhesion 

After the implementation of the acid etch technique in dentistry by Buonocore, 

several researchers have tried to accomplish efficient and long-lasting 

adhesion methods between resins and the tooth structure. 

Acid etching converts the smooth enamel into an irregular surface and raises 

free energy from its surface. When a liquid resin based material or adhesive 

mixture is spread to the irregular etched surface, the resin penetrates the 

surface’s micro-porosities, facilitated by capillary action. Monomer in the resin 

material polymerize, and the material gets mechanically interlocked with 

surface of the enamel. The key mechanism of resin enamel adhesion is the 
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creation of resin micro-tags inside the enamel surface (Breschi et al., 2008b, 

Suppa et al., 2005). 

 
Three different micromorphological patterns result from enamel etching Figure 

1-13. The type I etching pattern is accomplished by partial dissolution of prism 

core without dissolving the prism peripheries. The pattern of type II etching in 

contrary to type I as dissolution of enamel in the peripheries while the cores 

remain intact. The etching in type III pattern is a more random and less distinct 

than the other types, in which it involves surrounding areas of enamel surface 

resemble to Type I and Type II, and other areas show prism morphology free 

patterns (Silverstone et al., 1975). 

 

 

 
Figure 1-14 Scanning electron microscope: a, b, c showing Type I, II, III etching 

pattern respectively, of etched enamel with 35% phosphoric acid for 15s 

(Silverstone et al., 1975). 

a b 

c 
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Etching tooth surface with an acidic medium is a standard clinical procedure 

that leads to the demineralization of the superficial enamel and dentine layers. 

To achieve this, several acids have been suggested, phosphoric (10 – 50%), 

fluoridated phosphoric, pyruvic, citric, maleic, oxalic, tannic, 

ethylenediaminetetraacetic, tricholracetic and polyacrylic acids (Bajraktarova- 

Valjakova et al., 2018). The acid solution pH and pKa are essential parameters 

that affects the aggressiveness and capacity of acids to demineralize tooth 

surface. A further significant factor is the physical state of the solution (gel or 

liquid). Gel type etching are simpler to handle on the enamel surface than liquid 

types and demonstrate broader and deeper penetration of the enamel 

(Baharav et al., 1988). A continuous brushing technique the better it defines 

the etched pattern during the application of etchant, thus enhancing the 

marginal adaptation of the resin restoration (Ben-Amar et al., 1988). 
 

Dentin adhesion 
 

Bonding to dentine has been a huge challenge since the acid etching 

technique was implemented almost five decades ago. Interaction of adhesive 

materials with dentine can be in various ways which are mechanically, 

chemically, or both (Yoshida and Inoue, 2012). The value of micromechanical 

bonding has been acknowledged, identical to what happens in the enamel 

bonding. Dentine adhesion mainly depends on the infiltration of adhesive 

monomers into the collagen fibers network left exposed by acid etching. 

Nevertheless, chemical bonding between polycarboxylic or phosphate 

monomers and hydroxyapatite was shown to be an integral part of the bonding 

process for adhesive materials which do not need etching such as glass 

ionomer cements and some phosphate based self-etch adhesives (Van 

Meerbeek et al., 2003). 

 
Smear layer 

 
 

Preparing a tooth surface spreads debris over the enamel and dentine 

surfaces, which will form the smear layer. the definition of smear layer is “any 

debris calcific in nature, produced by reduction or instrumentation of dentine, 
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enamel or cementum” (Gwinnett, 1993, Ishioka and Caputo, 1989). The smear 

layer is a 0.5 – 2 µm layer of debris with granular substructure that fully 

overlays the dentine, when examined under scanning electron microscopy 

(SEM) Figure 1-14 (Ishioka and Caputo, 1989). The morphological 

characteristics, content, and density of this layer are influenced strongly by the 

type of instrument, the technique of irrigation used and the tooth substrate 

location (Violich and Chandler, 2010). A blockage of dentinal tubules by a 

smear layer and can expand 1-10 µm into the tubules, creating a smear plug 

that are continuous with the smear layer and reduce dentine permeability about 

86% (Violich and Chandler, 2010). The layer functions as a physical barrier to 

dentine permeability and should be eliminated or become permeable for 

monomers to interface with the dentin surface. The permeability of dentinal 

tubules is substantially increased when the smear layer is removed. Under 

pulpal pressure, there is a mainly outward fluid flow of 20 – 70 cm/H2O 

(Pashley, 1991). 
 
 

Figure 1-15 SEM micrograph of smear layer and a smear plug magnified 

× 10,000. SL = smear layer, SP = smear plug, T = dentinal tubules, P = 

peritubular dentine, Int = inter-tubular dentine (Sezinando, 2014) 
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There are currently two different methods which can be used in resin bonding 

procedures: etch and rinse (E&R) and self-etch (SE) or etch and dry 

techniques. Despite of the strategy used, dentin bonding is based on the 

formation of a hybrid layer (HL), a framework consisting of demineralized 

collagen fibrils supported by the resin matrix (Narang et al., 2003). An acid 

etchant applied in the E&R technique strategy to dissolve smear layer and 

produce a surface layer of approximately 5-10 mm deep of demineralized 

dentine. 

 
Dentine adhesion strategies 

 
The combination usage of hydrophilic and hydrophobic monomer groups has 

been proposed to enhance adhesion due to the hydrophilic nature of the 

dentine matrix. The monomer’s hydrophilic activity allows to permeate into the 

collagen matrix, resulting in the development of a hybridized collagen – resin 

layer. The hydrophobic features help bonding to the hydrophobic part of the 

resin matrix of restoration (Sezinando, 2014). 

 
Dentine adhesion process include a conditioner or acid etchant is applied first, 

then a primer and ultimately a bonding agent or adhesive resin is used. As a 

result of these steps the bonding and sealing at the dentine restoration 

interface has improved dramatically. The penetration of primer into the open 

network of the collagen matrix exposed by dentine demineralization, and it’s in 

situ polymerization is thought to cause hybridization (Perdigao et al., 2006). 

During tooth preparation, the smear layer that develops on the tissue surface 

is an essential factor in the adhesion process. To address the smear layer’s 

poor attachment strength, two techniques have been used: first removing the 

layer before bonding (etch and rinse approach) and secondly using bonding 

agents that infiltrate the layer to make it permeable to applied monomers (self- 

etching approach) Figure 1-15 (Tay and Pashley, 2001). 

 
Total etching adhesives is a separate etch – rinse step is required when using 

“etch and rinse” adhesives. A range of etching agents have been used, for 

example maleic, citric, phosphoric, and nitric acids; with 30 – 37% of 
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phosphoric acid now being the most popular and preferred conditioning agent. 

Dentine etching exposes the collagen network fibrils that constitute the 

underlying substrate by removing the smear layer and hydroxyapatite mineral 

from the tissue surface. The smear layer and the top 1 – 6 µm of hydroxyapatite 

are dissolved by applying 37% of phosphoric acid to dentine for 15 seconds. 

The resultant layer is permeable, allowing adhesives to penetrate the fibrils 

spatial network (Pashley, 1991). The total etching method is regarded as the 

gold standard for the predicted tooth adhesion and is utilized in many bonding 

systems. The primer and adhesive resin are combined in a single application 

using simplified two etch and rinse adhesives approach (De Munck et al., 

2005). 
 
 
 
 

 
Figure 1-16 illustration of bond structure of a self-etching and etch - and – rinse 

adhesive system. Resin and collagen fibrils make up the structure of total etch 

adhesives ‘hybrid layer’. A typical hybrid layer of self-etching adhesives results 

from a mixture of resin, collagen fibrils and inorganic materials. Thinner hybrid 

layer of self-etching adhesive than that of total etching system because of mild 

acidic monomer effects on dentine (Hashimoto et al., 2011). 
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Self – etching adhesives: The application of self-etching adhesives, which are 

based on rinse free acidic monomers, provide an alternative to the total etching 

technique. These monomers condition and prime dentine at the same time. 

This method has proved to be the most user friendly but technique sensitivity 

(Van Landuyt et al., 2007). Self-etching method eliminate the need for an 

additional washing step, which will reduce the application time, technique 

sensitivity and the possibility of administration mistakes. Self-etching adhesives 

are applied in one or two steps, including the addition of one or more carboxylic 

or phosphoric acid groups to the monomers (Tay and Pashley, 2001). 

 
There are two types of self-etching system: mild and intense. A strong type of 

self-etching adhesive has a PH of 1 and create a bonding mechanism and 

interfacial ultra-morphology in dentine same as etch and rinse adhesives (Van 

Landuyt et al., 2007). The hybrid layer acquires a thickness of 3 – 4 µm with 

these adhesives and displays the features if a poorly organized collagen fibril 

network. Each fibril is divided by interfibrillar gaps at the surface of the hybrid 

layer, resulting in a “shag carpet” pattern. The other type of self-etching is the 

mild form it has PH of 2 which can degrade the surface of dentine to a depth 

of less than 1 µm, resulting in many hydroxyapatite crystals in the   hybrid layer. 

The hybrid layer formed by these adhesives is significantly thinner than that 

created by strong form self-etching or etch and rinse adhesives, however the 

bond’s efficacy is unaffected. Functional monomers with specific carboxyl for 

example 4-methacryloxyethyltrimellitic acid (4-MET) or phosphate groups like 

2- methacryloxyethyl phenyl hydrogen phosphate (phenyl – P) or 10 – 

methacryloxydecyl dihydrogen phosphate (10 – MDP) may interact with the 

remaining hydroxyapatite (Sezinando, 2014). 
 
 

Bonding to AI affected teeth 
 

The restorative rehabilitation and management of patients with AI include the 

use of bonded restorations to enhance aesthetics (Souza et al., 2014). 

Clinically, however, bonding to AI affected teeth is challenging. The majority of 
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AI patient complaints of dislodge restorations (Chan et al., 2010). Bonding to 

AI affected teeth has been reported in very few studies. 

 
The concept of bonding is based on micromechanical interlocking of adhesive 

resin with the enamel and dentine. As bonding to enamel depends on the 

micromechanical to the etched surface, whereas dentine depends on the 

hybridization to the exposed collagen mesh. An etchant typically with 30-40% 

phosphoric acid degrades the hydroxyapatite crystals and provides gaps for 

resin infiltration (Sholapurkar et al., 2008). The mineral composition of tooth 

structure is linked to their ability to interlock micromechanically with bonding 

adhesives. Enamel is predicted to have a stronger mechanical interlock with 

the adhesive resin than dentine substrate due to its higher mineral composition 

(Van Meerbeek et al., 2011). Enamel of normal tooth structure is a highly 

mineralized with a prismatic pattern of large crystals. While normal architecture 

of enamel affected by AI is lost and incomplete formation of enamel prisms 

with the rods obscured by amorphous material and poorly mineralized and 

therefore lower bond strength. More than 40% reduction in minerals affected 

by AI (El-Sayed et al., 2010). 

 
From dental service and clinician viewpoint is essential to know what treatment 

per the type of AI patients need as well as the number, type and failure rate of 

restorations provided. For this reason, we decided to undertake a service 

evaluation of the burden of care of AI patients in the Paediatric Dentistry 

department at the Eastman Dental Hospital. 

 
Following this our main objective was to explore the bonding strength to AI 

affected teeth and how it differs according to the type of AI. Originally, we 

intended to carry out a review of available evidence on bonding to teeth 

affected by AI and then planned to carry out laboratory investigations to 

explore gaps in the evidence. Because of COVID this was not possible. 

Therefore, in the final part of this investigation we looked at the use of AI 

classifications in the published literature. 
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2. The burden and impact of Amelogenesis Imperfecta care at 

the Eastman Dental Hospital 
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2.1. Study aims 
 

Aim of study 
 
 

• To assess the burden of care for child patients with Amelogenesis 
Imperfecta (AI) attending the Paediatric Dental Department at the 
Eastman Dental Hospital (EDH). 

 
Objectives of the study 

 
 

• To determine the type of treatment, duration, and number of 
appointments for patients receiving specialist care for AI 

• To determine the care burden of AI patients and families in terms of 
travel and time commitments 

• Compare different treatment modalities and burden of care by types of 
AI 

• Investigate the restoration failure for each type of AI 
 

2.2. Materials and methods 
 

Study design 
 

This is a service evaluation of AI patient records within the Eastman Dental 

Hospital. 
 

Study population 
 

This service evaluation used existing databases of patients with AI from the 

anomalies database, and asking colleagues in the Paediatric department, EDH. 
 

Inclusion criteria 
 

• Documented AI definitive or provisional diagnosis in the clinical notes. 

• Patients with at least six months care in the service. 
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Exclusion criteria 
 

• Unclear diagnosis 

• Patient records were not available 
 

Ethical Approval 

The supervisors and clinical audit lead agreed that this project qualified as an 

audit, therefore the study was registered as a service evaluation and no 

ethical approval was needed. The service evaluation protocol was registered 

with the hospital governance team (Appendix 1: Service evaluation 

registration form). 

 
2.3. Methodology 

 

Identifying the study population 
 

Patients with AI were identified from the anomalies database which was 

developed in the paediatric department in 2003, and it has been updated 

regularly under the supervision of a paediatric consultant. Additional patients 

were obtained by asking colleagues treating AI patients, to identify any patients 

that were not included in the anomalies database. A total of 84 patients were 

identified, and the dental notes                         of each patient were requested. 

Data Protection 

All collected data was stored in the postgraduate office with a safe entry door; 

electronic data was stored on the share drive in an EDH/EDI password 

protected device. Electronic data was transmitted via protected nhs.net email. 

The data obtained was anonymized through a unique ID number given to each 

patient, to ensure that when examining patient’s notes could not be identified. 

Following submission of the study, patient identified information will be 

destroyed. 

Data Collection 
 

Information from both paper and electronic records are obtained retrospectively. 

All the data were collected from July - December 2019, using a data collection 

form . 



74  

Pilot data collection forms 
 

Four patient records were piloted, and minor modifications were made to the 

form including more details of operator level, episodes of care and detailed 

treatment under GA. A radiograph section was added for the number and type 

of x-rays taken. All records included in the study were analysed using the final 

version of the data extraction form (Appendix 2: Data Collection Form). 
 

Data collection 
 

For each patient, the paper data collection form was completed and 

transformed onto an Excel spreadsheet. The online route planner google maps 

for each patient, (https://www.google.co.uk/maps/ ) was used with patient 

postcodes, to measure the mileage to and from the hospital. Travel times to 

the Eastman Dental Hospital were also calculated, both by public transport and 

car. For each patient, treatment modalities were reported and broken down 

into primary, mixed, and permanent dentition. 
 

Statistical analyses 
 

Data was collated on a spreadsheet and descriptive statistics such as Mean 

and standard deviation were produced using Microsoft Excel. 

 
2.4. Results 

 
Of the 84 patients identified, 28 were excluded as they did not match the 

inclusion criteria, resulting in 56 patients available for analysis. Data included 

demographics, treatment provided and an estimate of treatment burden. Figure 

2-1 illustrates the flow chart used, and for the reasons for exclusion. 

https://www.google.co.uk/maps/
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Figure 2-1 Process of patient record selection for study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Gender 

The male female demographics split of sample group was 23:33. There were 

more female AI patients accounts for 59% and 41% for the male within 

Eastman Dental Hospital. 
 

American Society of Anesthesiologists (ASA) physical status 

classification 

 
Most of the patients were grade 1 ASA (fit and healthy patients) with 87.5% 

and 12.5% with mild to moderate systemic disease (ASA 2). Figure 2-2 shows 

the medical status for dental care facility at paediatric department. 

Excluded: 
Molar-Incisor Hypomineralisation 
(n=5) 
Chronological Hypoplasia (n=7) 
Caries and Rickets (n=1) 
Less than 6 months in the care 
(n=2) 
Generalized enamel hypoplasia 
(n=6) 
Enamel Defect (n=3) 
Osteogenesis Imperfecta (n=1) 
Dentogenesis Imperfecta (n=2) 

84 patients 
record selected 

Anomalies 
Database and 

asking colleagues 

 
56 patients 

selected 
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Figure 2-2 ASA classifications of patients 
 
 

Referrals to Specialist Paediatric Dental Service 
 

Most patients (n=49 87.5 %), were originally referred by their General Dental 

Practitioner (GDP), as shown in Table 2-1. 

 
Table 2-1 Summary of referral source 

 
Original 

Referrers 
Number of patients % of Patients 

GDP 49 87.5 % 

Orthodontist 2 3.5 % 

CDS 3 5.3 % 

Great Ormand 
Street Hospital 

(GOSH) 

2 3.5 % 

 
 

Types of AI as recorded by treating clinicians 
 

The classification of AI patients was divided into two tables. Table 4 shows the 

classification according to the exact terminology of the treating clinicians was 

taken Figure 2-3. 

American Society of 
Anaesthesiologists (ASA) 

 
12.55 

 
 
 

87.5% 

 
ASA 1 ASA 2 
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Types of AI as explored by the PI 
25 

20 

15 

10 

5 

0 

Further examination was required in which there was uncertainty in the form 

of AI such as 6 unknown and 4 hypomineralized. After looking at the x-rays 

and clinical images, those four patients as well as the one who had not 

identified by form of AI were further examined. The other ambiguous forms 

were classified as shown in Figure 2-4. 
 
 
 

 
 

Figure 2-3 Types of AI according to the treating clinicians 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Hypoplastic Hypomaturation Hypocalcified Mixed Unknown 
Number of patients 22 22 4 7 1 

 
 

Figure 2-4 Types of AI as explored by the PI 

Types of AI according to the treating clinicians 
25 
 
20 
 
15 
 
10 
 

5 
 

0 
Hypoplastic Hypomaturation Hypocalcified       Hypomineralised 

Number of patients 21 15   

Hypoplastic / Hypomature /        Hypomineralized Hypoplastic / 
Hypomature Hypomineralized       / Hypocalcified Hypocalcified 

2 1 2 1 

Hypoplastic / 
Hypomineralized 

 

Unknown 
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Family History 
 

There was no record in the notes of any discussion with the family about AI 

family history in 41% of patients n= 23. In 39% of the patients, n= 22, it was 

documented that there was no history of AI with the family. 20% of patients 

recorded with family history, n=11 as shown in Figure 2-5. Table 2-2 indicates 

the reported family history by each patient. Due to the small number of patients 

reported with family history it was difficult to extrapolate clear genetics 

conclusions. 

 
Figure 2-5 Report of family history with AI by percentage 

 

Family History / 
patient reported 

Number of family 
members recorded 

per patient 
1 1 Brother 
2 1 Brother, 1 Sister 
3 1 Brother 
4 1 Cousin 
5 1 Uncle 
6 1 Father, 1 Sister 
7 1 Mother 
8 1 Mother 
9 1 Mother, 1 Brother 
10 1 Father, 1 Brother 
11 1 Sister 

 

Table 2-2 Number of family members recorded per patient 

Family History 

Not recorded Family reported Nil family reported 

39% 

41% 

20% 
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Age 
 

At the time of data collection, the average patient age was 12.8 years. There 

are eight patients at the age of 16 years old and above who are still in the 

service. The average age of first appointment for patient is 9.2 and the average 

age at discharge for patient is 14. As a result of histogram, the data were not 

normally distributed and do not appear to be symmetrical due to the narrow 

range of the sample as summarized in Table 2-3. 

 
Table 2-3 Age of study sample in the department. 

 
 

 Age (years) Age at 1st 
appointment 

Age at discharge 

Average 12.8 9.2 14 

Standard 
deviation (SD) 

3.7 2.7 3 

 
 

Dental development stage of patient while under specialist 

care 

 
For patients to seek advanced dental care, the most common stages were in 

mixed dentition or from mixed to permanent dentition. As children were seen 

in mixed dentition about 82.14%, Permanent dentition 32.14% and primary 

dentition about 7.14%. Table 2-4 highlight the number of developmental stages 

in which patients provided specialist care. 
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Table 2-4 Developmental stages of AI patients in the study. 
 

Developmental 
stage 

Hypoplastic Hypomature Hypocalcified Mixed Unknown 

Primary only   1   

Mixed only 13 16 1 5 1 
Permanent 
only 

2 4 1 1  

Primary – 
Mixed 

1  1   

Primary – 
Permanent 

   1  

Mixed – 
Permanent 

6 2    

 
Patients under the care and discharged 

 
It has been found 31 out of 56 of the patients to be under the paediatric service 

at the time. Two patients were lost to follow up and have not been discharged 

and considered not a current as well account for 3.6% as shown in Table 2-5. 

 

Table 2-5 Current and discharge patients 
 

Patient management in service 
No of patients 
(% of patients) 

 
 

Current 

 
 

Discharge 
 

Number 
31 

 
55.4% 

23 
 

41% 

 
Reason for Discharge 

 
Two patients were lost to follow up and had not been discharged and 18 

patients discharged to their GDP. The other five patients who were discharged 

to specialist care locally. Table 2-6 illustrate reasons of discharge. 

Table 2-6 reason of discharge AI patients 
 

Discharge Reason Number of patients 

Discharged to GDP 18 

Discharged to Restorative 2 

Discharge to Orthodontist 3 



 

Round trip mileage for appointments 
 
 

For a single dental appointment, the average distance from home to hospital 

was 67.5 miles (108.6 km), with 46 miles (74 km) median based on the sample 

size. The 33.7 percent of patients were within the 15 miles of the hospital as 

described in Figure 2-6. 

There was a significant variation in the average distances from home to 

hospital. The shortest distance was 4.38 miles (7 km) for Northwest London 

and the furthest was 143 miles (230 km) from Westham, Weymouth. 

 
Figure 2-6 

 

 
 

Time taken to attend appointment 

The time taken by either driving or public transport to reach the hospital, google 

maps as below in Figure 2-7. 

 
Figure 2-7 Time taken to attend one appointment 

 

 

 

Time taken to attend 
(on google maps - driving) 

Time taken to attend 
(on google maps - public transport) 

Average 73.4 Average 82.5 

Standard Deviation 
32.4 

Standard Deviation 
39.2 

81 

Range/Minute 
219-31 

Range/Minute 
200 - 25 

Round trip mileage 

SD 59.6 Miles 

Average 67.5 Miles 
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Duration of care 
 

Duration of specialist care 
 
 

Patients have had an average of 3.4 years of treatment with the specialist care 

with a range of 6 months to 12 years. The average duration of care for 

discharge patient in the paediatric department was 4.2 years and number of 

23 patients had been discharged as shown in Table 2-7 

Table 2-7 Duration of care for current patients 
 

 Duration of care (Months) Duration of care of discharge 
patients (years) 

Average 3.4 4.2 

Standard 
Deviation 

3.1 3.6 

 
 
 

Average number of appointments per year 
 

The total number of appointments was 297 for all 56 patients on average of 5 

appointments. The average numbers of appointments per year per AI type 

were analyzed as in the Table 2-8. 

Table 2-8 number of appointments per year by AI type 
 

Average Number of 
appointments /years 

Mean Standard Deviation 

Hypoplastic 5.2 2.5 
Hypomature 4.4 2.4 

Hypocalcified 7.4 3.6 

Mixed 4 1.4 
Unknown 4 - 

Total 5 2.5 
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Was not brought 
 

The average rate of appointments patient was not brought was 0.7 as shown 

in Table 2-9 below. 

 
Table 2-9 Patients was not brought to the appointments 

 
 Was not brought 

Average 0.7 

Standard Deviation 1.1 

 
 

Appointment cancellation 
 

Number of cancellations appointments were looked at from the EPR and EPIC 

system. The average number of appointments got cancelled either by the 

patient himself or the hospital as shown in Table 2-10. 

 
Table 2-10 Number of cancellations by the Hospital and Patient in 

the department 
 

No. of 
cancellation 

Hospital Patients 

Average 3.5 4.3 

Standard 
Deviation 

3.6 5 

 
 

Clinicians involved in care 
 

Patients have been seen by a variety of different clinicians including therapists, 

specialty registrars, specialty doctors, DCTs, Postgraduate students and 

consultants. Postgraduate students were the highest number of clinicians who 

are providing care for those patient accounts for 90 operators about 30% of 

total. In all cases, the lead clinician were consultants mostly as supervisor or 
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a treating clinician in some of the patients. The average number of operators 

per patient as shown in Table 2-11. 
 

Number of operators 
 

An average of 5.3 different clinician including therapist providing care per 

patient. The average number of operators in hypoplastic AI were 6.5 clinician 

per patient followed by mixed form of AI of an average 4.6 clinician Table 2-11. 

 
Table 2-11 Number of operators per the type of AI 

 
Average Number 

of Operators / 
types of AI 

Number of 
operators 

Mean Standard Deviation 

Hypoplastic 143 6.5 3.9 

Hypomature 102 4.6 2.5 

Hypocalcified 12 3 0.8 

Mixed 38 5.4 4.6 
Unknown 2 2 - 

Total 297 5.3 3.5 

 
 

Anaesthetic types 
 

Five patients have had treatment under general anaesthesia about 9% with 

repeat of GA in 1.8% and 48% of patients has had at least one appointment of 

local anaesthetic. This makes 24 of patients with no experience with the L.A 

or G.A as described in Table 2-12. 
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Table 2-12 Anaesthetic types and number of patients per the type 

of AI treated in the department 
 

Anaesthetic 
types / AI 

type 

GA GA & LA LA None 

Hypoplastic 3 2 16 3 

Hypomature 1 1 6 14 

Hypocalcified 0 0 2 2 

Mixed 1 1 3 4 

Unknown 0 0 0 1 

Percentages 9% 7% 48% 43% 

 
 

General Anaesthetic (GA) episodes 
 

Five of the patients have had dental treatment under a general anaesthetic 

count of 9% and one patient had two GA which makes 1.8%. All the patients 

have had the treatment during their mixed dentition developmental stage. 

There was no planned GA for any of the patients in the study as shown in 

Table 2-13. 

 
Table 2-13 General anaesthetic episode per the developmental 

stage 
 

GA episode per 
developmental stage 

Number of GA 

Primary dentition 
Completed 

Planned 

 
0 

Mixed dentition 
Completed 

Planned 

 
6 
0 

Permanent dentition 
Completed 

Planned 

 
0 
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GA treatment 
 

Total number of teeth treated under GA by developmental stage as shown in 

Table 2-14. All the treatment carried out under general anaesthetic was in a 

mixed dentition stage. 

Table 2-15 shows the average number of teeth per patient with highest of 

composite restorations treatment under GA about 4 per patient and extraction 

on primary teeth on average 3.6 per patient treated under GA. 

Table 2-14 Treatment under general anaesthesia per 

developmental stage 
 

GA treatment by developmental stage Number of teeth 

Primary dentition 
Extractions 

Preformed Metal Crown 
Pulpotomy and PMC 

Composite restorations 

0 

Mixed dentition 18 
Primary tooth extractions  

 9 
Permanent tooth extractions  

 7 
PMC (primary teeth)  

 2 
Preformed metal crown (permanent teeth)  

Composite restorations 20 

Gold Onlays 0 

Fissure sealants 12 

Exposure of teeth 8 

Permanent dentition 
Permanent tooth extractions 
Permanent tooth extractions 

PMC (primary teeth) 
Preformed metal crown (permanent teeth) 

Composite restorations 
Gold Onlays 

Fissure sealants 
Exposure of teeth 

0 

Table 2-15 Average number of teeth per patient under GA by 

developmental stage 
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GA treatment by developmental 
stage 

 

Primary dentition 
Extractions 

Preformed Metal Crown 
Pulpotomy and PMC 

Composite restorations 

0 

Mixed dentition  
Primary tooth extractions 3.6 

Permanent tooth extractions 1.8 

PMC (primary teeth) 1.4 

Preformed metal crown (permanent 0.4 
teeth)  

Composite restorations 4 

Gold Onlays 0 
 2.4 

Fissure sealants  
 1.6 

Exposure of teeth  
Permanent dentition 

Permanent tooth extractions 
0 
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Treatment types 

Average number of teeth treated per patient 
 

The whole treatment was combined to evaluate the average number of teeth per patient per AI type that needs intervention. The 

Table 2-16 below shows the averages and percentages of different treatment per AI type in details. 

 
Table 2-16 Number of teeth treated per AI type 

 
Average number of 

teeth per patient 
(n=56) 

Hypoplastic 

n=22, 39.2% 

Hypomature 

n=22, 39.2% 

Hypocalcified 
 
 

n=4, 7.14% 

Mixed 

n=7, 12.5% 

Unknown 
 
 

n=1 ,1.7 

Total 
 
 

56 

Average 

Extractions 35/n=10 
77.7% 

3/n=2 
6.6% 

0 7/n=1 
15.5% 

0 45 0.8 

Composite 
restorations 

167/n=18 
66.8% 

39/n=10 
15.6% 

4/n=2 
1.6% 

40/n=4 
16% 

0 250 4.4 

Fissure Sealant 85/n=13 
45.7% 

77/n=12 
41.4% 

4/n=1 
2.15% 

20/n=4 
10.7% 

0 186 3.3 

PMC 81/ n=15 
67% 

11/ n=3 
9% 

16/ n=2 
13.2% 

13/ n=2 
10.7% 

0 121 2.1 

Onlays 0 4/n=1 
50% 

0 4/ n=1 
50% 

0 8 0.14 
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Microabrasion 2/ n=1 

16.6% 
8/ n=5 
66.6% 

0 0 2/ n=1 
16.6% 

12 0.21 

Bleaching 3/ n=3 
18.75% 

9/ n=8 
56.25% 

1/ n=1 
6.25% 

3/ n=2 
18.75% 

0 16 0.3 

Failed composite 
restorations 

13/ n=167 
8% 

2/ n=39 
5% 

1/ n=4 
25% 

9/ n=40 
23% 

0 25 0.4 

Resin Infiltration 0 0 0 0 0 0 0 

 
X-rays 

111/ n=21 
 

55.5% 

57/ n=19 
 

28.5% 

13/ n=4 
 

6.5% 

18/ n=7 
 

9% 

1/ n=1 
 

0.5% 

200 2.5 

Indirect coronal 
restorations: 

(PMC+ Onlays+ 
Indirect composite) 

97/ n=17 
 

67% 

15/ n=4 
 

10% 

16/ n=2 
 

11% 

17/ n=3 
 

12% 

0 145 2.6 

Other 37/ n=20 
49.3% 

14/ n=9 
18.6% 

13 / n=3 
17.3% 

11/ n=5 
14.3% 

0 75 1.3 
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Preformed Metal crowns 

The average number of patients had pre-formed metal crown by Hall technique 

was 1.76 in comparison to conventional preformed metal crown was 0.23 in 

both primary and permanent dentition. Number of PMC in primary dentition 77 

and 35 in permanent dentition. Conventional technique for preformed metal 

crown in both dentition account of 13 teeth. Table 2-17 shows number of 

preformed metal crowns and per AI type and developmental stage. 

 
Table 2-17 Number of Preformed Metal crowns per AI type and 

developmental stage 
 

No. 
Preformed 

Metal Crowns 
/ AI type 

primary Mixed Permanent Total 

Hypoplastic 8 55 11 74  

Hypomature 0 7 4 11  

Hypocalcified 16 0 0 16  

Mixed 0 9 2 11  

Unknown 0 0 0 0  

total 24 71 17 112  

 
 

Vital Bleaching 

The average of all vital bleaching was 0.3 episode per patient. Hypomature AI 

cases had vital bleaching about n=9, 56.25%. Table 2-18 illustrate the episode 

and duration of bleaching and Table 2-19 shows bleaching episode per AI and 

developmental stage. 

Table 2-18 Episode and duration of Vital Bleaching 
 

Bleaching 
episode 

No. of Bleaching Duration of bleaching in months 

Mixed 
Dentition 

7 12.5 

Permanent 
Dentition 

9 17.5 
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Table 2-19 Number of bleaching episodes per AI type and 

developmental stage 
 

Bleaching 
episode / 
Per AI type 

primary Mixed Permanent Total 

Hypoplastic 0 1 2 3 

Hypomature 0 5 4 9 

Hypocalcified 0 1 0 1 

Mixed 0 0 3 3 

Unknown 0 0 0 0 

Average 0 0.4 0.6 0.3 

Total 0 7 9 16 

 
 

Microabrasion 
 

The average of all vital microabrasion was 0.2. Majority of cases were in 

Hypomature AI had microabrasion about 66.6%. Table 2-20 illustrate the 

episode of microabrasion per developmental stage and type of AI. 

 
Table 2-20 Number of Microabrasion per AI type 

 
Microabrasion 

Per AI type 
primary Mixed Permanent Total 

Hypoplastic 0 0 2 2 

Hypomature 0 3 5 8 

Hypocalcified 0 0 0 0 

Mixed 0 0 0 0 

Unknown 0 2 0 2 

Average 0 0.09 0.125 0.214 

Total 0 5 7 12 
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Direct Composite Restorations 
 
 

The total average of composite restorations was 4.1 where the primary 

dentition has average of 0.02 only. Table 2-21 , Table 2-22 shows number and 

averages of composite restorations per developmental stage and AI type. 

 
Table 2-21 Number of composite restorations per developmental 

stage 
 

Developmental 
stage 

No. of 
composite 

restorations 

Anterior 
composite 
restoration 

Posterior 
composite 
restoration 

Primary 
Dentition 

4 4 0 

Mixed Dentition 131 86 45 

Permanent 
Dentition 

95 50 45 

Average 4.1 2.5 1.6 

Total 230 140 90 

 
 
 

Table 2-22 Number of composite restorations per AI type 
 

Direct 
Composite 

Restorations 
Per AI type 

primary Mixed Permanent Total 

Hypoplastic 4 94 60 158 

Hypomature 0 12 26 38 

Hypocalcified 0 6 0 6 

Mixed 0 19 9 28 

 
 
 
 

Number and reasons of failed restorations 
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The average number of failed restorations less than one restoration failed per 

patient seen in all the developmental stage. The most common reasons for 

restorations failure were debonding, dental caries or secondary caries, 

discoloration of composite and due to sensitivity post operational. Majority of 

failed composite restorations occurred in hypocalcified (25%, n=4) and mixed 

type (23%, n=40) with debonding being the most common reason. Table 2-23 

shows number of debonding of composite restoration per AI type and Table 2-

24 illustrate the reasons of reasons of failure per developmental stage. 

 
Table 2-23 Number of failed composite restoration due to debonding per AI 
type (n= indicates the overall composite restorations including the composite 
restoration provided under general anaesthesia) 

 
 

Failed 
Composite 

Restorations 
per AI type 

primary Mixed Permanent Percentages 

Hypoplastic 1 7 5 13/ n=167 
8% 

Hypomature 0 0 2 2/ n=39 
5% 

Hypocalcified 0 1 0 1/ n=4 
25% 

Mixed 0 9 0 9/ n=40 
23% 

Unknown 0 0 0 0 

total 1 17 7 25 
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Table 2-24 Reasons of failed restorations 
 

Reason of failed 
restorations 

Primary 
Dentition 

Mixed 
Dentition 

Permanent 
Dentition 

Total 

Fracture / Fallen 
restorations 

1 17 7 25 

Discolorations 0 8 12 20 

Defected / 2nd caries 0 2 5 7 

Sensitivity post. Op 
restoration 

0 0 1 1 

Average 0.018 0.48 0.446 0.94 

 
 

Radiographs 

The average number of x-rays per patient was 3.5 and orthopantomography 

x-ray was the commonest tool to aid diagnosis was used in 36.5% followed by 

Bitewings x-ray in 32%. Table 2-25, Table 2-26 illustrate the number, type of 

x-ray and average per AI type and developmental stage. 

 
Table 2-25 Number of x-rays per developmental stage and type of AI 

 
 

Number of x- 
rays per AI 

type 

Primary Mixed Permanent Total Average / 
patient 

Hypoplastic 2 72 37 111 5 

Hypomature 0 39 18 57 2.6 

Hypocalcified 2 8 3 13 3.25 

Mixed 1 14 3 18 2.5 

Unknown 0 1 0 1 1 

total    200 3.5 

 
 
 

Table 2-26 Types of x-rays per developmental stage 
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Type of x-ray Primary 
Dentition 

Mixed Dentition Permanent 
Dentition 

Bimolars 3 9 0 

Periapical 0 19 17 

Bitewings 2 41 21 

OPG 0 53 20 

USO 0 12 3 

Total 5 134 61 

 
 
 

Other Treatments 

The other treatments as described in Table 2-27 shows Fuji as interim 

restoration with average of 2 per patient. Hypoplastic AI had 59% followed by 

Hypocalcified AI of about 18.1%. 
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Table 2-27 Number and percentages of other treatments per AI type treated in the department 
 

Other 
Treatments 

Hypoplastic Hypomature Hypocalcified Mixed Unknown Total Average 

GIC 26/ n=10 
59% 

5/ n=4 
11.3% 

8/ n=2 
18.1% 

5/ n=2 
11.3% 

 44 2 

Scaling and 
polishing 

2/ n=2 
16.6% 

6/ n=2 
50% 

2/ n=1 
16.6% 

2/ n=2 
16.6% 

 12 0.2 

RCT 1 1    2 0.03 

Gingivoplasty 1     1 0.018 

Soft tissue 
excision 

 1    1 0.018 

Essex 2/ n=2     2 0.035 

Mouthguard 1 
33.3% 

 2/ n=1 
66.6% 

  3  

RPD 1     1 0.018 

URA 1     1 0.018 

Twin block 1     1 0.018 

Tooth 
Mousse 

  1   1 0.018 

Duraphat 1 1  4/ n=1  6 0.1 

Total 37 14 13 11  75 1.34 
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Inhalation Sedation 
 

Thirteen patients were found to have treatment under inhalation sedation (HIS) 

accounts for 23.2% with average of 2.5 of all patients has had IHS. Table 2-28 

shows the number of inhalation sedation appointments by developmental 

stage and per AI type. 

 
 
 
 

Table 2-28 Number of inhalation sedation appointments per AI type 
 

Inhalation 
sedation per 

AI type 

primary Mixed Permanent Total Average 

Hypoplastic 0 28 5 33 1.4 

Hypomature 0 3 2 5 0.2 

Hypocalcified 0 6 0 6 0.3 

Mixed 0 12 2 14 0.6 

Unknown 0 0 0 0 0 

total 0 49 9 58 2.5 

 
Local Anaesthetic (LA) appointments 

Local anaesthetic was administered at least one for 27 patients equals to 48.2 

% of all patients. The Table 2-29 shows number of appointments patient had 

L.A per developmental stage and averages per AI type. 
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Table 2-29 Number of local anaesthetic appointments per AI type in 

the department 
 
 

L.A 
appointments 

per AI type 

primary Mixed Permanent Total Average 

Hypoplastic 0 41 21 62 2.8 

Hypomature 0 7 8 15 0.7 

Hypocalcified 0 4 0 4 1 

Mixed 0 15 5 20 2.8 

Unknown 0 0 0 0 0 

total 0 67 34 101 1.8 
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Summary of key findings 
 

• There is inconsistency of reporting classification of AI as four patients 

did not have a correct diagnosis, and six have not been classified or 

inheritance determination documented, nor was it noted if it was as part 

of syndrome if genetic testing or family pedigree have been carried out. 

 
• Within the limitation of a small sample group, more failed composite 

restorations occurred in the hypocalcified (25%, n=4) and mixed types 
(23%, n=40) with debonding being the most common reason (47% 
n=25). 

 
• Discharge pathway was unclear with lost to follow up patients. 

 
• The average length of treatment was 3.4 years of treatment with the 

specialist care with a range of 6 months to 12 years and the average 
duration of care for discharge patient was 4.2 years 

 
• The average number of appointments cancelled by parents was 4.3. 

with low average rate of was not brought 0.7. Families, however, 

demonstrated dedication towards their appointments. Although the 

average number of appointments per year was 5 and for a single dental 

appointment, the average distance from home to hospital was 67.5 

miles with rounded trip on google maps and the time taken by either 

driving or public transport to reach hospital were 73.4 and 82.5 minutes 

respectively. 

 
• Patients and their families had a significant treatment burden, with 

majority of patients receiving treatment under general or local 

anaesthesia. This include many dental extractions and restorative 

rehabilitation were documented. Treatment load was further increased 

by periodontal and hygienist treatment, orthodontic treatment, and 

indirect coronal restorations with lab work. 
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2.5. Discussion 

Methodology 
 

All the patients were grouped into age and developmental stage as primary, 

mixed, and permanent dentition as per the developmental stage and per the 

type of AI to avoid inaccuracy if there are any disturbances in dental 

development and eruption to allow detailed analysis of treatment and 

pharmacological behavior management was carried out according to the stage 

and form. All the radiographic x-rays of all patients were reviewed and 

analyzed. Also, for certain cases the clinical intra-oral images were examined 

if the form of AI was not clear or marked as hypomineralized. The classification 

of AI patients was divided into two tables, one as the exact terminology of the 

treating clinicians was taken and the second table, further studied in which 

there was ambiguity in the type of AI (6 unknown, 4 hypomineralized) and the 

other uncertain types were allocated to hypoplastic and hypomature, 

hypocalcified as subgroup of hypomineralized and third type is a mixed 

between hypomineralization and hypoplasia. 

 
The severity of clinical presentation of each type of AI, post eruptive break 

down, rapid attrition, heavy calculus deposits and gingival hypoplasia could 

hinder the accurate identification of the type of amelogenesis imperfecta. 

 
Digital photographs and affordable genetic testing in the future could help to 

improve the correct AI diagnosis. 
 
 

Diagnosis of AI 
 

In this report we refer to the classification of AI by Witkop (Witkop Jr, 1988). 

As he classified amelogenesis imperfecta into four main categories: 

hypoplastic, hypomature, hypocalcified and mixed. 

 
Hypoplastic and hypomature were the main types of AI in the sample but the 

diagnosis was less evident for other patients. None of the subtypes of 
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hypoplasia has been identified in hypoplastic form. Four patients were 

diagnosed with hypomineralization, which is not the main type of the 

classification. Those four patients as well as the one’s which had not classified 

by type of AI were investigated further by looking at the x-rays and clinical 

photographs. 

 
There was no record of any family discussion about an AI family history in 41 

% of patient in the study. It was also noticed in 39.3% that there had been no 

previous AI background with the family. Understanding that amelogenesis 

imperfecta is an inherited condition is essential to recognizing the heritage path 

which is an important part of the cycle of AI diagnosis. 
 

Referral and discharged pathway 
 

Most patients were referred during their mixed dentition stage and at first 

consultation the average age of the patients was 9.2 years. Four patients were 

under the age of 5 years old seen in the sample and in their primary dentition. 

Around 87 % patients were referred by their GDP. It is very important those 

patients got referred at early age for early acclimatization, prevention and to 

protect wear of tooth structure. 

 
Eight of the patients lost to follow up, 6 of them got discharge to their GDP and 

two patient they were not discharge neither they are in the service. The number 

of discharge patients in this study was 23. 

 
Appointments, duration of care, time and mileage travelled 

to attend appointment 

 
The distance travelled for hospital care varied considerably between 

individuals. This study focused on distance and time travel to attend one 

appointment, not only measuring the distance alone. As it has the possibility 

to underestimate the effect of distance and travel time at health results, at 

which patients may make several journeys to attend one visit for a dental 

treatment over the course of the year. 
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Distance and travel time may be a major obstacle to access to healthcare, 

failing to attend or cancelling appointments, but may also be included as a key 

obstacle to health wellbeing, functional disability, travel costs and career or 

family responsibilities. Those aspects must be taken into consideration when 

deciding on where to establish specialist care service or improve patient 

access to an existing service and eventually enhance the health outcomes. 

By considering the distance and travel time, the children absence from school 

will be reduced, the parent or guardian to provide a legitimate excuse for 

absence to the attendance department at school will be minimized too. 
 

Clinicians involved with care 
 

Continuity of treatment is a defining and primary objective of a paediatric 

dentist and is associated with the standard of patient care received over the 

period in the service of care. The consistency of paediatric dentist care can 

helps gain the trust and confidence and an efficient promoter of the patient’s 

health services through early identification of any problems. 

 

Continuity of healthcare is embedded in a long-term patient - dentist 

relationship in which the clinician understands the background of the patient 

from practice and can easily incorporate new knowledge and decisions from 

the perspective of patient’s health totality viewpoint without a thorough 

investigations or re-examine of records (Harnagea et al., 2017). Given that the 

majority of the clinicians delivering treatment were postgraduate students, it 

is critical to strike balance between providing high quality care and meeting 

training requirements, which include the time, technique, and experience with 

challenging cases. Therefore, the high number of clinicians providing care is 

not recommended and needs to be re-evaluated. This can be accomplished by 

treating children and adolescents with AI in a dental anomalies clinic led by 

consultant in Paediatric and Restorative dentistry with a focus on treatment 

planning and availability of local specialist care can reduce the burden as 

shared care. In addition, it will facilitate for a clear pathway for the transition to 

adult specialist care if needed in future.  
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Treatment 
 

Treatment was documented in detail for each patient by the developmental 

stage and the type of AI. Not to forget that before starting definitive treatment 

plan, prevention was included in the early stages of all treatment plan, with a 

specific emphasis on providing good oral hygiene guidance and 

encouragement for patient. Also treating hypersensitivity with either 

desensitizing agents, topical fluoride and tooth mousse products encourage 

remineralization or with interim restorations.  

 
Conservation of the tooth structure is essential in patients with AI, and 

minimally invasive treatment options were considered where possible as 

young patients have large pulps and incomplete root formation. Therefore, the 

use of microabrasion will         remove some enamel about 25 – 200 micrometer of 

the superficial stains and enhance discoloration (Sundfeld et al., 2014). 

Bleaching and microabrasion were most commonly performed in hypomature 

group (56%, n= 8 and 67%, n=5 respectively) with an average 0.3 and 0.2. The 

hypomature AI teeth present with mottled opaque white to yellow- brown 

discoloration and this treatment approach is successful in managing such 

cases (Wright, 2002). 

 
More failed composite restorations occurred in hypocalcified (25%, n=4) and 

mixed type (23%, n=40) with debonding being the most common reason, and 

this is because of lower mineral content and lower hardness values of teeth 

affected by hypocalcified AI (Hyun et al., 2009). This is analogous to results in 

other literature where the longevity of composite restorations is affected as 

decreases in bonding strength in the hypocalcified and hypomature type of AI 

(FARIA‐e‐SILVA et al., 2011). However, the use of rubber dam or anterior 

cellulose crowns was not recorded in this study, which could have influenced 

the success or failure rates of anterior composite resin restorations.  

 

The data is likely to underrepresent the amount of treatment required as most 

of patients were still under ongoing care in the department. No doubt more 
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care will be required over time. Firm conclusions can hardly be drawn from this 

data since the severity of AI is unknown in each person in this sample. 
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General anaesthetic 
 

Treatment under general anaesthesia is assessed on a case-by-case basis 

taken into consideration the age of child, underlying medical condition, level of 

anxiety, sensitivity of the teeth, condition of oral hygiene, loss of dental hard 

tissue, eruption difficulties of the teeth, school absence and school bullying, 

aesthetic concern with anterior teeth, treatment burden and financial concerns 

for families in other places. These reasons might be legitimate grounds for 

planning a GA decision. This could be helpful in reducing the number of the 

appointments in the surgery and effectively tackling the psychological and 

social effects linked with AI. 

 
In this study 9% percent of the patient had at least one GA for dental treatment 

with 1.8% repeated GA. On average extractions of primary teeth were most 

common 3.6, 1.8 extraction of permanent teeth, composite 4, PMC 1.4 in 

primary and surgical exposure of 1.6. 

 
Children with AI require lifelong dental care. Clinician must first address the 

aims and limits of treatment, set reasonable standard to avoid any 

dissatisfaction with sensible treatment plan under GA is a vital part of delivering 

service to patients with AI. 
 

 
Inhalation sedation and local anaesthesia 

 
The technique of inhalation sedation was used in 23% of the patients with an 

average of at least one appointment for each patient. It was more commonly 

used in the mixed dentition stage with 87.5%. As inhalation sedation used in 

reducing the anxiety and making patients to feel more relaxed also it is helpful 

in reducing the pain and discomfort while administering local anaesthesia. 

 
Local anaesthesia was administered at least once for more than 55% in 31 of 

the patients with an average of 1.8 appointment. Acclimatization with topical 

and behavior management in previous visit anticipate what is coming in the 

next appointment is very important. 
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2.6. Conclusion 
 

This service evaluation provides data on the burden of care for children with 

AI. The high number of appointments, treatment needs, and miles travelled 

illustrate the scope of complications that can occur and stress the need for 

comprehensive management of this condition. The findings identified some 

areas within the treatment path that could be strengthened. It is crucial that 

early identification of the condition can aid a specialist in acclimatization and 

prevention at an early stage during their primary dentition as the study has 

shown referrals were not being made and the primary teeth either extracted or 

full coronal coverage used when treatment is subsequently given. It is important 

to concentrate on classification of AI while diagnosis when seen by a 

specialized paediatric dentist. Emphasizing on investigation of family history 

and to be recorded in the clinical notes. As this is life-long condition, this group 

of patients who will still require further follow up and treatment in adulthood. It 

important to have a specific discharge protocol. 

 
Amelogenesis Imperfecta patients experience poor aesthetic, teeth sensitivity, 

impaired chewing function which needs regular early age dental care. This 

care will continue life-long and effect of the general well-being of individual 

himself and his family as well. Most types of AI require intensive dental care, 

which can take time and place a major burden on services, patient and families 

as the evidence has shown. In this audit treatment burden investigated in 56 

of the patients. treatment plan carried out either under local anaesthesia, 

inhalation sedation or general anaesthesia differs from patient to another. Also, 

multi-disciplinary approach in some of the cases involving orthodontic, 

restorative and lab work will raise the demand to services. 

 
These observations will form the foundation of the advancement of care 

approaches and seek to enhance the management of AI with emphasis on 

patient’s quality of care by understanding of the burden and impact of care and 

by the need for developing a clearer pathway of specialist services. 
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At present, no quality of care set for AI patient management while multi- 

disciplinary approach can be beneficial. Considerable time and effect 

expenditure have been demonstrated. Therefore, this field needs further 

progress with a focus on effective care for AI patients in the paediatric 

department. 

 
As this service evaluation shows more failed composite restorations occurred 

in hypocalcified 25% and mixed type 23% with debonding being the most 

common reason it was important to look at the current evidence of bonding 

strength to AI affected teeth. 

 
This service evaluation has been published at the European Archives of 

Paediatric Dentistry Journal on the 19 June 2021 (Appendix 3: Published paper 

at European Archives of Paediatric Dentistry). 
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3.  Bonding Strength to Teeth with Amelogenesis Imperfecta: A 

Systematic literature review 
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3.1. Study Aim 
 

To review the available scientific evidence on the adhesive interface between 

teeth affected with AI and restorative materials in order to recognize the 

techniques which can enhance their reliability and durability in the different 

types of AI. 

 

3.2. Material and methods 
 

Inclusion and Exclusion Criteria 
 

Studies eligible for inclusion had to be laboratory or clinical research related 

to bonding to AI affected teeth. There were no limitations on language or 

time. 

 
Inclusion criteria were as follows: 

• Original articles in humans 

• adhesive materials bonded to AI affected teeth 

• bonding system to AI teeth 

• restorative materials on AI teeth 
 

The exclusion criteria were as follows: studies not related to bonding of 

adhesive materials to AI affected teeth, single case reports, studies looking 

at the treatment technique and all vivo studies excluded. 
 

Search strategy 
 

A systematic literature search was conducted using search terms in both 

electronic search through Medline (Ovid)/ PubMed, the Cochrane library, 

Google Scholar, hand search journals and websites. 

 
The search method was constructed from keywords related to Amelogenesis 

Imperfecta along with bonding adhesives keywords. This method was 

structured as follows: hypoplastic or hypocalcified or hypomature or 
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hypomineralisation or hypomineralization or amelogenesis imperfecta or AI 

and bond strength or adhesive or bonding or resin or composite or restorations 

or retention or survival or durability or longevity or sealant or infiltration. 

 
The searched articles were between 1967 and 2020.The reference list of the 

originally collected studies were scanned by hand for possible relevancy of 

papers. The search was carried out between August 2019 and February 2020 

Figure 3-1. 
 
 
 

Data Extraction and analysis 
 

The data were extracted independently by two authors (HA, PA). For lab- 

based studies, the number of participants (teeth) with AI / control, storage 

media, bonding protocols and materials used, the test carried out, and the 

outcomes were recorded. For clinical trials, the study design, sample size and 

age range of participants, methodology, follow up and the results were 

obtained. The classification of AI used in this review was according to the mode 

of inheritance, clinical and radiographic phenotype, molecular defect, and 

biochemical result if known (Aldred et al., 2003). Any potential conflict was 

resolved by discussion between the authors. 
 

Quality assessment 
 

For the non-RCT studies the Newcastle Ottawa Scale (NOS) was used to 

assess the methodological quality. Based on three predefined domains which 

each contains 8 elements, the NOS measures the quality of evidence from the 

score of zero to nine, including: participant selection, comparability, and 

outcomes. A study with a grade of 0-3 very high risk of bias (poor quality), 4-6 

has high risk (fair quality) and 7-9 is high quality. 

 
. 
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For randomized control trials, we used the Cochrane risk-of-bias tool for 

randomized trials (RoB2) (Sterne et al., 2019). 

 
shown in 

 
 

3.3. Results 
 

Study Selection 
 
 

The article selection process summarized in Figure 3-1. The initial search found 

463 eligible papers, and titles and abstracts were assessed by two authors (HA, 

PA). The full text of articles was retrieved and screened according to inclusion 

criteria resulting in 12 studies: 8 laboratory and 4 clinical studies. 

 
Results of the quality assessment are as described in Table 3-1 and shown in 

Figure 3-2 with studies being of fair to high quality. Articles selected are shown 

in Table 3-3 and Table 3-4. 

 
 
 
 
. 



 

 
 
 
 
 
 
Figure 3-1 Flow chart describing searching 
strategy 

 
 
 

 
 

Assessed for eligibility screen by title 
(n= 463) 

 
Full text articles screened for 

relevancy 
 

(n= 35) 

 
 

Screening by abstract 

Database 
Medline (Ovid) n= 441 
Hand search journals, websites n= 21 
Miscellaneous n=1 

 
The final update of the search was 20/02/20 

Citation and abstracts screened for 
relevancy 

 
(n= 149) 

 
o Bonds to MIH 
o In Vivo studies 
o Single case report 
o Narrative Review 
o Not Amelogenesis Imperfecta 
o Duplicated 

 
Excluded 
(n=314) 

 

Included 
(n= 12) 

 
Excluded 
(n= 23) 
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Study ID Selection Comparability* Outcome Total 
Representativeness 
of exposed cohort 
(⋆) 

Selection 
non- 
exposed 
cohort 
(⋆) 

Ascertainment 
of exposure 
(⋆) 

Outcome of 
interest was 
not present at 
the start of the 
study 

(⋆⋆) Assessment 
of outcome 
(⋆) 

Adequacy 
of follow 
up (⋆) 

(Ahmed et al., 
2019) 

⋆ ⋆ ⋆ ‐ - ⋆ ⋆ ⋆ * ⋆ ⋆ ⋆ ⋆ ⋆ (6) 

(Bayrak et al., 
2019) 

⋆ ⋆ ⋆ - * ⋆ ⋆ ⋆ * ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ (7) 

(Epasinghe and 
Yiu, 2018) 

⋆ ⋆ ⋆ ‐ * ⋆ ⋆ ⋆ * ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ (7) 

(Chougule et al., 
2018) 

⋆ ⋆ ⋆ ‐ * ⋆ ⋆ ⋆ * ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ (7) 

(Yaman et al., 
2014) 

⋆ ⋆ ⋆ ‐ - ⋆ ⋆ ⋆ * ⋆ ⋆ ⋆ ⋆ ⋆ (6) 

(Lundgren and 
Dahllöf, 2014) 

⋆ ⋆ ⋆ ‐ * ⋆ ⋆ ⋆ * ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ (7) 

(FARIA‐e‐SILVA 
et al., 2011) 

⋆ ⋆ ⋆ ‐ * ⋆ ⋆ - * ⋆ ⋆ ⋆ ⋆ ⋆ (6) 

(Markovic et al., 
2010) 

⋆ ⋆ ⋆ ‐ - ⋆ ⋆ ⋆ * ⋆ ⋆ ⋆ ⋆ ⋆ (6) 

(Sönmez et al., 
2009) 

⋆ ⋆ ⋆ ‐ * ⋆ ⋆ ⋆ * ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ (7) 

(Şaroğlu et al., 
2006) 

⋆ ⋆ ⋆ ‐ * ⋆ ⋆ - * ⋆ ⋆ ⋆ ⋆ ⋆ (6) 

(Seow and 
Amaratunge, 
1998) 

⋆ ⋆ ⋆ ‐ * ⋆ ⋆ ⋆ * ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ (7) 

 

Table 3-1 Quality assessment of studies using Newcastle-Ottawa scale for assessing studies in the systematic review, blue colour 
to indicate clinical studies 
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Study D1 D2 D3 D4 D5 Overall  Judgment 
 
Pousette Lundgren 
et al., 2015 

 
 
 

+ 

 
 
 

+ 

 
 
 

+ 

 
 
 

+ 

 
 
 

+ 

 
 
 

+ 

+ 
! 

Low risk 
Some 
concerns 
High risk 

D1: Randomization process 
D: Deviations from the intended 
interventions 
D3: Missing outcome data 
D4: Measurement of the outcome 
D5: Selection of the reported result 

 

 
 

Figure 3-2 Quality assessment adopted from Cochrane Collaboration risk-of-bias tool for randomized trials (RoB2) for randomized 

controlled trials 
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Numbers and types of samples included 

 
The laboratory studies included looking at different types of AI, hypocalcified AI 

was the most common type (5 studies), and one study in each of the following 

types: hypomature AI, hypoplastic AI and finally a hypoplastic and 

hypomineralized type of AI. The number of primary teeth included in the five 

laboratory studies investigated hypocalcified AI were 42 teeth and 18 

permanent teeth. The study which examined the hypomature AI obtained 40 

permanent teeth for both control and intervention groups. In the hypoplastic AI 

study 35 teeth were included as shown in Table 3-2. 

 
Table 3-2 Number of samples in laboratory studies 

 
 

Type of AI Number of 
studies 

Primary teeth (Sample both 
study and control) 

Permanent teeth (Sample both 
study and control) 

Total 

Hypocalcified 
AI 

5 42 18 60 

Hypomature AI 1 - 40 40 

Hypoplastic AI 2 3 32 35 

 
Two clinical studies investigated hypoplastic and Hypomineralized/ Hypomature 

types of AI. Also, a case series studied different types of AI as followed: 

hypoplastic, hypomature and hypocalcified. Furthermore, one clinical study 

looked at hypocalcified AI solely. The number of samples according to the types 

of AI in each clinical study included in the review are described in Table 3-3. 
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Table 3-3 Number of samples in clinical studies 
 

Type of AI Sample Age (year) 
15 – Hypoplastic 
12 – Hypomineralized/Hypomature 

27 patients 

227 permanent teeth 

11 – 22 

38 – Hypoplastic 
44 – Hypomineralized/Hypomature 

82 patients 6 - 25 

Hypocalcified 4 patients 

32 permanent teeth 

8 -11 

8 – Hypoplastic 
2 – Hypomature 
2 - Hypocalcified 

12 patients 4 - 17 

 
 

Study characteristics 
 

Eight laboratory in vitro experiments were included: all studies used (AI affected 

extracted teeth) and control group. some of the studies also indicates the 

severity of AI affected extracted teeth. Three of them assessed adhesion quality 

by microtensile bond strength tests, followed by failure analysis, two used 

micro-shear bond strength tests without failure mode analysis (FARIA‐e‐SILVA 

et al., 2011, Chougule et al., 2018, Yaman et al., 2014). Three studies tested 

effects of deproteinization on bond strength with 5% NaOCI. Two examined 

etching patterns using 34% and 37% phosphoric acid and another study looked 

at etching patterns of 5.25% sodium hypochlorite by using scanning electronic 

microscope (SEM) (Bayrak et al., 2019, Sönmez et al., 2009, Şaroğlu et al., 

2006). Among two of the previous studies evaluated microhardness differences 

for AI affected teeth (FARIA‐e‐SILVA et al., 2011) as summarized in Table 3-3. 

 
Four clinical studies included: one randomized control trial during 24 months of 

follow up with a randomized split mouth design and a patient - blind data 

acquisition protocol, assessed the quality and longevity of Procera and IPS 

crowns, with 27 enrolled patients aged between 11 to 22 years of age (Pousette 

Lundgren et al., 2015). A cross sectional, retrospective study assessed the 

longevity of dental restoration in 82 patients, 6 to 25 years with mean age 14.5 
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years (Lundgren and Dahllöf, 2014). Another case series study with a non- 

randomized convenience sample of 12 patients with follow up postoperatively 

varied for 2 to 11 years (Markovic et al., 2010). The adhesive bond strength 

described according to the type of AI as follows: 

 
1. Hypoplastic AI: Yaman et al investigated the microtensile bond strength 

of self-etch (SE) and etch-and-rinse (ER) adhesive systems to 

hypoplastic enamel of AI teeth. The adhesive’s bond strength to the 

enamel affected by AI was significantly lower than that of normal enamel, 

the average µTBS results for research groups shown in Table 3-4. But it 

also shows better adhesive bond strength in comparison to the 

Hypocalcified AI (HCAI) were 14,2 MPa with the etch-rinse (ER) Adoper 

Single Bond 2 adhesive system in the study by Faria-E-Silva et al. 

 
 
Table 3-4 Microtensile bond strength of adhesive systems to the enamel 
affected by HPAI and control groups. 

 
 

Groups Bond strength (MPa) 

Group 1 (ER-control) 31.59 

Group 2 (ER-HPAI) 19.63 

Group 3 (SE-control) 29.24 

Group 4 (SE-HPAI) 18.21 

 
 

2. Hypomature AI: Chougule et al measured the shear bond strength (SBS) 

on orthodontic brackets by a conventional bonding procedure to 

hypomature AI teeth which has shown the lowest SBS at 5.48 MPa 

versus control group which was at 11.5 MPa. 

 
3. Hypocalcified AI: 

 
 

a. Enamel and dentin shear bond strength were investigated by Şaroğlu 

et al in his study. The enamel shear bond strength of hypocalcified 
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AI teeth (13.92 MPa) was significantly lower than sound primary teeth 

(27.77 MPa). In addition, bond strength to dentin of HCAI teeth 

showed lower values (10.08 MPa) in comparison to normal teeth 

dentin (18.52 MPa). 

 
b. Faria-E-Silva et al investigated the hardness and micro-shear bond 

strength for both the enamel and dentin of permanent hypocalcified 

AI teeth. The hardness of sound enamel (360.4 KHN, kgf/mm2) was 

greater than the hardness of hypocalcified enamel of AI teeth (53.3 

KHN, kgf/mm2), while the hardness of dentin did not vary between 

sound or hypocalcified AI teeth. The dentin bond strength for both 

sound and AI affected teeth (24.6 MPa, 30.3 MPa respectively) was 

substantially higher than the enamel bond strength for the control 

group 24.0 MPa and intervention HCAI group 14.2 MPa. 

 
c. In his study, dentine of Hypocalcified AI teeth were tested to 

investigate the effects of additional etching on microtensile bond 

strength. He found that that bond strength to dentine of HCAI affected 

teeth 19.27 MPa was substantially lower than that of sound dentine 

which was at 26.26 MPa. Additional phosphoric acid etching greatly 

decreased the bond strength of adhesive to sound dentine at 29 .44 

MPa and did not enhance the bond strength to hypocalcified AI 

(24.62 MPa) (Epasinghe and Yiu, 2018). 

 
In the clinical studies included in this review: 

o Hypocalcified AI: One randomized control trial included in the 
study, compared two different types of crowns Procera and 
IPS e-max and found no significant difference in quality 
between two crowns with success rate of 97% after 2 years 
and significant decrease in post treatment tooth sensitivity 
(Pousette Lundgren et al., 2015). 

 
o different types of AI (Hypoplastic & Hypomature): In another 

cross sectional, retrospective study by Lundgren et al found 
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that longevity of composite resin and glass ionomer 

restorations less than control group or the prosthetic crown 

treatment. As well as shorter longevity for mixed 

amelogenesis imperfecta compared to hypoplastic AI. After 5 

years, the survival rate of composite resin restorations in AI 

affected teeth was 50%, which was substantially less than the 

80% survival rate in the control group. 

 
o Hypoplastic, Hypomature and Hypocalcified AI: non- 

randomized convivence sample in a case series with different 
restorative treatment modalities provided for a follow up period 
varied from 2 to 11 years. 

 
o Hypocalcified AI: a study investigated the clinical success of 

deproteinization. 
 
 
 

Via these clinical based and laboratory trials, various bonding protocols have 

been applied to enhance adhesion to AI affected teeth. Four experiments 

evaluated different adhesives forms (etch and rinse adhesives, self-etch 

adhesives, or universal adhesives) (Epasinghe and Yiu, 2018, Sönmez et al., 

2009, Şaroğlu et al., 2006, Bayrak et al., 2019). Four studies applied 

deproteinization method sodium hypochlorite (NaOCI application). 

 
All the studies included evaluating bonding to AI affected teeth with normal 

enamel showed substantially lower strength in bonding to AI affected teeth. 
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Table 3-5 The laboratory studies included: features of the teeth, materials, bonding technique, tests, and findings: 
 

Author, 
year 

Number 
of 
AI- 
affected 
teeth 

Number 
of 
Sound 
teeth 

Type & 
Severity of AI 

Tooth 
storage 
media 

Materials 
used 

Bonding 
protocol 

Performed 
tests 

Results 

(Chougule 
et al., 2018) 

30 10 Hypomature AI 
 
- severity: not 
described 

24-h 
storage in 
distilled 
water at 
37ºC: 

-5% NaOCI 
- 2% NaF 
- 37% 
phosphoric 
acid 
- Transbond 
XT primer 
(3M Unitek) 
- Transbond 
XT adhesive 
(3M Unitek) 
- Universal 
testing 
machine 
(UTM) 

For all groups: 
no grounded of 
enamel, 
phosphoric acid 
etching (15s), 
washed and 
dried until 
frosty 
appearance. 

 
Group I 
(control): 
dried, primer on 
bracket, 
adhesive (thin 
coat) centre of 
crown, air 
thinning, 
composite, light 
cure (40s) 

 
Group II: same 
as control 
group but 

 
 
μSBS test 
(UTM) 

μSBS: 
 
Gr 1 (control): 11.505 
MPa 

 
Gr 2 (conventional 
bonding procedure): 
5.48 MPa 

 
Gr 3 (NaOCI 
conditioning): 6.659 
MPa 

 
Gr 4 (NaF 
conditioning): 
7.651MPa 

 
μSBS: very substantial 
difference between the 
strength of all four 
groups were observed. 
In AI cases, brackets 
bonded by conventional 
technique displayed 
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      bracket bonded 
on hypomature 
enamel of AI 
teeth 

 
Group III: rinse 
(15s), dry, 5% 
NaOCI (1 min), 
etching (15s), 
rinse & drying, 
primer and 
adhesive (thin 
coat), light cure 

 
Group IV: 2% 
NaF (4 min), 2* 
rinse (5 min), 
etching, rinse & 
dried, primer 
and adhesive, 
light cure 

 lower SBS than NaOCI 
and NaF. 
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(Epasinghe 
and Yiu, 
2018) 

4 4 Hypocalcified AI 
 
All enamel had 
chipped 
exposing 
dentine with 
yellowish-brown 
discoloration 

5% 
chloramine 
T at 4º C 
(Maximum 
6 months) 

-Clearfil SE 
bond 
(Kuraray, 
okayama, 
Japan) 
-Caulk tooth 
conditioner 
gel (Dentsply 
De Trey, 
York, PA, 
USA; 34% 
phosphoric 
acid 
-Microhybrid 
composite 
(Filtek Z250; 
3M ESPE, 

Normal teeth 
were grounded 
with 180-grit 
silicon carbide 
paper under 
running water 
(30s). The AI 
teeth prepared 
without 
instrumentation 
and the bonded 
surface was 
therefore clear 
of smear layer. 
Two groups 
according to 
the presence 
and absence of 
the etching 
step: 
Group 1: 
adhesive, light 
cure, 
composite 
placement 
Group 2: 
etching (15s), 
rinsing (15s), 
drying, 
adhesive, 
composite 
placement 

After 24-h 
storage in 
distilled 
water at 
37ºC: μTBS 
test + failure 
analysis 
(UTM, SEM) 

μTBS of Clearfil SE 
bond to normal and AI 
affected teeth: 
Clearfil SE Bond only: 
* Sound dentine 36.16 
MPa 
* AI affected dentine 
19.27 MPa 
2. (SE with etching): 
* Sound dentine 29.44 
MPa 
* AI affected dentine 
24.62 MPa 
μTBS: significant 
difference between 
sound and AI affected 
dentine. 
Additional etching: 
Adverse effect on 
adhesive to sound 
dentine 
No improvement on 
adhesive to AI affected 
dentine 
Failure Analysis: 
Both AI affected teeth 
exhibited similar pattern 
of failure 
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(Yaman et 
al., 2014) 

18 14 Hypoplastic AI 
 
- 

0.9% 
sodium 
chloride in 
water at 4º 
C for one 
week 

- Adoper 
single Bond 
2 3M ESPE, 
USA 
- Clearfil SE 
bond 
(Kuraray, 
Kurashiki, 
Japan) 
-Filtek 
Supreme XT 
3M ESPE, 
Germany 

-For all groups: 
bonding mesial 
and distal of 
enamel 
surface, 
grounded 
enamel (600- 
grits), washing 
(15 s). 
Group I & II: 
ER adhesive 
(control) & ER 
adhesive (HPAI 
affected 
enamel), 
etching (15s), 
rinsing (15s), 
adhesive (2 
coats), air 
thinning (5s), 
light cured 
(10s), 
composite 
placement, light 
cured /layer 
(20s). 

 
Group III & IV: 
SE adhesive 
(control) & SE 
adhesive (HPAI 
affected 

μTBS 
test + failure 
analysis 
(UTM, SEM) 

μTBS: 
Gr 1 (ER- control): 
31.59 MPa 
Gr 2 (ER- HPAI): 
19.63MPa 
Gr 3 (SE - control): 
29.24MPa 
Gr 4 (SE- HPAI): 18.21 
MPa 

 
μTBS: No significant 
difference between SE 
and ER adhesives. 
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      enamel), SE 
primer (20s), 
air thinning, 
adhesive, air 
drying, light 
cure (20s), 
composite 
placement, light 
cured/ layer 
(20s) 

  

(FARIA‐e‐ 
SILVA et al., 
2011) 

5 5 Hypocalcified AI 
 
 

- severity not 
described 

0.05% 
thymol 
saline 
solution 
(maximum 
3 months) 

-5% NaOCl 
- Single 
Bond 2 (3M 
ESPE, USA) 

 
-Filtek™ 
Z350 
restorative 
(3M ESPE) 

-For all groups: 
Enamel surface 
was grounded 
1200 grit for 
enamel test 
-Half the 

number hemi- 
sectioned teeth 
received 
conventional 
bonding 
procedure 
- the other 
corresponding 
half of the 
same tooth was 
immersed in 
5% NaOCI 
(Washed 
and air -
dried) 

Microshear 
bond strength 
test + Knoop 
Hardness 
number for 
both enamel 
and dentin 
(MTM, KHN) 

μSBS: 
Gr 1 - Enamel (ER- 
control): 24.0 MPa 

 
Gr 2 – Enamel (ER- 
HCAI): 14.2 MPa 

 
Gr 3 - Dentin (ER - 
control): 30.3 MPa 

 
Gr 4 – Dentin (ER- 
HCAI): 24.6 MPa 

 
Hardness (KHN, 
kgf/mm2): 
Gr 1 - Enamel 
(control): 360.4 

 
Gr 2 – Enamel (HCAI): 
53.3 
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      All samples: 
ER adhesive 
applied 
according to 
manufacturer’s 
instructions, air 
thinning (5s), 
light cured 
(10s), 
composite 
placement, light 
cured (20s) 

 
For all groups 
Enamel surface 
was wert 
grounded again 
for 600 and 
1200 grit for 
Dentin test 

 Gr 3 - Dentin (control): 
51.1 

 
Gr 4 – Dentin (HCAI): 
57.1 

 
μSBS: significant 
difference between the 
dentin bond strength 
and enamel bond 
strength in both sound 
and AI affected teeth 
-Exposure to NaOCI did 
not affect or enhance 
the bond strength for 
control and study 
groups 
-Positive linear 
behavior between 
enamel hardness and 
bond strength 

(Şaroğlu et 
al., 2006) 

7 7 Hypocalcified AI 
 
Advanced 
destruction of all 
the teeth with 
generalized 
yellow brown 
discoloration of 
enamel 

storage in 
deionized 
water until 
used 

20% 
phosphoric 
acid (Heraus 
Kulzer, 
Germany) 
5% NaOCI 
Gluma One 
Bond 
(Heraus 
Kulzer, 
Germany) 

Enamel 
surfaces of all 
samples were 
moist grounded 
(200 – 400 and 
600 grit) 

 
Group 1 
(control): 
- enamel and 
dentine 

After 24-h 
storage in 
deionized 
water at 
37ºC: μSBS 
test (UTM) 

μSBS: 
 
(Control and 
deproteinized enamel 
surfaces): 
Gr 1 (control + sound): 
27.77 MPa 
Gr 2 (control + HCAI): 
13.92 MPa 
Gr 3 (NaOCI + sound): 
23.74 MPa 
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     - 
Charisman 
microfilled 
composite 
(Heraus 
Kulzer, 
Germany 

surfaces of 
HCAI and 
sound primary 
teeth were 
etched (20s), 
washing (5s), 
drying (1 - 2s) 

 
Group 2 
(study): 
-Application of 
5% NaOCI 
(60s) after 
etching, 
washing, 
drying, 
adhesive (2 
coats), 
composite 
placement, light 
cured (60s) 

 Gr 4 (NaOCl + HCAI): 
27.36 MPa 

 
(Control and 
deproteinized dentin 
surfaces): 
Gr 1 (control + sound): 
18.52 MPa 
Gr 2 (control + HCAI): 
10.08 MPa 
Gr 3 (NaOCI + sound): 
19.91 MPa 
Gr 4 (NaOCl + HCAI): 
9.13 MPa 

 
 

μSBS: significant 
enhancement in enamel 
bond strength in 
treatment group 
compared to 
conventional procedure 

 
Application of NaOCI 
did not affect dentin 
bonding in control and 
treatment groups 

(Bayrak et 
al., 2019) 

9 9 Hypocalcified AI 
with 
physiological 
root resorptions 

0.1% 
thymol at 
25º C 

- 37% 
phosphoric 
acid etchant 
(Bisco, 

all samples 
were moist 
grounded (320, 

After 24-h 
storage in 
deionized 
water at 

μTBS: 
Group 1: 
(control + sound): 19.44 
MPa 
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     Schaumburg, 
USA) 
- 5% NaOCI 
(Werax, 
Spotdent, 
Turkey) 
- 0.12% 
aqueous 
CIO2 
(Solumium 
Dental, 
Hungary) 
- Single 
Bond 2 (3M 
ESPE, USA) 
-Filtek™ 
Z250 
restorative 
(3M ESPE) 
-Light cure 
(Elipar Free 
light II, 3M 
ESPE) 

400 and 600 
grit) 

 
Group 1 
(control): 
etching (30s), 
rinsing, drying 
Group 2 
(NaOCI): 
etching (30s), 
rinsing & 
drying, 5% 
NaOCI (60s), 
rinsing & drying 

 
Group 3 
(CIO2): etching 
(30s), rinsing, 
drying, 0.12% 
CIO2 (60s), 
rinsing and 
drying 

 
For all groups: 
adhesive (20s), 
air thinning 
(5s), light cure 
(10s), 
composite 
placement 

37ºC: μTBS 
test + failure 
mode (UTM) 

(control + HCAI): 12.20 
MPa 
Group 2: 
(NaOCI + sound) 20.47 
MPa 
(NaOCI + HCAI) 13.12 
MPa 
Group 3: 
(CIO2 + sound) 24.4 
MPa 
(CIO2 + HCAI) 15.51 
MPa 

 
μTBS: No substantial 
difference between 
control values and the 
NaOCI groups was 
observed. Nevertheless, 
the CIO2 results was 
significantly higher than 
the control and NaOCI 
groups. 
Failure analysis: 
Mainly adhesive failure 
was observed 
No mixed failure 
identified 
cohesive in dentin 6% 
(only for HCAI enamel) 
Cohesive failure in 
sound teeth 3% 
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(Seow and 
Amaratunge, 
1998) 

5 2 Hypoplastic and 
Hypomineralized 
AI 

 
 
- 

The 
patients had 
kept their 
teeth dry 
until the 
time of 
study 

37% 
phosphoric 
acid 
0.5% NaOCI 
50 mm of 
silver 

Teeth were 
immersed in 
ultrasonic bath 
of 0.5% NaOCI 
(30 mins), 
drying, etching 
(60s), washing 
(60s), drying, 
teeth coated 
(50 mm silver) 

Etching 
patterns 
(SEM) 

In sound teeth group 
type 1 and 2 patterns 
were observed 
Etching pattern of AI 
teeth: 
Pitted HPAI: type I 
pattern 
X-linked (female): type II 
pattern 
X-linked (male): type III 
pattern 
Hypomineralized: equal 
distribution of type I, II, 
III patterns 
Smooth hypoplastic: no 
significant change 

(Ahmed et 
al., 2019) 

10 
(study 
group 
HCAI 
pre- 
treated 
with 
NaOCI) 

10 (control 
group 
HCAI 
etched 
with 
phosphoric 
acid) 

Hypocalcified AI 
- 

In distilled 
water at 
room 
temperature 

37% 
phosphoric 
acid 
5% NaOCI 

Group 1 
(control): 
etching (15s), 
washing, and 
drying (10s) 
Group 2 
(study): 5.25% 
NaOCI (20s), 
rinsing (20s), 
drying (10s), 
etching (15s) 

Samples fixed 
in 25% 
glutaraldehyde 
in phosphate 
buffer, 
washing and 
drying for 
analysis of 
etching 
patterns 
(SEM) 

Etching patterns: 
Group 1: showed type I, 
II and predominance of 
type III (65.63%) etching 
patterns 
Group 2: display surface 
roughness with 
predominance of type 1 
& 2 etching patterns 
5.25% NaOCI prior for 
etching enhances the 
etching patterns 
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Authors, 
year 

Study 
design 

Study 
design 

Number 
of 

patients 
 

(Age 
range) 

Number 
of 

AI teeth 

Control 
group 

Type & 
Severity of 

AI 

Materials 
used 

Bonding protocol Follow up Results 

(Pousette 
Lundgren 
et al., 2015) 

Prospective, 
randomized, 
single-blind 
clinical trial (a 
split-mouth 
experimental 
design) 

27 (11 – 
22 yr.) 

119 
Procera 
crowns 

108 IPS 
emax 
crowns AI 
affected 
teeth 

Hypoplastic 
and Mixed AI 

 
 

Severity – not 
described 

- Procera 
crowns 

 
- zirconia inner 
coping 

 
- IPS emax 
crowns 

Group 1: 119 Porcera 
crowns 

 
Group 2: 108 IPS Emax 
press crowns (without 
zirconia inner coping) 

- Permanent restoration 
monitored at 1, 12, and 24 
months (100% overall 
recall rate) 

 
- Each visit: quality of 
restorations, comparing 
anatomic form, marginal 
integrity, surface, and 
colour (according to 1977 
California Dental 
Association Guidelines), 
caries, gingival bleeding, 
trauma history, 
endodontic problems 

 
- X-rays follow up: apical 
radiograph at 2 years 

-No significant 
difference between 
Porcera and IPS 
e.max press crowns. 

 
-In 97 % of crowns in 
both crown groups 
had excellent or 
acceptable quality 
after 2 years. 

 
-Significant reduction 
in tooth sensitivity 

 
-3% of crowns had 
endodontic 
complications 

(Lundgren 
and 
Dahllöf, 
2014) 

retrospective 
cross- 
sectional 
study 

82 (6 – 
25 year) 

326 
composite 
resin 
restoration 

63 
composite 
resin 
restoration 

 
15 – 
Hypoplastic 

 
12 - 
Hypomature 

 
 
 

- 6 mild 
- 30 moderate 
- 46 severe 

Clinical cross 
sectional 
Retrospective 
study of dental 
records 

- Clinical examination: family 
history, caries, gingival 
bleeding index, number of 
restorations, type of 
restorations, quality of 
restorations, comparing 
anatomic form, marginal 
integrity, surface and colour, 
bitewings x-rays if available 
radiograph more than 2 
years. 

 
- Data from dental records 
10 years and more: 
calculation of longevity of the 
restorations in months, date 
of restoration at the start, 
date of replacement or 

- - longevity of dental 
restorations was 
significantly lower in 
AI patients. 

 
- 24.7% of the AI 
group require 
replacement during 
the observation time 

 
- Mix AI have shorter 
restorations 
longevity than 
Hypoplastic AI 

 
- Composite 
restorations lower 

 
Table 3-6 The clinical studies included: study design, teeth characteristics, materials, bonding protocol, follow-up, and results 
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       extraction as end point, 
indication and cause of 
failure for restoration 

 survival than 
Porcelain crowns 

(Sönmez et 
al., 2009) 

Case control 
study 

4 (8 -11 
year) 

14 18 Hypocalcified 
AI 

- 20% 
Phosphoric 
acid (Heraeus 
Kulzer) 
- Gluma one 
bond (Heraeus 
Kulzer) 
- strip crowns 
(Swedent, 
Akarp) 
- Charisma 
composite 
(Heraeus 
Kulzer) 
- light cure 
(Polofil Lux 
unit, Voco) 

Group 1 (control): 20s 
etching, rinsing 5s, drying 1- 
2s, adhesive (2 coats), light 
cure 20s, composite 
placement 

 
Group 2 (treatment): etching 
20s, 5% NaOCI 60s, rinsing, 
adhesive, composite 
placement 

Clinical success: US 
Public Health Service 
(USPHS) modified Ryge 
criteria up to 36 months 

- Deproteinization 
had no significant 
effect on the 
success of the 
adhesive 
restorations 

(Markovic 
et al., 2010) 

Case series 
(non- 
randomized 
sample) 

12 (4 – 
17 year) 

- - 8 -Hypoplastic, 
2 Hypomature, 
2-Hypocalcified 

 
- Severity not 
described 

- full dental 
treatment 

 
- photographs 

Case series of 12 patients 
with full preventive and 
treatment plan 

Treatment follow up 
between 2- 11 years with 
a recall every 3 months 

- Complex dental 
treatment 

 
- No measurement 
of failed restorative 
treatment 

 
 

Table 3-7 The clinical studies included: study design, teeth characteristics, materials, bonding protocol, follow-up, and results, 
continued 
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Types of bonding 
 

Different adhesives 

Various types of adhesives used in the laboratory studies included in the 

review. Those are described according to the AI type: 

 
Epasinghe and Yiu et al, Yaman et al and FARIA‐e‐SILVA et al evaluated the 

use of a self-etch adhesives (SE) (Clearfil TM SE Bond) and a etch and rinse 

(ER) (Adoper Single Bond 2 3M ESPE). 

• Hypoplastic AI: Yaman et al was the only study which compared the use 

of self-etch (SE) with a etch and rinse adhesives, found no significant 

differences (Clearfil TM SE Bond 19.63 MPa and Adoper Single Bond 

2 3M ESPE 18.21 MPa). 

• Hypomaturation AI: In his research Chougule et al has used 37% 
orthophosphoric acid for 15s and a thin coat of Transbond XT primer 
and adhesive (3M Unitek) in all the groups. 

• Hypocalcified AI: 

1) Epasinghe et al tested the self-etch adhesive, the Clearfil TM SE 

bond to sound dentine and dentine of HCAI in one group and an 

additional etching step with 34% phosphoric acid for the 

intervention group with the same Clearfil TM SE adhesive. 

2) In his study, assessed the two steps, etch and rinse adhesive with 

self-etch Adoper Single Bond 2 (3M ESPE) was applied to all 

samples to examine the microshear bond strength (FARIA‐e‐ 

SILVA et al., 2011). 

3) Another study conducted by Bayark et al, assessed microtensile 

bond strength where all the samples were bonded with self-etch 

Single Bond adhesive (3M ESPE). 

4) Primary teeth affected with Hypocalcified AI were examined for 

shear bond strength. Teeth were etched only with 20% of 

phosphoric acid (Heraus Kulzer, Germany) and two layers of 

etch and rinse adhesive of Gluma One Bond (Heraus Kulzer, 

Germany) were applied to samples (Şaroğlu et al., 2006). 
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In the clinical studies, one study carried out by Sönmez et al. on clinical 

success of deproteinization on hypocalcified AI affected teeth. Similar to the 

bonding protocol done by Şaroğlu et al the teeth were also etched only with a 

percentage of 20 of phosphoric acid (Heraus Kulzer, Germany) and two layers 

of etch and rinse adhesive of Gluma One Bond (Heraus Kulzer, Germany) 

were applied to samples. (Sönmez et al., 2009) 

 
Epasphinge et al evaluated bond strength of self-etch adhesives to dentine 

with Clearfil TM SE Bond on the presence and absence of the etching step, 

found bond strength to AI affected teeth significantly lower than the normal 

(Clearfil TM SE Bond 19.27 MPa to AI affected teeth and 36.16 MPa to sound 

dentine). Extra phosphoric acid etchant substantially reduced the bond strength 

of Clearfil TM SE Bond to sound teeth and further etching step did not improved 

the bond strength of Clearfil TM SE Bond to AI affected teeth. 

 
FARIA‐e‐SILVA et al assessed the two steps, etch and rinse adhesive with 

Adoper Single Bond 2 (3M ESPE) between AI affected enamel and dentine, 

bond strength of dentine (24.6 MPa) higher than the bond to enamel (14.2 

MPa). 

 
Yaman et al reported that the most common mode of failure was adhesive 

failure at the resin / enamel interface of approximately 35.7% of the ER-HPAI 

and 28.4% of the SE-HPAI and mixed failures with partially cohesive failure in 

the dentine and resin adhesive. Also, Epasphinge et al found in his research a 

mixed mode of resin adhesive and dentine failures. In both studies, no 

association between mode of failure and the type of adhesive was reported. 
 

Deproteinization 
 
 

Enamel deproteinization with sodium hypochlorite was first proposed in 1994 

as a case study by Venezie et al. to enhance bonding of orthodontic brackets 

to hypocalcified AI affected teeth. Sodium hypochlorite is non-specific 
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proteolytic agent which is efficient in eliminating organic compounds without 

damaging tooth structure (Venezie et al., 1994, Mohammadi, 2008). The 

following studies looked at the enamel and dentine deproteinization according 

to the type of amelogenesis imperfect affected teeth. In another laboratory 

study, Ahmed et al showed significant improvement of etching patterns needed 

for good resin bonding, after using 5.25% NaOCI for 60s prior to acid etching 

(37% phosphoric acid gel). 

 
Sonmez et al evaluated the effect of clinical deproteinization on Hypocalcified 

AI permanent teeth with application of 5 percent sodium hypochlorite after a 

minute of acid conditioning, and after 36 months of follow up, had no significant 

impact on the effectiveness of adhesive restorations. 

Similarly, Faria E Silva et al reported that 5% sodium Hypochlorite prior for 

adhesive procedure on permanent HCAI teeth did not enhance bond strength 

of enamel and dentine for control and treatment sample groups. 

• Hypomaturation AI: 

A part of his study of shear bond strength, Chougule et al measured the 

SBS of bonded bracket after deproteinized teeth surfaces with 5% 

NaOCI. Teeth were acid etched with 37% orthophosphoric acid prior 

and after the application of sodium hypochlorite. The mean shear bond 

strength value of hypomature AI teeth shown an increase SBS from 

(5.48 MPa of conventional bonding group) to (6.65 MPa of NaOCI 

group). 

 
• Hypocalcified AI: 

a. Şaroğlu et al showed that application of 5% NaOCI for 1 minute after 

the application of acid conditioning in flat surface of 3 mm in diameter 

was prepared on primary teeth, enamel shear bond strength was 

significantly enhanced in HCAI teeth about 27.36 MPa versus 13.92 

MPa in the control group of HCAI. Furthermore, deproteinization had 

no significant effect on shear bond strength of dentine in both the 

HCAI and the control group of primary teeth. 

b. In another study, Bayark et al compare dentine deproteinization 

effects with sodium hypochlorite and chlorine dioxide, showed that 
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deproteinization with sodium hypochlorite (NaOCI) did not 

significantly affect micro-tensile bond strength of dentine in both the 

HCPAI and sound primary teeth compared to deproteinization with 

chlorine dioxide (CIO2) has significantly improved bond strength of 

both HCPAI and Sound teeth (NaOCI 13.12NaOCI 13.12 MPa vs 

CIO2 15.51 MPa in comparison to the tensile bond strength of 

control group of hypocalcified primary teeth 12.2 MPa.). 

 
c. Deproteinization with 5% sodium hypochlorite prior to etching the 

surface on permanent hypocalcified AI, did not show any influence 

on enhancement of bond strength to enamel or dentin of sound or 

AI affected teeth (FARIA‐e‐SILVA et al., 2011). 

 
d. In another laboratory study, Ahmed et al showed examined primary 

molars affected with hypocalcified AI to investigate the etching 

patterns after deproteinization. Teeth were pre-treated using 5.25% 

NaOCI for 60s prior to acid etching (37% phosphoric acid gel) and 

his findings concluded that the etching patterns which is needed for 

good resin bonding were significantly improved. 

 
e. Sonmez et al evaluated the effect of clinical deproteinization on 

Hypocalcified AI permanent teeth with application of 5% percent 

sodium hypochlorite after a minute of acid conditioning, had no 

significant impact on the effectiveness of adhesive restorations. 
 
 
 

Etching patterns 
 
 

Three studies have evaluated etching patterns of AI affected teeth under 

scanning electron microscopy (SEM). Seow et al examined five types of AI 

under SEM pitted and smooth hypoplastic, male and female x-linked form and 

hypomineralized in primary and permanent AI affected teeth with of 37% 

phosphoric acid application for one minute. 
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In sound teeth, type 2 and 3 etching patterns were observed. The three types 

of etching patterns were found to be distributed similarly in the 

hypomineralized form of AI. 

• Hypoplastic AI: 

o Yaman et al investigated variations in morphology of enamel 

surfaces treated with phosphoric acid etchant or self-etching 

primer. Application of 35% orthophosphoric acid for 30 

seconds to sound and HPAI affected teeth, resulting in a 

suitable etching pattern compared to the SE adhesive 

system, which produced shallow groves that demarcates 

incremental enamel growth and very small diameter like pits 

of prism core. No typical etching pattern was visible on HPAI 

enamel. The etched enamel surface often appeared to be 

coated with a fibrous layer. In contrast, 20 seconds of etched 

enamel surface with SE primer revealed a less unique 

pattern which created a very minor etching effect on HPAI, 

with most of the surface remaining unetched. 

 
• Hypoplastic / Hypomineralized AI: 

In examination of five types of AI affected teeth under SEM, pitted 

and smooth hypoplastic, male and female x-linked form and 

hypomineralized in primary and permanent AI affected teeth with of 

37% phosphoric acid application for one minute. In case of AI 

affected teeth, pitted hypoplastic form showed predominance of 

type 1 with preferential removal of the prism cores. In comparison, 

the main etching pattern in the x-linked (female) was type 2 in which 

the peripheries of the prims were dissolved. The etched enamel in 

the x-linked (male) variant displayed a type 3 pattern in which the 

prism dissolution pattern was irregular and did not appear to be 

connected to the prism structure. In sound teeth, type 2 and 3 

etching patterns were observed. The three types of etching patterns 

were found to be distributed similarly in the hypomineralized form of 

AI affected teeth in the study conducted by Seow et al. 
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• Hypocalcified AI: 

Ahmed et al findings were consistent with Seow and Amaratungo, 

comparing the etching patterns of hypocalcified primary AI molars into 

two groups: control samples were etched with 37% phosphoric acid for 

15 seconds and the study samples were pre-treated with 5.25% of 

sodium hypochlorite (NaOCI) for 60 seconds prior to acid etching. 

Under Scanning Electron microscopy (SEM) the two groups were 

analyzed independently. The etched hypocalcified enamel surfaces 

(control group) showed three distinct etching patterns, mainly type III 

etching (65.63%) followed by types I and II. On the contrary, the pre- 

treated hypocalcified surfaces (study group) showed significant surface 

roughness with type I and type II predominance (82.5%) etching 

patterns which is required for good adhesion. 
 
 

Mode of failure 
 

Analysis of fracture patterns and microscopic observation using scanning 

electron microscope (SEM) on fractured beams according to the type of AI 

affected teeth: 

 
• Hypoplastic AI: 

The mode of failure in the hypoplastic enamel mostly was due to 

adhesive failure between the interface of the resin and the enamel 

approximately 35.7% of the ER-HPAI and 28.4% of the SE-HPAI. Also 

mixed with partially cohesive failure exist between the dentin and resin 

(Yaman et al., 2014). 

 
• Hypocalcified AI: 

a. The failure mode was primarily found to be adhesive for both 

hypocalcified AI and sound primary teeth (Bayrak et al., 2019). 

b. The mode of failure of all the samples was categorized as 

cohesive failure within the resin adhesive, adhesive failure 
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between the resin / dentin, dentin cohesive failure and a mixed 

failure (Epasinghe and Yiu, 2018). 
 
 

Fluoride 
 
 

One study has evaluated the effects of 2% of sodium fluoride treatment in 

hypomaturation AI affected teeth. Application of fluoride to the surface of 

enamel of affected teeth can recover the mineral lost during the anomaly 

formation by facilitating remineralization and decreasing the solubility of tooth 

enamel while which will be providing etching patterns appropriate for 

composite placement. Chougule et al observed significantly greater shear 

bond strength when bonding orthodontic brackets to AI affected  teeth after the 

application of 2% sodium fluoride (NaF) for four minutes prior to       acid etching of 

tooth surface (Chougule  et al., 2018). Where the SBS of hypomature AI teeth 

treated with sodium fluoride demonstrated a higher value of bond strength at 

7.65 MPa in comparison to the conventional bonding group and sodium 

hypochlorite group at 5.48 MPa, 6.65 MPa respectively. 
 
 
 

Resin Infiltration and sealant 
 
 

None of the laboratory studies investigated Icon infiltration and its effects on 

the bond strength and failure pattern when NaOCI was applied after or before 

etching and prior for Icon application. Also, sealant bonded to AI affected teeth 

in comparison to those bonded to sound teeth and the quality of NaOCI when 

added to AI affected teeth before or after etching and their retention rate. Chay 

et al. found that when using Icon, the bond strength results were highly 

variable, with substantial standard deviations, presumably indicating 

inconsistent penetration in hypomineralized enamel such as Molar Incisor 

Hypomineralization cases. He also reported that etching with NaOCI before 

Icon penetration increased bond strength much more than Icon without NaOCI 

(Chay et al., 2014). Studies investigating both techniques in Molar - Incisor 

Hypomineralization (MIH) were not included in this review as part of the 

inclusion/ exclusion criteria.  
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3.4. Discussion 
 
 

The disparity between studies 
 

There were differences in tooth storage media used. This included 

deionized water and thymol for two studies each, sodium chloride, 

chloramine, distilled water and even teeth kept dry with patients. All the 

researchers had no reason for their decision. These solutions may alter 

or interfere with the enamel microstructure, for instance deionized water 

as aqueous storage media can cause tooth surface demineralization 

which has been recorded (Armstrong et al., 2017). The storage 

temperature and the time of immersion was not always specified which 

may influence the microstructure of the enamel. 

Some of the studies, examined primary AI affected teeth and other have 

used permanent AI affected teeth. Primary molar teeth appear to be less 

affected (Gjørup et al., 2009), therefore it may not be possible to 

extrapolate results from primary teeth to permanent and vice versa. A 

study was conducted to investigate an AI family member of five 

generations. 

 
According to the studies the enamel surface preparation was also 

variable. The enamel surface was ground from 180 to 1200 grits in the 

lab. This can include the end, or the full length of the enamel prism rods: 

these two parameters might affect bond strength qualities. 

 
The magnitude of the severity of the Amelogenesis Imperfecta may also 

affect the strength of the bond or the durability of restorative treatment. 

Most of the studies did not report the severity. This could be because 

the severity of the AI condition is not well defined and specified. 

Lundgren and Dahllöf, 2014, described it as mild cases where changes 

in enamel mineralization affected less than 1/3 of the tooth surfaces and 

the teeth had normal sensitivity. In moderate cases where enamel 

mineralization about 1/3 to 2/3 of tooth surfaces and teeth had mild 
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sensitivity. In the severe form of AI cases teeth more than 2/3 of the 

tooth surfaces were affected and exhibited high sensitivity. It was 

characterized by some authors according to the discolorations as yellow 

to brown with or without enamel breakdown and cases manifesting 

physiological root resorption. 

 
Regarding materials used and application were not always the same 

from one study to the other. Self-etch adhesives can exhibit different pH 

values and therefore have different effects on enamel. Similarly, 

according to the studies the concentration of NaOCI and the point of its 

application differed. 

 
According to the laboratory reports, the shearing methods were not the 

same: 3 studies carried out micro-shear bond strength tests and other 

three studies evaluated microtensile bond strength tests. Therefore, a 

meta-analysis of the bond strength values was not feasible. 
 
 

Bonding to AI affected teeth vs sound enamel 
 

All the studies clearly highlighted lower bond strength values to AI 

affected teeth. This can be due to differences in morphology and micro 

morphology compared to normal enamel, irregular etching patterns, 

decreased micro-tags in prism rod, less dense or incompletely formed 

enamel prism that retains moisture, and increased protein content, as 

well as decreased mineral content. 

 
The linear association between enamel hardness and bond strength 

was observed, and the strength of the dentin bond was higher than that 

of the enamel bond. However, the strength of the bond to normal dentin 

was significantly greater than that of normal enamel (FARIA‐e‐SILVA et 

al., 2011). Dentin calcium levels in teeth affected by AI are higher than 

normal dentin levels. In addition, AI affected dentin is distinguished by 

peritubular dentin thickening and partial dentin tubules obliteration. The 

boundaries between inter-tubular and peritubular dentin cannot be 
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easily defined. This morphological pattern, therefore, corresponds to 

sclerotic dentin, which is likely to be more resistant to demineralization 

by acid etching causing AI affected dentin with lower bond strength 

(Bayrak et al., 2019, Sánchez‐Quevedo et al., 2004). 
 
 
 

Is there an adhesive of preference? 
 

Yaman et al., 2014, the self-etch adhesive system exhibited lower bond 

strength levels to sound healthy enamel than etch and rinse adhesive, 

however, no statistical significant difference was detected between the 

bond strength measures obtained from the two adhesive systems in 

hypocalcified AI. 

 
In his study, he also suggested that due to low inter-crystal porosity, self-

etch adhesive can form insufficient micro tags and that phosphoric acid 

etching in ER adhesive can increase the mineral loss than the primer in 

the SE adhesive which could not demineralize the hypomineralized 

layer, which explains the relatively higher ER bond strength values by 

more micro retentive surface. 

 
Nevertheless, acidic monomers are integrated with a priming agent in 

the primer of SE adhesive systems, allowing these monomers to 

penetrate to the same depth at which demineralization exists. As 

microporosities produced by the adhesive and provide micro 

mechanical interlocking with enamel, this is considered as an 

advantage. 

 
In contrast with Epasinghe et al, has shown that additional etching with 

phosphoric acid did not enhance the bonding of a self-etch adhesive to 

AI affected dentine. 
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Interestingly, none of the clinical trials have investigated the variations in 

the success rate of a self-etch adhesive composite relative to composite 

bonded with an etch and rinse adhesive. 

 
The result of this review indicates that when the option is between SE 

and ER adhesives, the clinical performance of composite resin 

restorations bonded to HCAI affected enamel may not be affected by 

the bonding agent type. However, among the different types of AI, 

enamel structure of AI affected teeth varies. Since the bonding ability of 

current adhesive resin materials can be influenced by these micro 

morphological differences, generalizations of findings are difficult. More 

studies are needed, before clinical advice can be given to evaluate and 

determine the best bonding protocols for different types of AI affected 

teeth. 
 

Is deproteinization effective for bond strength enhancement? 
 

The high protein content of AI affected enamel have been attributed to 

the increased failure rates in resin bonding and reduced the 

micromechanical adhesion. Therefore, in order to achieve optimal 

adhesion, it would be necessary to withdraw the excess content of 

protein organic matter and acquired pellicle prior to acid etching, the 

application of NaOCI was suggested as a possible strategy (Şaroğlu et 

al., 2006, Harleen et al., 2011, Espinosa et al., 2008). In endodontic, 

oxidizing NaOCI is already used to dissolve organic material (Moorer 

and Wesselink, 1982). 

 
A substantial increase in bond strength to AI affected enamel was 

reported by Şaroğlu et al., however deproteinization did not influence 

dentine shear bond strength in both AI affected teeth and normal, when 

NaOCI was applied after etching for 60 seconds in primary teeth. 

Ahmed et al., also reported significant increase in etching patterns of 

type I and II in pretreated enamel surfaces prior to acid etching in 

primary molars which is essential for optimal resin bonding. Whereas 
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clinical, Sönmez et al and Faria – e – Silva et al found no increase in 

bond strength. However, Bayark et al., found no difference in bond 

strength with sodium hypochlorite (NaOCI) and significantly higher bond 

strength when the enamel surface was pretreated with chlorine dioxide 

(CIO2). 

 
The time of deproteinization, before or after etching, might be very 

crucial. Şaroğlu et al suggested that enamel was rectified by etching 

and thereby facilitate protein degradation by NaOCI, allowing the 

adhesive to penetrate easily to enamel crystals, thus increasing the 

strength of the bond. Where he reported enhanced enamel bond 

strength but did not affect shear bond strength of dentin. On the other 

hand, Bayark et al and clinically Sönmez et al showed no difference in 

the enamel bond strength when using NaOCI after etching. 

Furthermore, Bayark et al observed significant increase in bond strength 

when using chlorine dioxide after etching. In addition, Faria – e – Silva 

et al reported when NaOCI was used, microhardness and shear bond 

strength to enamel affected by amelogenesis imperfecta did not 

increase, when using NaOCI before etching. 

 
A few studies that have explored the effects of sodium fluoride 

application for 4 minutes before etching of enamel which thought it could 

replace the loss of minerals in enamel while creating suitable etching 

patterns appropriate for the placement of composite. This will allow  

good infiltration of bonding agents into the etched, fluoride-treated 

surface of demineralized enamel that might contribute to an increase in 

shear bond strength (Schmidlin et al., 2004, Chougule et al., 2018). 
 
 

Quality assessment 
 

Among the 12 studies included, 7 showed a low risk of bias and other 5 

studies exhibited a medium risk (fair quality). The sample size calculation 

has been assessed in most laboratory experiments (n=7). The 
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primary goal of power analysis is to assist researchers in determining 

the smallest sample size necessary to detect the impact of a particular 

test at the acceptable level of significance, and as such it is critical 

(Cohen, 1992). In terms of blinding the test operator, only two studies 

were found adequate with blinding of the outcome assessment, and this 

could be due to the inability to blind the type of adhesive for instance. 
 

Future research explore 
 

Future research could target the bond strength of alternative materials 

to AI affected teeth in addition to composite, for example, glass ionomer 

cement (GIC) or compomers. Other experiments should investigate the 

use of ethanol wet bonding in AI affected teeth to reduce the water 

content. In general, the different types of AI need to be investigated. 

Further investigation of fluoride also merits attention. Finally, further 

clinical trials should be conducted to verify the findings of laboratory 

research. 
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3.5. Conclusion 
 

This review highlights the necessity to enhance bonding to AI affected 

teeth. There are currently very limited resources of what can be done 

to solve and enhance adhesion to amelogenesis imperfecta affected 

teeth. Within the limitation of this review, bond strength to AI affected 

teeth did not vary significantly when using self-etch (SE) in 

comparison to etch and rinse (ER) adhesives. 

 
Deproteinization with sodium hypochlorite does not enhance bond 

strength and efficacy of chlorine dioxide requires more studies. Use 

of sodium fluoride prior to etching could enhance bond strength of 

adhesive. Clinical and laboratory studies should be carried out on the 

effectiveness of ICON infiltration to enhance bond strength to AI 

affected teeth. Given the limited number of studies involved, and the 

variations in the type and severity of AI and the adhesives used, these 

findings should be considered with caution. In order to achieve 

improved bonding with AI affected teeth, more research is needed. 

 
One of the problems was the different classifications used by each 

study in this review, therefore it was important to study the 

standardization and different classifications quoted in the literature in 

the recent years. The focus on the last part of this project was a 

systematic review of classification systems used in AI.  

 

Finally clinical recommendation within the scope of this review and 

with very limited evidence of what can be accomplished to solve the 

difficulty of adhesion to AI affected teeth. Clinical deproteinization with 

either the 5% of sodium hypochlorite for primary teeth prior to etching 

step or the use of chloride dioxide for both primary and permanent 

teeth. Also, pretreatment of enamel surface with 2% of sodium fluoride 

for 4 minutes can be used solely or in combination with the previous 

step to provide suitable etching patterns so, that the adhesive agents 

can infiltrate into the expose collagen mesh and in addition it will 

replace the lost minerals which will improve bond strength. Those 
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techniques to be used under full isolation such as rubber dam for 

successful long-term adhesion and contaminate free surfaces 

regardless the type of adhesion system whether using self-etch or 

etch and rinse. 
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4. Diagnostic classification of Amelogenesis Imperfecta: A 

review 
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Introduction 

There have been many classifications used since 1945 for AI. In 1971, Witkop 

proposed a clinical classification primarily based on three clinical presentations 

(phenotype) as Hypoplastic, Hypocalcified and Hypomaturation. Within these 

three classifications there were subgroups among these to represent the 

different modes of inheritance for example Autosomal dominant pitted 

hypoplastic and x-linked recessive hypomaturation (Aldred et al., 2003). 

 
As these clinical conditions with genetic causes can have a wide range of 

manifestations, a new classification was presented by Witkop in 1988, with 

more subgroups equal to fifteen with the main three clinical phenotypes still 

exists, another fourth clinical presentation has been added hypomaturation – 

hypoplastic with taurodontism (Witkop Jr, 1988). 

 
As the understanding of genetics has increased, a new alternative classification 

of AI was proposed that does not use the phenotype as the primary feature. 

The classification was based on the following (when known) molecular defect, 

biochemical result, also mode of inheritance and finally on the phenotype. The 

awareness that phenotype may vary considerably, as well as growing genomic 

knowledge currently accessible, led to this categorization (Aldred et al., 2003). 

 
Investigating the molecular genetics, will aid for more precise diagnosis which 

might also be extended and applied to other dental anomalies (Aldred et al., 

2003). The four main areas of this classification: 

1. Mode of Inheritance: autosomal dominant, autosomal recessive, x- 

linked, isolated case. 

2. Molecular basis: chromosomal, localization, locus, mutation (when 

known). 

3. Biochemical outcome: putative result of mutation (when known). 

Phenotype: description of clinical and / or radiographic findings and 

other relevant if any. Those are hypoplastic, hypocalcified, 

hypomaturation, hypomaturation-hypoplastic with taurdontism. 
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When carrying out the review for the previous section of this thesis the authors 

noticed a wide variety of classification systems were used and it did not appear 

that they were always applied correctly. When the COVID pandemic occurred, 

meaning that we could not carry out the lab experiments initially proposed in 

this study, we decided to review the use of AI classification systems instead. 

 
 

4.1. Study Aim 
 

A classification system of Amelogenesis Imperfecta (AI) was first proposed by 

Weinmann et al, in 1945, and with better understanding of genetics of AI with 

different genotype / phenotype presentations, various classification have been 

developed, with the latest by Aldred et al in 2003. The purpose of this review 

is to analyze AI studies to provide evidence for how many different 

classifications are quoted in the literature, the consistency and standardization 

of clinicians and researchers reporting on AI classifications. 

 
4.2. Material and Methods 

 

Inclusion and Exclusion Criteria 
 
 

All studies (research papers and reviews) with any proposed classification 

system on the diagnosis of AI in the primary and permanent dentition including 

case reports and narrative reviews. There was no attempt to specify the 

strategy in relation to study design or language published in the period 2015 

onwards up to date. 2015 was used as a cut-off point to limit studies for 

pragmatic purposes and because we were interested in more recent use of the 

full range of systems available. Exclusion criteria as follows: any studies on 

animals, studies on genetic and inheritance patterns, psychological impact of 

AI, syndromes and medicine, other aspects of dental anomalies. 
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Data collection and analysis 
 

The data extracted by (HA, SP, PA) included study design, the diagnostic 

classification used, was it correctly used by comparing to the original 

classification, description of each type of AI, detected by physical examination 

(who examined). The data were summarized in Table 4-2. Any potential 

conflict was resolved by discussion between the authors. 
 

Search strategy 
 

A comprehensive search was done using search keywords in both electronic, 

hand search journals and websites including Medline (Ovid) PubMed, the 

Cochrane library and Goggle scholar. Keywords linked to Amelogenesis 

Imperfecta were used to create the search method. The following is a 

breakdown of the method: hypoplastic, hypomature, hypocalcified, 

hypomineralized, hypomineralised, enamel defect. The searched articles were 

ranged in date from 2015 to the present. The reference list of the studies that 

were originally collected was reviewed by hand for publications that could be 

relevant. The search was conducted between January to March 2021. 
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Assessed for eligibility screen by 
title 

(n= 230) 
Database 

Medline (Ovid) n= 224 
Hand search journals, websites n= 5 

Miscellaneous n=1 
The final update of the search was 

March 2021 

Citation and 
abstracts screened 

for relevancy 
(n= 87) 

 
 

Full text 
articles 

screened for 
relevancy 

(n= 34) 

Excluded 
(n=143) 
Not AI 

Genetic studies 
Medical studies 

Psychological studies 
Commentary letters 

Duplicated 
By year 

 

4.3. Results 
 

Study selection 
 

The initial search yielded 230 studies, and following screening of the title, 

abstract and full text a total of 33 studies were eventually included. Figure 4-1 

summarizes the search process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Excluded 
(n= 1) 

Included 
(n= 33) 

 
 
 

Figure 4-1 Flow chart describing the search strategy 

 
Excluded 

(n= 53) 
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Table 4-1 results of included studies 
 

Author / year Type of study Diagnostic 
classification 

Was it correctly used? Description of AI 
types 

Diagnosis: who 
examined?) 

(Gabardo et al., 2020) Case control study Aldred 2003 Phenotype only Yes Not specified 

(Quandalle et al., 2020) Case – control study Witkop classification 
1988 

Yes Yes Not specified 

(Sabandal et al., 2020) Case report Witkop classification 
1988 

Yes Yes Central Interdisciplinary 
Ambulance in the School 
of Dentistry, University of 
Munster but not specified 

(Adorno-Farias et al., 
2019) 

Retrospective study Witkop classification 
1988 

Yes Yes Not specified 

(Ahmed et al., 2019) Laboratory study Witkop and Sauk 1976 Yes Yes Department of Paediatric 
Dentistry 

(Kammoun et al., 2019) Cross sectional study Aldred classification 2003 No description if known 
either of mode of 

inheritance, molecular 
basis or biochemical 

AI of hypoplastic type 
was diagnosed when 
dental development 

anomaly was showing a 
thin or an absence of 

enamel 

Prosthetics 
Department but not 

specified 

(Kirzioglu et al., 2019) Case control study Not described - - Department of Paediatric 
Dentistry 

(Mori et al., 2019) Case report Not described - - Not specified 

(Moussally et al., 2019) Case report Not described - No Not specified 
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(Ortiz et al., 2019) Clinical report Aldred 2003 Yes, with phenotype only 

no description if mode of 
inheritance, molecular or 
biochemical were known 

No - hypomature AI 
include abnormally 

rough and pitted tooth 
surfaces and 

discoloration of teeth 
with hypersensitivity 

Not specified 

(Epasinghe and Yiu, 
2018) 

Laboratory study Not described - Yes Not specified 

(Kammoun et al., 2018) Laboratory study Aldred 2003 Yes, by phenotype only Yes Not specified 

(Klink et al., 2018) Case series Not described - - Department of 
Prosthodontics but not 

specified 
(Lundgren et al., 2018) Randomized control trial Sundell 

and Koch 
Yes Yes Department of Paediatric 

Dentistry 
(Singh et al., 2018) Case series Witkop and Sauk 1976 Yes, with phenotype but 

no description regarding 
mode of inheritance if 

known 

Yes Not specified 

(Strauch and Hahnel, 
2018) 

A review Aldred 2003 Yes Yes - 

(Toupenay et al., 2018) Review of case reports Witkop classification 
1988 

Yes Yes Not specified 

(Cagetti et al., 2017) Report of two cases Aldred 2003 Yes, based on phenotype 
only 

Yes Not specified 

(Güth et al., 2017) Case report Not described - No Department of 
Prosthodontics 

(Leevailoj et al., 2017) Case study Not described - Definitions of basic types 
of AI 

Department of Oral 
Medicine 

(Belcheva et al., 2016) Laboratory study Witkop classification 
1988 

Phenotype only Not described Not specified 
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(Bogosavljević et al., 

2016) 
Case report Witkop classification 

1988 
Phenotype only Yes Departments of 

Paediatric Dentistry 
(Dursun et al., 2016) Case report Not described - Yes Not specified 

(Moreira et al., 2016) Case report Aldred classification 2003 Yes Yes Not specified 

(Pousette Lundgren et 
al., 2016) 

An interview study Not described - Yes Not specified 

(Rogers et al., 2016) Case report Not described - - paediatric 
dental clinic 

(Sabandal and Schäfer, 
2016) 

A review Witkop classification 
1988 

Yes Yes - 

(Shibata et al., 2016) Case report Aldred classification 2003 yes yes Not specified 

(Zimmermann et al., 
2016) 

Case report Not described - The diagnosis was a 
severe form of 
amelogenesis 

imperfecta type II 

Restorative and 
periodontology 

department but not 
specified 

(Bhatia et al., 2015) Report of three cases Aldred 2003 Yes, with mode of 
inheritance 

Yes Department of Paediatric 
Dentistry 

(Gerdolle et al., 2015) Case report Witkop classification 
1988 

Yes Yes Not specified 

(Marquezin et al., 2015) Case report Witkop classification 
1988 

Yes Yes Department of Paediatric 
Dentistry 

(Nigam et al., 2015) Case report Not described Phenotype only Yes Department of Oral 
Pathology, 
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Chart Title 

 
 

Diagnostic classification of Amelogenesis Imperfecta 
 

In this review, four main classifications were identified and quoted in the 

studies. The majority did not use or mention any diagnostic classification 

(n=12, 36%). 

 
The remainder used or cited both Witkop 1988 and Aldred 2003 classifications 

(n=9, 27%) each, Witkop and Saulk 1976 (n=2, 6%), Sundell and Koch 1985 

(n=1, 3%) (Figure 4-2). 
 
 

Most of the studies which used the diagnostic classification of AI have used it 

correctly when compared to the original classification but of these, 9 of them 

only focused on the phenotype with no description of genetic inheritance. 
 
 
 
 
 
 
 
 

WITKOP 1988   27%  
     

ALDRED 2003   27%  
     

WITKOP AND SAULK 1976  6%   
     

SUNDELL AND KOCH 1985 3%    
     

NO CLASSIFICATION    36% 

 
 

Figure 4-2 Distribution of diagnostic classification systems of revised studies 
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4.4. Discussion 
 

One of the most notable and relevant concerns related to AI are the different 

diagnostic classifications, making comparisons between studies difficult. 

Because of the discrepancy of classifications, any effort to evaluate delivery of 

care by AI type would have been futile. It also emphasizes how challenging it 

to distinguish AI types based on clinical phenotypes alone. Nonetheless, 

accurate diagnosis is crucial in deciding treatment and prognosis. The growing 

field of AI genetic testing will help with classification or in the treatment and 

service development (McDowall et al., 2018). 

 
In this study, n=12, 36% of the papers did not use or cite a classification and 

43% only described the phenotype with no information regarding the basic 

genetic information if known, which might be due to the different existing 

classifications being difficult to grasp. This coincided with Aldred et al. findings 

of the muddled and inconsistent usage of Arabic and Roman numbers or their 

absence in some of the classifications. 

 
Where there is known to be significant variations in the clinical appearance, 

the phenotype alone does not seem to support allocation to diagnostic 

classification as this study showed n=9 out of 21 studies who used diagnostic 

classification reported phenotype only. Therefore, a clear guidance for the 

basic genetic information for clinicians to allow them for a better description of 

classification is crucial. 

 
As this review showed clinical phenotype has been used to classify AI. This 

strategy is hampered by three major problems. Some AI types do not fit within 

this category. Enamel changes after eruption might be visible, making precise 

AI classification challenging. Some types of AI are linked to other medical 

conditions, even for single gene variations, they can manifest in a wide range 

of clinical features (Ratbi et al., 2015). The diagnosis of AI predates the renal 

calcification by several years in condition such as nephrocalcinosis and AI, 

allowing patients to be identified by dentists considerably sooner than currently 
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(de la Dure-Molla et al., 2014). It has been realized that genetic knowledge has 

the potential to improve management of AI. There are additional benefits to 

accurate diagnosis, making clinical decision, determine prognosis, genetic 

counselling, and the expansion of evidence-based research (McDowall et al., 

2018). Precise diagnosis permits prompt genetic counselling, and preventative 

measures can be done to prevent subsequent dental problems for the 

individual or even future siblings (Shivhare et al., 2016). The classification 

proposed by (Aldred et al., 2003) was a more comprehensive as it did not 

depend on the phenotype as the primary discriminator. A clinical AI index for 

clinicians to standardize AI classification and scoring     for AI severity is needed. 
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4.5. Conclusion 
 

This review showed the variations and inconsistency of classification used for 

studies published from 2015. It has highlighted that about 36% of studies did 

not used any of the existing classifications. The classification proposed by 

Witkop 1988, and Aldred 2003 were the most commonly used (27% 

respectively). 

 
Studies have described classification according to its phenotype only with no 

other information on the underlying genetic if it was known or not. As a result, 

detailed guidance for clinicians on fundamental genetic information is critical 

for a clearer explanation of classification hence it is a hereditary disorder. 
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5. Future work 



158  

5.1. Future work 
 

Clinicians have experienced challenges bonding to restorative material, 

because of the bonding strength and etching limitations to the enamel. 

Detailed laboratory study regarding the properties of bonding materials 

between the enamel and restoration may aid the dentists in selection the 

optimum material to manage these teeth. Also, to compare both the primary 

and permanent teeth together with more emphasis to study the permanent 

teeth affected with AI because the clinical description of primary teeth could be 

similar to that of permanent teeth, however, these teeth appear to be less 

affected. Also, the ideal storage media and temperature for the samples and 

to include the full length of the enamel prism rods when the enamel surface is 

grounded as it might affect the bond strength qualities. By conducting 

microtensile bond strength testing using universal testing machine and micro-

shear bond strength using a mechanical testing machine. 

 
Future research could target the bond strength of alternative materials to AI 

affected teeth in addition to composite, for example, glass ionomer cement 

(GIC) or compomers. Other experiments should investigate the use of ethanol 

wet bonding in AI affected teeth to reduce the water content examined under 

scanning electron microscopy and microtensile bond strength test. Finally, 

further clinical trials should be conducted to verify the findings of laboratory 

research. 

 
Clinical and laboratory studies should be carried out on the effectiveness of 

ICON infiltration to enhance bond strength to AI affected teeth by application 

of ICON before bonding process and then evaluated for shear bond strength 

with a universal testing machine. Also, the effects of deproteinization of both 

sodium hypochlorite and chlorine dioxide comparing before and after etching 

step with microtensile and shear bond strength tests. 

 
Further studies to test the effectiveness of sodium fluoride to enhance bonding 

strength by application of fluoride before acid etching with different bonding 

systems, sodium hypochlorite in one group and chlorine dioxide in the other 
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group for comparison. In addition, test the effects of fluoride application before 

etching and sodium hypochlorite after etching on the same sample. A shear 

bond strength to be measured using universal testing machine. 

 
Detailed simplified guidance for clinicians on fundamental genetic information 

is critical for a clearer explanation of classification. A clinical AI index for 

clinicians to allow easier application in pragmatic approach and standardize of 

the classification which can include clear definition and scoring for AI severity 

as well is needed. The severity of AI may have an impact on the bonding 

strength or the long-term effectiveness of the treatment, therefore, a clear 

definition and scoring for AI severity is crucial. 

 
In summary, further clinical and laboratory studies are needed to improve the 

bond strength of restorative materials, as well as quality of care and treatment 

provided to this group of patients. 
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6. Conclusion 
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6.1. Conclusion 
 

Patients with AI may have increased sensitivity, poor oral hygiene, and rapid 

tooth loss, along with along with abnormalities in enamel thickness, colour and 

form, all of which can affect their appearance, masticatory ability, and oral 

health quality of life. 

 
AI is a rare condition, so clinical trials are difficult to conduct due to the small 

number of patients and so to understand and help this group of patients we 

planned a pragmatic approach which involved a literature review and 

retrospective study of burden of care, Originally it was also planned to 

undertake laboratory studies to investigate the bonding of different AI types, 

however, due to the COVID19 pandemic, it was not possible to conduct the 

lab tests to complete this project. 

 
The service evaluation provides data on the burden of care for children with 

AI. Most patients are treated under general or local anesthetics, imposing a 

considerable treatment burden on patients and their families. The long duration 

of treatment it involves, the high number of appointments needed every year 

and the long-distance travelled by the families to attend a single appointment 

in this study illustrates the wide range of problems that might arise, as well as 

the complex management that is necessary for this condition. 

 
This study has shown the need for early referrals of patients with a suspected 

diagnosis of AI in the primary dentition, with late presentation, extensive 

treatments are needed frequently so teeth are extracted, or full crown 

coverage provided. Therefore, it would be advantageous if primary care 

providers were more aware of referral options. For correct diagnosis and 

comparison of AI, all patients should be investigated about their family 

pedigree and documented. A defined discharge pathway is also required to be 

improved to facilitate the treatment needed during adulthood. 

 
AI will continue to affect the aesthetics, functional and life quality issues for 

these individuals, demanding further interventions. There is no defined 
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standard of care set for AI patients management even though a multi- 

disciplinary approach can be beneficial. Considerable time and effect 

expenditure have been demonstrated. The impact of care provides a base for 

the foundation of the advancement of care approaches and seek to enhance 

the management of AI. 

 
In the systematic review showed the bonding strength and hardness to AI 

affected teeth were less than the normal teeth. The enamel of AI affected teeth 

had alteration in micromorphology disordered prisms, coated with an 

amorphous structureless layer of organic protein which influences etching to 

demineralize the enamel in AI and affects the values of bonding strength of 

adhesive systems. Different adhesive systems when comparing self-etch (SE) 

to etch and rinse (ER) did not differ substantially in bond strength to AI affected 

teeth. 

 
Deproteinization with 5% sodium hypochlorite did not enhance bond strength 

but the use of 2% sodium fluoride before etching for 4 minutes could enhance 

the bond strength of the adhesive. The efficacy of chlorine dioxide requires 

more studies which could be an alternative option. This review showed the 

need for ongoing investigations of the effects of AI on teeth may aid in the 

development of longer lasting bonded restorations. 

 
The review of classifications of AI showed the variations and inconsistency of 

classifications used for studies published from 2015. It has highlighted that 

about 36% of studies have not used any of the existing classification. Studies 

have shown classifications based on phenotype, with no information on 

whether the underlying genetic was known. More awareness is needed for the 

dentists to allow better description of both the mode of inheritance and the 

clinical phenotype of AI, as well as a standard form when investigating patients 

suspected of AI diagnosis. 
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