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Abstract Mineralization defects like amelogenesis

imperfecta are often of hereditary origin. This article

reviews the diagnostic findings and summarizes the sug-

gested treatment approaches. Currently, there are no

defined therapy recommendations available for patients

suffering from amelogenesis imperfecta. The mentioned

therapies are more or less equal but no comprehensive

therapy recommendation is evident. When treating patients

suffering from amelogenesis imperfecta, a comprehensive

therapy of almost every dental discipline has to be con-

sidered. The earlier the diagnosis of amelogenesis imper-

fecta is confirmed, the better the outcome is. Optimal

treatment approaches consist of early diagnosis and treat-

ment approach and frequent dental recall appointments to

prevent progressive occlusal wear or early destruction by

caries. Full-mouth prosthetic treatment seems to be the best

treatment option.
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Introduction

Mineralization defects of dental hard tissues may affect

dentin and/or enamel. Diseases with a low number of

altered teeth like molar-incisor-hypomineralization

(MIH) have a prevalence ranging from 2.8 to 25 %

depending on country and region [1]. The aetiology of

MIH is still unclear, but some specific diagnosis are

often evident-like deprivation of oxygen at birth or

during post-natal period, chronic obstructive pulmonary

disorder, the presence of dioxins or polichlorinated

biphenyl (PCB) in the mother’s milk and/or infectious

diseases during young childhood and lack of mineral

fixing [1]. A characteristic finding associated with MIH

is the alteration of the enamel ranging from a diffuse

opacity to hypoplasia and/or hypomineralization of

enamel and dentin. Usually, the most often affected teeth

are the first permanent molars and permanent incisors

[1]. Diseases with an ubiquitous alteration of the teeth

are in general of genetic, i.e. hereditary origin. Heredi-

tary alterations of dental hard tissues are specific dis-

eases like amelogenesis imperfecta (AI), dentinogenesis

imperfecta (DI) and dentin dysplasia (DD) [2]. Addi-

tionally, dental alterations could be accompanied as

symptoms of syndromes [3] like osteogenesis imperfecta

[4] or Tricho-odonto-onycho-dermal syndrome [3, 5].

When considering dental mineralization defects besides

enamel, also solitary affection of dentin is possible.

Mineralization defects of dental hard tissues have dif-

ferent characteristics. In general, hypomineralization,

hypoplasia/aplasia, malformation and discolouration are

possible.

The types of alterations may reach from mild

hypomineralization with moderate discolouration caused

by mineralization defects that alter the optical character-

istics to hypoplastic alterations [6] with excessive loss of

dental hard tissues, especially of enamel. In the following,

the different defects of dental hard tissues are presented

briefly.
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Dental hard tissue defects

Formation of dentin and enamel

The formation of highly mineralized dental hard tissues

like enamel with its highly organized hydroxyapatite

crystals is a rigorously controlled process [6]. The process

of mineralization is an epithelial-derived process, which is

entirely guided under genetic instruction [7]. Different

hereditary and non-hereditary alterations of dental hard

tissues have been described.

Alterations of themineralization sequences lead to similar

mineralization errors in hard tissues, i.e. osteogenic defects

can also cause defects in dentin [8]. In contrast to dentin,

bone underlies a steady balance between resorption and

apposition [8]. The formation of dentin starts in utero and

does not show continuous resorption like bone, so dentin

displays a continuous growing process [8] that occurs in

intervals and an incremental manner [9]. During the thick-

ening of dentin, collagenous fibres extend from the process

of the odondoblasts to the dentino-enamel-junction and

when mineralization occurs the process retreats and further

predentin is formed [9]. In general, mineralization begins

when a wide zone of predentin has been elaborated and

mineralization cores spread around in the collagenous fibres

[9]. Later, ageing of dentin is characterized by an increased

sclerosing, which can lead to obliteration of the dentinal

tubules [10]. However, the formation of enamel is different

compared to the formation of bone and dentin. Enamel is a

tissue that consists of a high grade of crystallites and does not

contain fibres or proteins. Amelogenesis as well as

dentinogenesis is genetically controlled [7]. Differentiated

ameloblasts secrete right before the basal lamina disinte-

grates small amounts of enamel proteins [7]. When the basal

lamina dissolves, the mineralization of dentin starts and the

superficial collagen fibrils associate with the apical surface

of the ameloblasts [7]. In the beginning of themineralization,

secretory phase enamel is only aprismatic [7] and, at that

time, a new cell extension of ameloblasts is formed for

secretion of prismatic enamel [7].

Molar-incisor-hypomineralization (MIH)

The term MIH has been suggested by Weerheijm et al.

[11]. MIH is an enamel developmental defect of systemic

origin of the first permanent molars, frequently associated

with similar defects of the first incisors [11] (Fig. 1).

Histologically, demarcated opacities and extensive

hypomineralized enamel [12] and a distinct border

demarcating the altered enamel from enamel of normal

formation have been described [12]. The prevalence of

MIH ranges from 2.8 to 25 % [1, 13–15].

Amelogenesis imperfecta (AI)

Amelogenesis imperfecta (AI) is a genetically determined

hereditary disease. The first classification was published in

1945 [16]. The authors divided AI into 2 groups:

hypoplastic and hypocalcified [16]. During the following

years, the classification was modified as new diagnostics

such as gene sequencing emerged. A further classification

by Witkop [17] divided the alterations of enamel into four

main groups [17].

Classification of AI by Witkop [17]:

Type I: hypoplastic

IA: hypoplastic, pitted autosomal dominant.

IB: hypoplastic, local autosomal dominant.

IC: hypoplastic, local autosomal recessive.

ID: hypoplastic, smooth autosomal dominant.

IE: hypoplastic, smooth X-linked dominant.

IF: hypoplastic, rough autosomal dominant.

IG: enamel agenesis, autosomal recessive.

Type II: hypomaturation

IIA: hypomaturation, pigmented autosomal recessive.

IIB hypomaturation, X-linked recessive.

IID: snow-capped teeth, autosomal dominant?

Fig. 1 a Molar-incisor-hypomineralization upper occlusal view.

Notably, the malformed and discoloured enamel of the tooth 16 and

the yellow to whitish circumscribed opacities of the upper first

incisors. b Molar-incisor-hypomineralization lower occlusal view.

Noteworthy the brown discoloured enamel of tooth 36 with an

extensive loss of enamel on the buccal, occlusal and mesial aspect
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Fig. 2 a Hypoplastic amelogenesis imperfecta upper occlusal view.

The hypoplastic enamel is characterized by a rough and irregular

pitted surface. b Hypoplastic amelogenesis imperfecta lower occlusal

view. Noticeable are the vertical grooves on the lower anterior

incisors and the reduced enamel layer, especially on the buccal an

occlusal aspects of the teeth. c Orthopantomogram of a patient with

hypoplastic Amelogenesis imperfecta showing the representative thin

enamel layer

Type III: hypocalcified autosomal genetic trait

IIIA: autosomal dominant.

IIIB: autosomal recessive.

Type IV: mixed hypomaturation and hypoplastic in

combination with taurodontism

IVA: hypomaturation–hypoplastic with taurodontism,

autosomal dominant.

IVB: hypoplastic–hypomaturation with taurodontism,

autosomal dominant.

The subtypes of the hypoplastic type (HP) summarize

teeth with different rough dental surfaces [18, 19] caused

by defects in enamel formation and including also enamel

agenesis [3, 17] (Fig. 2). All alterations are possible in

combination with different genetic traits. A normal radio-

graphic contrast between enamel and dentin is evident [17],

while the thickness of enamel is markedly reduced

[17, 20–22] (Fig. 2c).

The hypomaturated type (HM) summarizes alterations

of enamel with normal thickness but softer consistency [3].

The altered enamel has a mottled, discoloured appearance

[23] (Fig. 3). Hypomaturated enamel can be easily chipped

away [17]. The radiopacity of this hypomaturated enamel is

similar to that of dentin [17] (Fig. 3c). An autosomal and

an x-linked genetic trait have been described [17].

The third type distinguishes the autosomal trait from

hypocalcified (HC) alterations of enamel [17]. The mal-

formed enamel is of normal thickness but discoloured

orange-yellow [3] and consists of a poorly calcified matrix

(Fig. 4), resulting in a lower radiopacity compared to

dentin [17]. The last type is characterized by an alteration

of enamel in combination with taurodontism [17]. Histo-

logically, the malformed enamel shows a mixed appear-

ance of hypomaturated and hypocalcified enamel with a

radiographically slightly lower translucency than dentin

[17] (Fig. 5). The hypoplastic type is the most frequent

form of AI (61.2 %) followed by the hypomaturated type

(32.2 %) and both the hypocalcified and mixed hypomat-

urated/hypoplastic type (3.2 %) [24].

The classification of alterations which can be found in

an autosomal recessive genomic trait has been revisited by

Nusier et al. [25]. The authors found some recessive forms

of AI which cannot be classified according to the classifi-

cation of Witkop [17].

Dentinogenesis imperfecta (DI)

The primary and the permanent dentition are affected by

each type of DI. Ubiquitous obliteration, pulp stones and

thistle tube like pulp configuration are evident [4].

Dentinogenesis Imperfecta can be seen in patients with

osteogenesis imperfecta and also solitary as an isolated

disorder [4]. Dentinogenesis Imperfecta was first

described in 1973 [4] and three different types have been

suggested:

Type I is characterized by teeth showing an amber

translucency and the covering enamel is often chipped

away (Fig. 7). Radiographically, short roots in both denti-

tions and obliteration of the pulp chamber (Fig. 6) even

shortly after eruption, possibly due to hypertrophy of the
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‘‘mantle’’ dentin, are evident. Although DI Type I affects

both dentitions, the alterations are more severe in the pri-

mary one. In contrast to the other types of DI, Type I only

occurs in combination with Osteogenesis Imperfecta in an

autosomal dominant trait [4].

Type II is characterized by opalescent dentin and the

incidence ranges from 1:6000 to 1:8000 [26] (Fig. 8). Type

II shows more clinical variabilities as type I and both

dentitions are affected equally [4].

Type III shows multiple pulp exposures in the deciduous

dentition. Shape and colouration of teeth seem to be more

variable as in types I and II (Fig. 7) [4].

Search of the literature

The aim of this article was to review the diagnostic findings

of AI and to summarize the currently suggested treatment

approaches of these hereditary mineralization defects.

The PubMed and Web of Science databases were

searched for full papers and reviews using the following

MeSH terms: ‘‘AI, mineralization defects’’. In addition,

Fig. 3 a Hypomaturated amelogenesis imperfecta upper occlusal

view. Notice the brown yellow discoloured opaque enamel and the

wear of the cusps of the molars and premolars. b Hypomaturated

amelogenesis imperfecta lower occlusal view. The teeth show the

distinguishing yellow opaque discolouration and marked wear of the

cusps. c Orthopantomogram of a patient with hypomaturated amel-

ogensis imperfecta revealing an almost equal radioopacity of enamel

and dentin

Fig. 4 a Hypocalcified amelogenesis imperfecta upper occlusal

view. Notice the yellowish discoloured enamel and the fracture of

enamel on the palatal aspect of the first permanent molars.

b Hypocalcified amelogenesis imperfecta (lower occlusal view) with

the distinctive yellowish discoloured enamel and occlusal wear on the

buccal aspects of the lower first molars

Fig. 5 Orthopantomogram of a patient with hypomaturated/hypocal-

cified amelogenesis imperfecta in combination with taurodontism.

Enamel and dentin are characterized by an almost equal radioopacity
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the following keywords were also used: ‘‘dental, dentin,

dysplasia, treatment, hypoplasia, hypomaturation’’. After

an initial screening of the abstracts, relevant full-length

peer-reviewed articles were selected. The reference lists

of the articles were also screened for additional relevant

articles.

In the attempt to include the most recent publications, a

hand search of articles published online, ‘‘in-press’’ and

‘‘early view’’ was performed for the Journal of Dental

Research, Journal of Prosthetic Dentistry and Quintessence

International. The date of the last search was June 20th

2016. The reference lists of those articles included were

checked for additional articles of relevance.

Diagnosis

In general diagnosis of mineralization defects, especially

AI in the primary as well as in the permanent dentition is

easy due to characteristic clinical findings [6, 27, 28].

Every hereditary disorder of teeth affects both dentitions

due to the genetic origin of the formation of dental hard

tissues. However, the severity can differ markedly

between the primary and the permanent dentition as for

instance in DI type I [4]. AI is characterized by an

alteration of enamel in both dentitions [6, 28]. Similar but

only localized alterations of incisors and first molars are

evident in MIH [1, 11–15]. In contrast to AI, the aetiol-

ogy of MIH in the permanent dentition is not fully

understood [11].

Besides malformations of enamel also hereditary alter-

ations of dentin are possible, but clinically these diseases

show typical findings such as chipping of enamel in DI [4].

Radiographic findings are also helpful to differentiate AI,

DI and DD. In DD, often obliterations of the pulp space are

evident [4, 17]. Clinically, the primary dentition of DD

type II shows a similar appearance as teeth affected by DI

type I [4, 17].

Regular enamel has a higher radiopacity than dentin [29]

and, therefore, the different diseases can be differentiated

radiologically when comparing the opacities of enamel and

dentin. Enamel and dentin of subjects with hypomaturated

AI have an almost equal radiopacity [17, 30, 31], while in

hypocalcified forms of AI the enamel has a lower

radiopacity than dentin [32, 33]. Both in hypomaturated

and hypocalcified forms of AI, chipping of enamel has

been reported as a typical finding [34].

Besides the clinical examination, genetic investigations

are also beneficial for diagnosis. Due to many known single

nucleotide polymorphisms (SNP) of the different heredi-

tary disorders of dental hard tissues, a more precise clas-

sification by detection of the responsible SNP is possible.

SNP are known in different genes like FAM83H, KLK4,

MMP20, WDR72, ENAM, AMELX, AMBN, DLX3

[3, 6, 7, 20, 35–38]. These are associated with the forma-

tion of enamel and can cause different clinical

manifestations.

Clinical findings

The main complaints of patients who are affected by AI are

increased sensibility to hot and cold [3, 18, 21–24,

27, 30, 32, 34, 36, 39–62], reduced aesthetic appearance

and discolouration of mandibular and maxillary anterior

teeth [3, 22, 24, 27, 30–32, 34, 36, 39, 41–44, 46, 48–58,

Fig. 6 Orthopantomogram of a patient with dentinogenesis imper-

fecta type I. Notice the short roots and almost completely calcified

pulp chambers

Fig. 8 Dentinogenesis imperfecta type II anterior view. The opales-

cent teeth in the primary dentitionv are typical findings for this type of

DI

Fig. 7 Dentinogenesis imperfecta type I anterior view. Notice the

amber translucency of the teeth in the primary dentition
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60–74] and masticatory problems [24, 30–32, 34, 43,

44, 46, 50, 51, 53–55, 57, 63, 66, 73–76]. Parekh et al. [68]

investigated in 2014 the impact of the alterations of AI on

the quality of life of patients (61 patients, response rate

61 %) suffering from AI. For about 90 % of all patients,

the main complaint was the discolouration of their teeth

and about 77 % asked for an improvement of their smile.

For nearly the same percentage (74 %), reduction of sen-

sitivity was the most important reason to seek for dental

treatment [68], while improvement of the tooth size was

important for 60 % of all patients [68].

Regarding the intraoral examination, several character-

istic findings have been reported. Often wear of enamel

with exposed dentin areas are evident especially at the

occlusal aspects of posterior teeth [22, 30–32, 39, 41,

47, 50, 52, 54, 55, 57–59, 61, 62, 65, 66, 77–82]. Due to

loss or hypoplastic enamel, the lack of proximal contacts is

typical [50, 54, 57, 60, 63–65, 67, 77, 79, 83–85]. A further

consequence of the loss/lack of enamel is the loss of the

vertical dimension [18, 19, 22, 32, 39, 41, 42, 47, 49,

50, 54, 55, 58, 60, 64, 66, 67, 73, 80, 83, 86] and func-

tional problems like decreased masticatory efficiency

[20, 31, 32, 43, 44, 46, 50, 51, 54, 55, 57, 73, 76]. Besides

alterations of dental hard tissues, also craniofacial alter-

ations of patients with AI have been reported, like anterior

open bite (AOB) [3], posterior open bite (POB), negative

overjet and altered vertical jaw relationship [20]. Some

authors described a greater number of unerupted teeth

[63, 74].

Treatment concepts

Dahash et al. stated in 2013 [87] that no randomised con-

trolled studies to survey the outcome of dental treatment in

patients with AI are available up to now. Thus, the cur-

rently available evidence regarding the treatment approa-

ches of patients with AI is very limited and levels of

evidence ranging from 1a [systematic reviews (with

homogeneity) of randomized controlled trials] to 2a [sys-

tematic reviews (with homogeneity) of cohort studies], as

proposed by the Oxford Centre for Evidence-based Medi-

cine [88], are not available yet.

In 2015, Lundgren et al. [85] published a split mouth

study on the long-term outcome of full-crown restoration in

patients with AI using different crown materials [85].

Besides this clinical trial, only very few studies comparing

different treatment procedures and assessing treatment

outcome in subjects with AI have been published

[24, 48, 85, 89], while several other studies only focused on

the description of clinical findings [68, 90–93] or described

genetic surveys [37]. The majority of available publications

are mere case reports [18, 19, 21–23, 27, 30–34, 39, 42–44,

46, 47, 49–67, 69–71, 74–81, 83, 94–97]. Besides the

aforementioned typical clinical findings, these authors

mentioned a relation between Amelogenesis and anterior

open bite malocclusion [3, 24, 27, 35–37, 42, 44, 51,

65, 71, 75, 83, 93].

Furthermore, the surface of the affected teeth can be

rougher than normal and the surface hardness is reduced

[6]. Typically, the still existing enamel shows marked

discolouration [6, 17]. In subjects with hypoplastic AI, the

characteristic appearance of the affected teeth is a rough

pitted surface with grooves and also a reduced thickness of

the enamel layer due to deficiencies in building of the

enamel [6, 17, 28]. In the case of hypocalcified AI, the

hardness of enamel is reduced [82, 98] but the enamel layer

is of normal thickness and the enamel is often yellow-

brownish discoloured [3, 6, 17, 28, 82]. The enamel layer

in subjects with hypomaturated forms of AI is of normal

thickness but the enamel is slightly softer and is often

chipped away [3, 17].

Adequate treatment concepts of patients with AI must be

based on an interdisciplinary approach [48].

Restorative treatment

In general, the longevity of dental restorations in patients

with AI is considerably reduced and this correlates with the

severity of AI [89]. In comparison with a control group of

patients with unaltered enamel (80 %), the survival rate

after 5 years of coronal restoration in patients with AI was

only 50 % [89]. The rate of replacement of defective

restorations was about 2.5 times higher than in unaffected

patients [89]. Comparison of the longevity of restorations

with regard to the different types of AI revealed that sur-

vival rates were higher in patients with hypoplastic types of

AI than in patients with hypomaturated or hypocalcified

types of AI [89].

The main reason of failure of restorations in patients

with AI was fracture of the restoration or of the tooth,

while in the control group without AI the main reason of

restorations failure was recurrent caries [89]. Compared

with a control group (27 %), this risk of either fracture of

the restoration or fracture of hard tissue was substantially

increased to 60–69 % [89]. This finding corresponds with

the failure pattern of patients with hypomaturated AI

(21 %) [89]. When comparing hypomaturated AI with

hypoplastic AI, it was evident that the rate of recurrent

caries was lower in the hypoplastic group [89].

The reduced longevity of adhesive restorations can be

explained by the reduced amount and quality of the existing

enamel [89]. The hypoplastic type of AI is in contrast to the

other types of AI characterized by a reduced quantity of

enamel [3, 64], although the quality of enamel is almost

identical compared with unaltered enamel [64, 89]. There-

fore, the reduced longevity is probably due to the inferior
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etching pattern of the enamel resulting in reduced bond

strengths and so retention of the restoration in mainly pro-

vided by bonding of the resin to the dentin surface which is

less reliable [6, 17, 99], especially in patients with

hypoplastic AI [89]. Additionally, nanoleakage [100] of

widespread dentin surfaces will lead to an early failure of the

adhesive bond. The shear bond strength of resin to dentin is

significantly lower compared to enamel [99, 101, 102].

Only few authors recommended the use of direct com-

posite restorations in patients with AI [23, 27, 30, 40, 42,

48, 55, 62, 67, 69, 70, 89, 103]. Treatment with direct

composite restorations was mostly performed as a tempo-

rary therapy to gain some time and to perform the definitive

restoration in an older stage of life [23, 24, 27, 39, 42,

48, 55, 61, 66, 70, 83, 89]. Few authors performed com-

plete direct composite restorations due to financial reasons

claimed by the patient [62, 69].

When performing composite restorations, differences in

longevity depending on the severity and type of AI have

been reported [24, 89]. Especially direct composite

restorations in patients with hypocalcified AI have a higher

failure rate than in patients with other types of AI [24].

Direct composite restorations in patients with hypomatu-

rated and hypocalcified AI are solely of temporary char-

acter [104] due to a markedly increased risk of breakdown

of altered enamel [6]. Koruyucu et al. suggested [24] that a

higher amount of proteins in the enamel may be respon-

sible for the reduced bonding strength. Therefore, Sönmez

et al. [105] tried to improve the adhesive bond strength by

deproteination of the hypocalcified enamel and they

reported a slight improvement of the marginal integrity of

direct composite restorations in a split mouth study (left/

right) [105].

Even root canal treatment was required in some cases

[49, 50, 58, 66, 67, 74, 81, 95] and severe cases have been

published reporting that every tooth of the dentition

required root canal treatment [32, 47, 77].

Prosthetic treatment

Besides the clinically relevant problem of structural alter-

ations of dentin, the age of the patients has to be taken into

consideration for adequate treatment. Today AI is usually

diagnosed in an earlier stage; thus, treatment of younger

patients suffering from AI requires proper concepts

[19–21, 23, 24, 27, 34, 36, 39, 41, 42, 45, 48, 49,

51, 55, 56, 60–62, 67, 68, 70, 78, 83, 85, 87, 89]. When

considering the treatment of younger patients, the exten-

sion of the pulp chamber with prominent pulp horns

requires attention [62, 106]. Hence, the increased risk of

iatrogenic exposure of the pulp chamber during preparation

and irreversible irritation of the pulp tissue due to the

preparation trauma must be anticipated. Therefore,

radiographs (e.g. bitewings) are mandatory for adequate

assessment of the extension of the pulp chamber prior to

preparation. Preparation of the teeth should be as minimal

invasive as clinically possible.

Extensive coronal restorations of anterior and posterior

teeth are often indicated [18, 19, 22, 24, 32, 34–36, 43,

44, 46, 48–54, 57–59, 64–66, 71–75, 80, 81, 83, 85,

86, 93, 95, 97, 103]. Besides full metal crowns especially in

the posterior region [19, 22, 36, 41, 49, 58], also porcelain-

fused-to-metal crowns and bridges [18, 32, 43, 44,

46, 48–50, 52–54, 57, 58, 64, 66, 71, 73, 74, 97] and

recently all-ceramic crowns have been shown to allow

sufficient long-term restoration of the affected teeth

[18, 44, 51, 52, 65, 67, 72, 75, 81, 83, 85, 89, 95].

Depending on the age of the patient, also other materials

like composite crowns [34, 41, 42, 61, 84, 103], composite

veneers [23, 39, 48, 67] and in younger patients even

stainless steel crowns [3, 21, 27, 34, 41, 55, 86] may be

beneficial.

In complex cases of definitive full-mouth rehabilitation,

a diagnostic wax-up is required, as due to the vertical loss

the vertical dimension of occlusion has to be restored

[18, 22, 47, 51, 57, 59, 65, 66, 71–73, 75, 80, 83, 94].

However, some authors reported the rise of the vertical

dimension of occlusion without a wax-up [30, 32, 49,

54, 58, 60, 103] and splints [58, 60, 64] and instead direct

composite restorations [103] or provisional restorations

[30, 47, 49] were used to assess the increased vertical

dimension. Due to the loss of the vertical dimension and

the interocclusal relationship, the centric relation of the

temporomandibular joint was taken as reference in most

reports of full-mouth rehabilitation [18, 19, 22, 30, 46,

51, 52, 54, 65, 66, 75, 80, 93].

In advance of the prosthetic treatment, the short clinical

crowns sometimes require to perform crown lengthening or

to perform gingivectomy or gingivoplasty [30, 74] to

ensure adequate preparation for fixed crowns and bridges

[32, 50, 53, 54, 57, 59, 62, 71–73].

Periodontal treatment

Besides coronal restoration and reconstruction of the

affected teeth, it is of outmost importance to establish an

intensive care and a proper oral hygiene to prevent further

loss of dental hard tissues and restorations by caries

[24, 30, 47, 48, 50]. Due to the increased sensitivity of

teeth affected by AI, the patients often perform poor oral

hygiene [3, 19, 23, 27, 31, 32, 46, 48, 49, 51, 55,

57, 59, 61, 64, 66, 71, 76, 107] resulting in generalized

gingivitis. Persistent gingivitis [23, 24, 48, 50, 51, 55, 59,

61, 66, 71, 83, 85, 103] and marginal parodontitis [61, 71]

are also evident due to the increased accumulation of

plaque [3, 59] because of the rough tooth surfaces,
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especially in the hypoplastic forms of AI [50, 51, 82].

Therefore, improvement of oral hygiene and reduction of

the degree of gingivitis are essential to ensure optimal

longevity of restorations and to improve treatment outcome

[22, 27, 34–36, 47, 49, 55, 71, 85, 103]. Periodontal

treatment usually consists of scaling and root planning

[23, 40, 50, 53, 64, 67, 71, 73, 76, 103].

Orthodontic treatment

About 22 % [24] to 64 % [83] of all patients with AI show

AOB [24, 83]. Especially patients with hypoplastic and

hypocalcified forms of AI have a higher incidence for AOB

[24, 108, 109]. Rowley et al. [109] reported that vertical

dysgnathia occurred frequently in association with AI,

most often in association with the hypocalcified type of AI.

These alterations of the vertical dimension were diagnosed

more often in female than in male subjects [35, 109]. Due

to the tenderness of teeth to hot and cold caused by the lack

of enamel and increased tooth wear [18, 20, 32, 41, 42,

49, 50, 54, 55, 58, 60, 64, 66, 73, 80, 83, 86], the malpo-

sition of the tongue due to the altered vertical relation may

inhibit the compensation of the vertical malocclusion by

the vertical alveolar growth so that the AOB can persist

[35, 93, 109]. Besides differences in the vertical growth

pattern, also Class II and III malocclusions have been

reported [43, 49, 52, 54, 55, 57, 63, 65, 71, 95].

Thus, the most severe orthodontic problem of patients

with AI is the AOB [3, 35]. When treating the AOB, the

high relapse rate has to be taken into consideration, so

treatment by orthodontic surgery has to be performed

depending of the severity of the existing craniofacial

alterations [35, 51, 70, 94]. Other malocclusions besides

the AOB can usually be corrected by regular orthodontic

treatment [18, 24, 42, 43, 52, 54, 55, 60, 70, 72, 94].

Surgical treatment

Especially in subjects with anterior open bite orthodontic

surgery may be necessary [34, 51, 54, 63, 83, 93, 94], often

in combination with extraction of some teeth [21, 24, 34,

47, 50, 54, 57, 63, 97].

Discussion

Dental treatment of patients with AI is a challenge,

requiring a detailed interdisciplinary treatment approach

based on the correct diagnosis [48]. To differentiate the

multiple forms of malformation of dental hard tissues, it is

mandatory to elucidate if family members show equal

alterations to assess if a hereditary malformation of dental

hard tissues is evident [6, 17]. In this context, it is of

importance to consider that normally hereditary malfor-

mations occur in both the primary and the permanent

dentition and affect all existing teeth [6, 17].

When a suspected diagnosis of AI is confirmed, an early

treatment has to be considered to prevent further destruc-

tions due to occlusal wear [18, 27, 49, 61, 78] or distur-

bance of the vertical growth [39, 41, 47]. Frequent

appointments and a frequent recall are required to assess

the gingival and periodontal status to obtain an optimal

periodontal health [23, 24, 27, 34–36, 49, 83, 85] and to

improve the individual oral hygiene to prevent destruction

of the erupted teeth in both dentitions by carious lesions

and periodontal disease [24, 27, 36, 49, 63, 71, 83, 85]. The

reduced longevity of direct composite restorations espe-

cially in the hypomaturated and hypomineralized types of

AI [89, 93] has to be considered when treatment is required

in early childhood, often requiring recurring replacement of

the restorations [89] until definitive prosthetic restorations

can be performed [70, 83, 84, 89]. In the case of extensive

destructions of primary teeth, stainless steel [27, 34, 36,

41, 55] or composite crowns [42, 103] are indicated to

avoid loss of the vertical dimension [55, 86] which is

evident in this state [42, 55, 86]. Besides timely renewal of

failed adhesive restorations, only few further treatment

procedures are necessary in childhood. However,

orthodontic treatment is often required due to an anterior

open bite [20, 23, 27, 34–37, 42, 44, 51, 63, 65,

70, 71, 75, 81, 83, 93, 94], as AOB is associated with AI in

22 % to up to 39 % of cases [108, 109]. Besides AOB,

other mal-occlusions like cross-bite, Class I [18, 22, 65,

70, 75] or Class III occlusion [52, 54, 65, 71, 95], and

constriction of the maxilla [18, 34, 42, 63] may require

orthodontic treatment. Additionally, generalized proximal

spacing has been reported [50, 60, 63, 65, 77, 79] due to the

lack of enamel and the reduced thickness of enamel

[17, 20–22]. AOB and loss of proximal contacts [50, 57,

65, 83] are often evident in patients with hypoplastic AI.

Following the completion of the skeletal growth, full-

mouth rehabilitation is generally recommended [18, 19,

22, 24, 30, 32, 34, 43, 44, 46–54, 57–59, 64–66, 71–75, 80,

81, 83, 86, 93, 95, 97, 103]. Due to the aesthetic demands

especially all-ceramic or porcelain-fused-to-metal restora-

tions are best suited [18, 22, 24, 30, 32, 43, 44, 46–48, 50,

51, 53, 54, 57, 64–66, 71–75, 80, 81, 83, 85, 95, 97]. Full-

crown restorations in patients with AI possess a nearly

equal longevity as in patients with unaltered enamel [85].

When performing full-crown restorations, endodontic

problems may arise [85] due to the lack of regular enamel

in the hypoplastic type and the reduced hardness of enamel

in hypomaturated and hypocalcified types resulting in

excessive loss of hard tissue during preparation [98]. To

date, no success rates of root canal treatment in patients

with hereditary enamel alterations have been published.
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The risk of extensive loss of dental hard tissue during

preparation is considerably increased in patients with

hypoplastic AI due to the fact that the existing enamel layer

is thinner than normal [17, 20–22]. Possible occlusal wear

especially of the cusps has to be taken into consideration

and, thus, complete coverage of the entire occlusal surface

is usually required [22, 32, 39, 41, 47, 65, 66, 75, 77, 78,

80, 81]. For prosthetic treatment, the existing proximal

spacing seems to be beneficial [85] as less hard tissues

must be removed during preparation [85]. Newer, more

aesthetic materials for full-crown restorations like lithium

disilicate offer a further clinically relevant advantage as

these materials require a reduced reduction of dental hard

tissues during preparation. Lithium disilicate all-ceramic

crowns require only a thickness of approximately 0.8 mm

in the cervical region, and an occlusal reduction of only

1.5–2.0 mm is sufficient [110]. Physiologically, the thick-

ness of the enamel layer reaches from nearly absent near

the cemento-enamel-junction to about 1.5–2 mm in the

region of the cusps and the incisal edge [111–114]. So in

absence of enamel and the corresponding proximal spacing

[50, 54, 57, 60, 63–65, 67, 77, 79, 83–85] and the loss of

vertical dimension [18, 20, 22, 32, 39, 41, 42, 47, 49, 50,

54, 55, 58, 60, 64, 66, 67, 73, 80, 83, 86], these newer

ceramic materials allow a sufficient preparation of the

affected teeth without an increased risk of iatrogenic irri-

tation of the pulp tissue [85]. In the case the proximal

spacing in hypoplastic types of AI is not evident it has to be

considered if an orthodontic pre-treatment to widen the

interapproximal space may be indicated prior to prosthetic

therapy.

Besides the strong recommendation of full-cover

crowning of all affected teeth, the loss of the vertical

dimension is another aspect that requires adequate treat-

ment. In general, the protection of the temporomandibular

joint during and after treatment is important [115] and,

therefore, the determination of the centric position of the

mandibular condyle in the temporomandibular joint is

beneficial as a reference prior to full-mouth rehabilitation

[115]. When the centric relation is determined, a testing of

the new occlusion plane should be performed to prevent the

patients from suffering pain caused by alterations in the

temporomandibular joint due to the prosthetic therapy

[116]. This can be performed by a full wax-up and simu-

lation of the future definitive reconstruction using provi-

sional crowns, direct composite fillings or splints

[22, 39, 47, 49–51, 58, 59, 61, 66, 83, 94, 117]. Moreover,

the application of non-removable therapeutic appliances

for increase of the vertical dimension seems to be benefi-

cial [116, 118]. The non-removable tooth shaped splint is a

useful help to establish and test physiological mastication

prior to prosthetic full-mouth rehabilitation.

Conclusion

In summary, AI is a disorder that should be diagnosed in an

early stage [18, 27, 49, 61, 71, 78] to minimize the

destructions caused by this mineralization disorder. Fre-

quent dental appointments to optimize the gingival and

periodontal status, to establish an optimal oral hygiene and

to screen for progressive destructions are required

[23, 35, 36, 49]. Especially for patients with hypoplastic

forms of AI, orthodontic treatment to gain the best possible

status for further prosthetic treatment is beneficial. As soon

as the completion of the skeletal growth is finished, a

prosthetic full-mouth reconstruction is indicated for all

patients suffering from AI to prevent further attrition and

destruction of the teeth and to avoid loss of the vertical

dimension.
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