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Abstract

Introduction : Amelogenesis Imperfecta (AI) is a genetic disorder that causes defective enamel development in both primary and permanent dentition and result in skeletal and dental disharmony affecting the patient's vertical dimension. The objective of this work is to draw an analysis of Amelogenesis Imperfecta patients' treatment management of the dento-skeletal vertical dimension and provide recommendations for managing the care of these patients at the end of the growth.

Methods : The review was undertaken from the PubMed databases in June 2018. Research allows to identify from the sixteen case report selection the different treatment of these patients, according to their skeletal and dental vertical diagnosis.

Results : The exploration of case reports shows a skeletal and/ or dental vertical dimension was increased with an anterior open-bite, and/ or an occlusal vertical dimension (OVD) decrease.

Concerning the treatment approach, all the patients had a full-mouth restorative rehabilitation at the final stage of the treatment. Depending on the diagnosis and the needed, patients benefited from from surgery, orthodontic, periodontology treatments before the rehabilitation.

Conclusion :

With a multidisciplinary approach it is possible to treat the skeletal and dental anomalies beforehand, to restore the occlusal vertical dimension.

Orthognathic surgery is recommended if the abnormalities of vertical dimension derive from a skeletal component which could not be compensated for. Orthodontic therapy is used to align teeth, to treat dental malocclusions. To minimize tooth wear before entering the restorative phase, the patient's teeth should be in the ideal position consequent to orthodontics treatment. Periodontology with crown lengthening will manage the prosthetic space.

Subsequently, a restorative reconstruction is indicated for all patients suffering from AI to avoid loss of OVD, to prevent further destruction of the teeth and to restore esthetics. Indirect prosthodontic have successfully met those requirements. Recently, adhesive treatments with minimally invasive techniques represent an interesting option for AI patients. However, for definitive restorations its long term survival depends on protocols and type of AI surface. An analysis of the cumulated evidence on outcomes of alternative restoration techniques is critically needed.

Introduction

Amelogenesis imperfecta (AI) is not a common dental condition, as shown by its prevalence which ranges from 1 in 700 up to 1 in 14,000 cases. (1-2) Amelogenesis imperfecta is a clinically and genetically heterogeneous group of hereditary disorders primarily affecting enamel formation. Depending on the extent of ameloblasts, different types of AI are described : hypoplastic, hypomaturation, hypocalcified or hypomaturation-hypoplastic. It can be noticed that these types sometimes coexist in the same patient and even on the same tooth.

According to the international classification proposed by Wiktop in 1988 (3), four major types were recognized based on phenotype. The different types are defined as follows :

-Hypoplastic: enamel is reduced in term of quantity and does not reach its normal thickness but is relatively wellmineralized.

-Hypomaturation : mineralization processes of the final stages are abnormal. Enamel thickness is normal but hardness is described as being decreased. Tooth shades range from a mottled opaque white to a yellow-brown or even a red-brown color, and tend to chip away from the underlying dentine.

-Hypocalcified : enamel is in relatively normal amounts but poorly mineralized. Enamel thickness on newly erupted teeth closely approaches that of normal teeth, but it is softer and friable and can easily be removed from the dentine.

-Hypomaturation-Hypoplastic : Enamel hypoplasia combined with hypomaturation. Taurodontism is the main feature.

All related fields to Amelogenesis Imperfecta have been extensively analyzed, such as etiology and clinical management.

Clinical problems associated with AI include poor aesthetics, dental hypersensitivity, loss of vertical dimension and poor occlusal function. Factors that adversely influence oral health and prosthetic treatment prognosis are poor oral hygiene and mouth breathing associated gingivitis and gingival hyperplasia. (4) Amelogenesis Imperfecta, whatever its form, is most often associated with disorders of maxillofacial growth. More than 50% of patients with AI and occlusal abnormalities also suffer from vertical problems, such as hyperdivergency and/or anterior open bites. Other cases involve deep bites that can be caused by dental tissue breakdown. The causes of these growth abnormalities are still unknown; however, they may be related to local and / or genetic factors. (5) Defects on the teeth are prone to heavy calculus formation that may eventually cover the teeth and cause gingival inflammation. These conditions make dental reconstructions delicate and unreliable, particularly for full-coverage restorations. Therefore, it is critical to achieve optimal gingival health before restorations. [START_REF] Poulsen S | AMELOGENESIS IMPERFECTA -A SYSTEMATIC LITERATURE REVIEW OF ASSOCIATED DENTAL AND ORO-FACIAL ABNORMALITIES AND THEIR IMPACT ON PATIENTS[END_REF] Previous studies demonstrated that AI is associated with discernable psychosocial effects. As these effects have a considerably negative impact on the patient's overall health, it is suggested that dental treatment for AI could be medically justified. [START_REF] Parekh S | AMELOGENESIS IMPERFECTA FEEL ABOUT THEIR TEETH?[END_REF] Due to its complexity, AI may require an interdisciplinary approach for diagnosis as well as for clinical management, including orthodontic, periodontology and prosthodontics.

Only by this means could the results be optimal, in terms of esthetic, structural, and functional issues.

One of the biggest challenges with this clinical situation, aside from managing the AI itself, is addressing the anterior open bite and the significant posterior tooth wear.

To date, levels of evidence regarding the different therapies are very limited. [START_REF] Dahash | INTERVENTIONS FOR THE RESTORATIVE CARE OF AMELOGENESIS IMPERFECTA IN CHILDREN AND ADOLESCENTS[END_REF] The majority of publications related to the clinical management of these cases are limited to simple case reports. [START_REF] Sabandal Mmi | AMELOGENESIS IMPERFECTA: REVIEW OF DIAGNOSTIC FINDINGS AND TREATMENT CONCEPTS[END_REF][START_REF] Millet | INTERDISCIPLINARY CARE FOR A PATIENT WITH AMELOGENESIS IMPERFECTA: A CLINICAL REPORT[END_REF] The aim of this study is to analyze the management of dento-skeletal vertical dimension in AI patients through a selection of case reports from the current literature. Secondly, this study attempts to reach a consensus for the management of these patients.

Methods

A systematic review of the literature was performed on the Medline database in order to identify the case reports dealing with the diagnosis and treatment of amelogenesis imperfecta cases published from January 1995 to June 2018. The electronic research strategy was based on the association of the Medical Subject Heading (meSH) terms:

"Amelogenesis Imperfecta" [Mesh], "Malocclusion"[Mesh] and "Vertical Dimension" [Mesh]. [Table 1]

Selection criteria applied for the review, inclusion criteria

The inclusion criteria were :

• Case report articles

• Articles about treatment of patients with an isolated form of Amelogenesis Imperfecta

• Definitive treatment

• Patient over 14 years old

• Articles with a description of the patient's diagnosis

• Publication after 1994

• Publication in French or English

Exclusion criteria

Exclusion criteria were :

• Patient's age not mentioned or younger than 14 years old

• Articles which are not cases reports

• Cases without diagnosis and/or dental and/or skeletal pre-treatment analysis.

• Transitional rehabilitation case reports

• Amelogensesis Imperfecta syndromic cases

• Case reports about genetic analysis

Search strategy

Since the literature on a such broad subjects would be abundant, the review focused on selected combinations of the three search terms: "Amelogenesis Imperfecta" AND "Vertical Dimension" [Mesh] and "Amelogenesis Imperfecta" AND "Malocclusion "[Mesh].

Data extraction and management

The articles were extracted by two reviewers independently, using a pre-established checklist described below for data extraction.

We focused our research on patients with an isolated form of AI i.e. non-syndromic cases.

As our study deals with the management of AI with an anomaly of the vertical direction, it is necessary to retain only articles specifying the diagnosis of the case, both dental and skeletal. Case reports which were not specific enough on the diagnosis description were rejected.

Regarding the diagnosis, only the data from the article was retained. The lack of reproducibility of certain documents through studies (photographs, radiography) does not allow reinterpretation specific to each study. 3 Results

Search terms

Inclusion of studies

Our electronic research identified 65 articles for the terms « Amelogenesis Imperfecta »[Mesh] AND « Malocclusion » [Mesh] and 22 articles for « Amelogenesis Imperfecta »[Mesh] AND « Vertical Dimension »[Mesh].

Initially, articles other than case reports were eliminated and we obtained, respectively, 43 and 17 case reports.

[Table : 1].

Secondly, considering the exclusion criteria, case reports were selected according to the diagram of article selection below (Fig. 1).

Considering the association « Amelogenesis Imperfecta »[Mesh] AND « Malocclusion »[Mesh]: 6 case reports were excluded according to exclusion criteria: 5 papers because of the date of the publication (<1994) and 1 paper as it was written in Hungarian.

For the association « Amelogenesis Imperfecta »[Mesh] AND « Vertical Dimension »[Mesh]: 1 article written in Polish was excluded.

After elimination of duplicates, 48 articles were obtained.

After reading titles and abstracts, 32 articles were rejected for various reasons as mentioned in the exclusion criteria [ Table 2]. First of all, 18 articles were excluded after title or abstract reading and secondly, after reading critical articles : 14 case reports were eliminated because of a general disease association or an age less than 14 years old, or a non-specific diagnosis described, or because of the treatment plan (provisional restoration or no description).

Finally, 16 articles were selected for the literature review.

All the studies were case reports each describing one patient. 

Patient's general characteristics [Table 7, cf Annex]

Sixteen patients aged from 14 to 45 were described, 6 males and 10 females. All patients were in the permanent dentition.

Regarding the type of Amelogenesis Imperfecta : 10 cases of hypoplastic type were described (63%), 2 hypocalcified and 2 hypomaturation. One paper presented an association of hypocalcified-hypoplastic types. Also, for one case the type of Amelogenesis Imperfecta was not specified.

Patients' oral characteristics included isolated dental sensitivity for 7 cases, periodontal diseases for 5 cases, and caries for 7 cases. Microdontia was described for 5 cases. Functional problems, such as difficulty chewing or sensitivity associated with loss of tooth structures, were present in 7 cases. There were 6 cases of non-erupted teeth due to impaction or agenesis. Ten patients benefited from dental treatment during childhood. Among these patients are described : amalgam restorations ; composite restorations ; steel crowns on molars. All the patients suffered from loss of tooth structure and discoloration problems. 3.3 Malocclusion characteristics. [Table 8, see Annex]

General consideration and evaluation methods

The diagnosis of the vertical dimension was specified either by cephalometric analysis (9 cases) or based on interocclusal space (6 cases). The interocclusal space was determined by phonetic test, or observed on a wax-up, or clinically with esthetic methods (measurement of the lower part of the face between the nasal point and the lower limit of the chin). Also, a single case report used both methods.

Fourteen patients had abnormalities of either the skeletal or dental vertical dimension. Two case reports described patients without issues i.e. dental and skeletal class 1 with no open-bite (11, 13).

Vertical dimension analysis

Vertical dimension (VD) can be defined as the distance between any two points measured in the maxilla and the mandible when the teeth are in maximum intercuspation.

The etiology of vertical dimension problems is complex and multifactorial, and may be attributable to a combination of genetic and environmental factors.

While the association of dental/skeletal open bite malocclusions with AI have been described in several previous studies (4), the complex relationship between these features remains poorly defined and the mechanisms responsible for this association unknown. (34)

Skeletal vertical dimension

Cases selected here show ten patients with an increase of skeletal vertical dimension, two with a decrease of the skeletal vertical dimension, and one presenting no abnormalities of the vertical skeletal characteristics. Three articles do not mention the skeletal diagnosis because of the absence of cephalometric evaluation [START_REF] Sengun | RESTORING FUNCTION AND ESTHETICS IN A PATIENT WITH AMELOGENESIS IMPERFECTA: A CASE REPORT[END_REF][START_REF] Harryparsad | AMELOGENESIS IMPERFECTA: A DIAGNOSTIC AND PATHOLOGICAL REVIEW WITH CASE ILLUSTRATION[END_REF][START_REF] Yilmaz | INTERDISCIPLINARY APPROACH TO ORAL REHABILITATION OF PATIENT WITH AMELOGENESIS IMPERFECTA[END_REF]. 

Occlusal vertical dimension (OVD)

A consequence of the loss/lack of enamel in Amelogenesis Imperfecta is the loss of the vertical dimension, and functional problems like decreased masticatory efficiency.

Attrition, reduction of the crown size, microform teeth, and significant tooth structure damage often result in occlusal disharmony affecting the patient's occlusal vertical dimension (OVD) but this data is independent of skeletal and dento-alveolar levels.

The OVD is defined as the distance between two selected anatomic points when the mandibular teeth are occluding with the maxillary teeth.

Amelogenesis imperfecta is often complicated by a reduced dental occlusal vertical dimension (OVD), diagnosed by an increased interocclusal space due to the loss of tooth structure.

12 patients present a loss of OVD. Among the ten patients with an increased skeletal vertical dimension, half of them were in skeletal class III.

According to the data reported in [Table 3] increase of vertical dimension can be found in all skeletal class malocclusions.

Among the patients with a decrease of vertical dimension, one had a skeletal class III and a retrognathic and edentulous maxilla, and an anterior open-bite [START_REF] Apaydin | CORRECTION OF MALOCCLUSION AND ORAL REHABILITATION IN A CASE OF AMELOGENESIS IMPERFECTA BY INSERTION OF DENTAL IMPLANTS FOLLOWED BY LE FORT I DISTRACTION OSTEOGENESIS OF THE EDENTULOUS ATROPHIC MAXILLA[END_REF], and one had a class I skeletal base [START_REF] Khc | REHABILITATION OF AMELOGENESIS IMPERFECTA USING A REORGANIZED APPROACH: A CASE REPORT[END_REF]. Only one of the cases reported that the skeletal vertical dimension was normal. ( 31)

Increase skeletal VD decrease skeletal VD normal

Skeletal class 1

1 1 1 skeletal class 2 2 0 0 Skeletal class 3 5 1 0 not mentioned 2 0 0 10 2 1
Table 3: Skeletal Characteristics and malocclusions.

Dental relationship. [Table 4]

Among dental anterior open-bite patients, six patients were in dental class I, one presented a class II, and 2 patients were in dental class III. It should be noted that in four cases the dental classification of occlusion was unknown.

Three patients had no anterior open-bite. They were all in dental class 1 and they had a loss of OVD because of reduced height of the posterior crowns, loss of enamel and tooth structures.

Twelve patients presented a loss of OVD. Among them, 7 patients were in dental class I and one of them was in dental class III.

Only 4 patients had no abnormalities of the OVD. 

Association between skeletal/dental vertical dimension with DVO

According to the data in [Table 5], there appear to be the two anomalies of the vertical dimension in Amelogenesis patients.

Skeletal and dental vertical dimension relationships.

Among the 16 patients included in the case report selection, 9 patients presented a skeletal and a dental (i.e. AOB) increase of the vertical dimension.

Among the 10 patients with a skeletal vertical dimension increase, 9 of them had an increase of the dental anterior vertical dimension (AOB).

Skeletal vertical dimension and OVD association.

We can observe that 6 patients with an increase skeletal vertical dimension had an OVD decrease.

The 2 patients with a decreased skeletal vertical dimension also had an OVD decrease.

Dental vertical dimension and OVD association.

Nine patients (56%) presented both an anterior open-bite and a decrease of the OVD. [Table 4]

Four patients had an anterior open-bite and OVD maintained, and only one patient had no anterior open-bite but with a loss of OVD.

All the four patients with OVD maintained were treated with conservative treatment during childhood (rehabilitation of teeth during childhood consisted of restoration by composite resin ; metal crowns were placed to conserve dental tissues).

Finally, among the ten patients with a skeletal vertical dimension increase, nine of them had an increase of the dental anterior vertical dimension (AOB), with 55% of them an OVD decreased association.

SKELETAL Vertical dimension

DENTAL vertical dimension

Increase decrease normal

Open-bite + OVD decrease

5 1 1 Open-bite + normal OVD 4 
No open-bite + OVD decrease 1 1 First, it is important to note that 100% of these cases had not received any treatment related to their malocclusion and vertical dimension anomalies during childhood and before the definitive treatment management but just restaurations of tooth decay and loss of enamel with amalgam, composite or steel crowns.

Most of the cases were treated by definitive rehabilitation with a multidisciplinary treatment : only one patient among the 16 had prosthetic rehabilitation only. [START_REF] Sengun | RESTORING FUNCTION AND ESTHETICS IN A PATIENT WITH AMELOGENESIS IMPERFECTA: A CASE REPORT[END_REF] 38% of patients had a combination of periodontology and prosthetic treatments.

It was observed that the periodontal surgery was often used in combination with prosthetic rehabilitation (without surgery and orthodontic treatment) to correct the OVD with a crown lengthening therapy.

Only one case was treated by surgery and prosthetic treatment only (because of an edentulous maxilla and rehabilitation by implants).

19% of patients were treated by orthodontic therapy before the prosthetic rehabilitation, and 38% of patients with orthognatihc surgery.

[Fig 5]

In some cases the possibility of orthodontic and/or surgical treatment was considered but excluded because of patient time constraints, disinterest, or financial difficulties. [START_REF] Harryparsad | AMELOGENESIS IMPERFECTA: A DIAGNOSTIC AND PATHOLOGICAL REVIEW WITH CASE ILLUSTRATION[END_REF][START_REF] Yilmaz | INTERDISCIPLINARY APPROACH TO ORAL REHABILITATION OF PATIENT WITH AMELOGENESIS IMPERFECTA[END_REF][START_REF] Nel | RESTORING FUNCTION AND ESTHETICS IN A PATIENT WITH AMELOGENESIS IMPERFECTA[END_REF] Figure 5: For the interdisciplinary treatment options, steps of treatment and type of each therapeutic intervention.

Treatment options and vertical dimension considerations

Treatment options and skeletal vertical dimension [Fig 6]

First, a prosthetic rehabilitation was always conducted for each patient treated in this case report selection. Among the ten patients with an increase of the skeletal vertical dimension, it was noted that 100% of them had a prosthetic rehabilitation. 57 % of the patients were treated before the prosthetic rehabilitation with orthognathic surgery or/and orthodontic therapy. 20% of patients had only orthodontic therapy before the prosthetic rehabilitation and 60% of the patients had periodontal treatment before the final prosthetic rehabilitation.

Regarding the 2 patients with a decrease of the skeletal vertical dimension, we can note that one of them (maxillary endentulous) was treated with surgery and prosthetic rehabilitation with implants [START_REF] Apaydin | CORRECTION OF MALOCCLUSION AND ORAL REHABILITATION IN A CASE OF AMELOGENESIS IMPERFECTA BY INSERTION OF DENTAL IMPLANTS FOLLOWED BY LE FORT I DISTRACTION OSTEOGENESIS OF THE EDENTULOUS ATROPHIC MAXILLA[END_REF], and the other was treated by a prosthetic treatment after a periodontal prophylaxis [START_REF] Khc | REHABILITATION OF AMELOGENESIS IMPERFECTA USING A REORGANIZED APPROACH: A CASE REPORT[END_REF] to restore the vertical dimension. For this patient, despite the decrease of skeletal vertical dimension, no surgery was proposed because this patient was a dental and skeletal class 1, and just presented with an OVD decrease impacting on the facial height.

One patient had no skeletal vertical dimension anomalies and their treatment was based on periodontology and prosthetic rehabilitation [START_REF] Becker Lh | AMELOGENESIS IMPERFECTA: FUNCTIONAL AND ESTHETIC RESTORATION OF A SEVERELY COMPROMISED DENTITION[END_REF].

For the 3 patients with no diagnosis of the skeletal vertical dimension, the treatment plan was conducted by periodontology and prosthetic rehabilitation. 

Treatment options and dental vertical dimension. [Fig 7]

In [Figure 7] comparisons are drawn between patients with open-bite and an OVD decrease or increase.

Open-bite and OVD decrease

In this study, nine patients had both an open-bite and an OVD decrease. Among them, for five patients the diagnosis mentioned an associated increase of skeletal vertical dimension. Only two of them were treated with surgery, orthodontic, periodontology and prosthetic rehabilitation, one with only orthodontic therapy before prosthetic rehabilitation to normalize the anterior and lateral open-bite [START_REF] Encinas | AMELOGENESIS IMPERFECTA: DIAGNOSIS AND RESOLUTION OF A CASE WITH HYPOPIASIA AND HYPOCAICIFICATION OF ENAMEI, DENTAI AGENESIS[END_REF], and for the 2 others the occlusal vertical dimension was treated with periodontal surgery (crown lengthening) and prosthetic rehabilitation.

Open-bite and normal OVD

The four patients with an anterior open-bite and a normal OVD had a increased skeletal vertical dimension [Table 6]. Three of them had surgery and orthodontic therapy before the prosthetic rehabilitation to correct the skeletal and dental vertical anomaly, and the other one had orthodontic therapy with teeth extractions before the prosthetic rehabilitation [START_REF] Morales Mv | INTERDISCIPLINARY TREATMENT OF A PATIENT WITH AMELOGENESIS IMPERFECTA[END_REF].

Among the patients treated with orthognathic surgery, one of them presented a loss of OVD [START_REF] Gisler | A MULTIDISCIPLINARY APPROACH TO THE FUNCTIONAL AND ESTHETIC REHABILITATION OF AMELOGENESIS IMPERFECTA AND OPEN BITE DEFORMITY: A CASE REPORT[END_REF] which was corrected during the prosthetic rehabilitation.

OVD decrease and no open-bite

Regarding the dental vertical dimension anomalies, we can note that patients with no dental open-bite are not treated with surgery (only 3 patients out of 16). These 3 patients without an open-bite had an OVD decrease. One and so the maxillary expansion was carried with a Hyrax screw appliance [START_REF] Kumar | AMELOGENESIS IMPERFECTA USING A COMBINATION OF ORTHODONTIC AND PROSTHODONTIC TREATMENT: A CASE REPORT[END_REF]. The two other patients were treated only with prosthodontic rehabilitation (and periodontal therapy) to restore the OVD. Regardless of the treatment modality, OVD is an important consideration for the treatment planning.

In this review, 13 cases were treated by modifying the vertical dimension value [ Fig 10].

The increase of occlusal vertical dimension (OVD) was noted in 12 cases (11 cases with prosthetic rehabilitation and periodontology surgery and 1 case with orthodontics). [ Table 6].

The decrease of skeletal vertical dimension was achieved by surgical treatment in 4 cases. One of the patients had both surgery to decrease the skeletal vertical dimension and a prothetic rehabilitation to increase the OVD.

We can note that of the other 3 patients treated for hyperdivergence by surgery, all presented with an anterior open-bite but had no modification of their OVD in the prosthetic rehabilitation.

The value of the OVD variation was not mentioned in most cases. Yet it is important to specify this value and to distinguish the changes in the posterior and anterior levels. We note that this evaluation was neglected in most cases except one [START_REF] Becker Lh | AMELOGENESIS IMPERFECTA: FUNCTIONAL AND ESTHETIC RESTORATION OF A SEVERELY COMPROMISED DENTITION[END_REF] in which the conditions and protocol of OVD increase were detailed. In the cases treated in this review, the first therapeutic consideration was whether the correction should be at the dental level alone or extended to the skeletal level. A combined orthodontic-surgical approach was often ruled out from the beginning at the express wish of the patient, who was informed of both the skeletal/facial benefits and the special difficulties of orthognathic surgery in cases of AI. This approach would have corrected the vertical and sagittal skeletal relationships, but an orthodontic camouflage approach could be adopted if the patient refused surgery. In cases of dental level correction and minor vertical anomalies, orthodontic treatment alone was used to improve the occlusion before the prosthetic rehabilitation. Four cases were treated with orthodontic treatment.

Surgery Orthodontics Periodontology

This treatment is often a compromise because some patients refuse surgical orthognathic treatment.

In the case of congenitally missing teeth, the treatment options are the same as for a hypodontia case and can largely be categorised into total space closure obviating the need for prosthetic replacement, or space opening and redistribution of space with subsequent restorations [START_REF] Encinas | AMELOGENESIS IMPERFECTA: DIAGNOSIS AND RESOLUTION OF A CASE WITH HYPOPIASIA AND HYPOCAICIFICATION OF ENAMEI, DENTAI AGENESIS[END_REF].

For mild open-bite or refused surgical treatment cases, anchorage and fixed appliances could also play a role, or could be a compromise in some cases [START_REF] Morales Mv | INTERDISCIPLINARY TREATMENT OF A PATIENT WITH AMELOGENESIS IMPERFECTA[END_REF].

In a specific case of skeletal III, dental class I, the orthodontic treatment plan involved the extraction of two maxillary and two mandibular premolars, which would allow alignment of the dental arches, retraction of the anterior teeth, and improvement of the inter-incisal angle while maintaining the Class I molar and canine relationships. Sectional spring was used to retract the first premolars and then the canines, using a palatal bar as anchorage, and a multibracket appliance were used to complete the treatment [START_REF] Encinas | AMELOGENESIS IMPERFECTA: DIAGNOSIS AND RESOLUTION OF A CASE WITH HYPOPIASIA AND HYPOCAICIFICATION OF ENAMEI, DENTAI AGENESIS[END_REF].

The role of fixed appliances can be a good option for cases with mild open-bite and non-alignment of the teeth [START_REF] Yilmaz | INTERDISCIPLINARY APPROACH TO ORAL REHABILITATION OF PATIENT WITH AMELOGENESIS IMPERFECTA[END_REF].

Orthodontic treatment is often used to correct misalignment, reopening the space for the maxillary lateral incisors.

Bonded and acrylic retainers are often used to maintain the space for the missing teeth after orthodontic treatment. [Table 10, annex] Moreover, orthodontic treatment is necessary in cases undergoing orthognathic surgery.

3.4.3.1.2 Orthodontic and surgery therapy.

Among the case selection, the multidisciplinary treatment with orthognathic surgery included four steps [Table 9, Annex] :

1-Orthodontic correction of tooth positions ; levelling and aligning with fixed appliances. The pre-surgical orthodontic treatment aimed to correct the transverse relation with rapid maxillary expansion (59, 64), or just with routine orthodontic fixed appliance mechanics [START_REF] Gisler | A MULTIDISCIPLINARY APPROACH TO THE FUNCTIONAL AND ESTHETIC REHABILITATION OF AMELOGENESIS IMPERFECTA AND OPEN BITE DEFORMITY: A CASE REPORT[END_REF]. Alternatively, a three-piece Le Fort 1 osteotomy could be used during the surgery to correct a transverse skeletal discrepancy.

The presurgical period was completed in 14 months [START_REF] Ramos | INTERDISCIPLINARY TREATMENT FOR A PATIENT WITH OPEN-BITE MALOCCLUSION AND AMELOGENESIS IMPERFECTA[END_REF][START_REF] Marşan | INTERDISCIPLINARY TREATMENT OF A PATIENT WITH AMELOGENESIS IMPERFECTA, A SKELETAL CLASS III RELATIONSHIP, AND AN ANTERIOR OPEN BITE[END_REF]; 16 months (29).

2-A one piece or three-piece osteotomy in the upper jaw combined with a genioplasty to adjust sagittal, vertical, and transverse dimensions [START_REF] Gisler | A MULTIDISCIPLINARY APPROACH TO THE FUNCTIONAL AND ESTHETIC REHABILITATION OF AMELOGENESIS IMPERFECTA AND OPEN BITE DEFORMITY: A CASE REPORT[END_REF], or bimaxillary surgery with posterior impaction and anterior advancement (three-piece osteotomy) and a mandibular set-back and counterclockwise rotation. [START_REF] Ramos | INTERDISCIPLINARY TREATMENT FOR A PATIENT WITH OPEN-BITE MALOCCLUSION AND AMELOGENESIS IMPERFECTA[END_REF][START_REF] Marşan | INTERDISCIPLINARY TREATMENT OF A PATIENT WITH AMELOGENESIS IMPERFECTA, A SKELETAL CLASS III RELATIONSHIP, AND AN ANTERIOR OPEN BITE[END_REF][START_REF] Keles | IMPROVING QUALITY OF LIFE WITH A TEAM APPROACH: A CASE REPORT[END_REF] 3-Postsurgical orthodontic refinement ; 5 months [START_REF] Marşan | INTERDISCIPLINARY TREATMENT OF A PATIENT WITH AMELOGENESIS IMPERFECTA, A SKELETAL CLASS III RELATIONSHIP, AND AN ANTERIOR OPEN BITE[END_REF][START_REF] Gisler | A MULTIDISCIPLINARY APPROACH TO THE FUNCTIONAL AND ESTHETIC REHABILITATION OF AMELOGENESIS IMPERFECTA AND OPEN BITE DEFORMITY: A CASE REPORT[END_REF] 4-A prosthodontic rehabilitation to stabilize the achieved results, 6 months after treatment [START_REF] Marşan | INTERDISCIPLINARY TREATMENT OF A PATIENT WITH AMELOGENESIS IMPERFECTA, A SKELETAL CLASS III RELATIONSHIP, AND AN ANTERIOR OPEN BITE[END_REF], or 12 months after treatment [START_REF] Keles | IMPROVING QUALITY OF LIFE WITH A TEAM APPROACH: A CASE REPORT[END_REF].

In most of cases, a non-solid interdigitation was achieved because of the flat occlusal relief, and tooth spacing remained to be corrected by prosthodontic procedures. Final stabilization of the occlusion and articulation with permanent fixed crowns in centric relation was performed after the surgery.

Surgery only.

For one case of an edentulous patient, orthodontic therapy was not considered before the surgery. In this case, the quality and volume of bone represented additional management challenges. Since the patient would not accept any autogenic bone replacement or any further operations, it was exceedingly difficult to identify a proper and suitable location for a dental implant to support the prosthesis. The correction of the interalveolar relationship between the maxilla and the mandible was achieved with distraction osteogenesis through orthognathic surgery and insertion of dental implants [START_REF] Apaydin | CORRECTION OF MALOCCLUSION AND ORAL REHABILITATION IN A CASE OF AMELOGENESIS IMPERFECTA BY INSERTION OF DENTAL IMPLANTS FOLLOWED BY LE FORT I DISTRACTION OSTEOGENESIS OF THE EDENTULOUS ATROPHIC MAXILLA[END_REF]. 

Periodontology treatment

In this present study, 60% of patients had a periodontology intervention (prophylaxis or surgery) before the prosthetic restoration.

Considering the patients without periodontal care, their periodontal conditions were always evaluated before the definitive rehabilitation. In most cases the gingival conditions were optimal before considering the final restoration. In one case the prophylaxis and prevention therapy were not done at the beginning of the treatment and, because the patient didn't brush well enough, the gingivae were slightly inflamed after the provisional restoration [START_REF] Sengun | RESTORING FUNCTION AND ESTHETICS IN A PATIENT WITH AMELOGENESIS IMPERFECTA: A CASE REPORT[END_REF]. For 50% of the patients treated by crown lengthening, the presurgical periodontal therapy consisted of oral hygiene instruction, scaling, and root planing. One patient benefited only from a prevention step before the surgery. The patient suffered from a mild localized gingivitis [START_REF] Thompson Ga | ORAL REHABILITATION OF A PATIENT WITH AMELOGENESIS IMPERFECTA[END_REF]. This step was very important to provide healthy gums before the treatment and to maintain this condition. However, two patients benefitted from periodontal surgical treatment without preventive therapy. In the article the diagnosis mentioned that the plaque index was 10% at the first visit and the patient demonstrated a good knowledge of correct oral hygiene. The periodontium was examined and found to be healthy [START_REF] Gisler | A MULTIDISCIPLINARY APPROACH TO THE FUNCTIONAL AND ESTHETIC REHABILITATION OF AMELOGENESIS IMPERFECTA AND OPEN BITE DEFORMITY: A CASE REPORT[END_REF][START_REF] Becker Lh | AMELOGENESIS IMPERFECTA: FUNCTIONAL AND ESTHETIC RESTORATION OF A SEVERELY COMPROMISED DENTITION[END_REF]. In addition, periodontal surgery was necessary in one case after orthodontic treatment and during the restorative procedures to treat the gingival recession with a root coverage gingival graft [START_REF] Ramos | INTERDISCIPLINARY TREATMENT FOR A PATIENT WITH OPEN-BITE MALOCCLUSION AND AMELOGENESIS IMPERFECTA[END_REF]. 6]

A wax-up was always used to demonstrate the outcome of the treatment. In some cases, orthodontic and maxillofacial procedures were completed prior to the prosthodontic wax-up, so that a satisfactory occlusal relation could be established. Alternatively, in more complex occlusal conditions the wax-up may have been performed

prior to orthognathic surgery [START_REF] Ramos | INTERDISCIPLINARY TREATMENT FOR A PATIENT WITH OPEN-BITE MALOCCLUSION AND AMELOGENESIS IMPERFECTA[END_REF].

The Periodontal treatment was completed before the provisional phase, based on the treatment needs (prophylaxis, crown lengthening).

As with the the wax-up, the provisional phase was always carried out before the definitive restoration in the case of a new vertical dimension. Regarding the rehabilitation of AI patients, various treatment modalities have been studied thanks to the advance in techniques and to the increased availability of dental materials.

In the literature, the use of composite resin veneers, porcelain veneers, stainless steel crowns, ceramic and metalceramics crowns, and over dentures are described in order to restore function and esthetics.

In this review, six patients had a full-mouth restoration with the same materials (50% with metal-ceramic crowns and 50% with ceramic crowns). In the other cases, different techniques and materials were used for anterior and posterior teeth.

For anterior teeth, in one case, direct composite was applied. In 50% percent of cases, ceramic crowns for anterior restorations were chosen, and for 40% veneers were applied on anterior teeth.

With regard to the rehabilitation of posterior teeth, in one case the restoration was carried out with direct composite. 20% of patients were treated with onlays on posterior teeth only, 40% of cases by metal-ceramic crowns, and all-ceramic and all-metallic crowns were both used for one patient.

It was noted that for a missing tooth, an implant was used to restore the space.

For the edentulous patient, implants were used to rehabilitate the maxillary arch and because of the lack of bone it was decided to connect a removable prothesis [START_REF] Apaydin | CORRECTION OF MALOCCLUSION AND ORAL REHABILITATION IN A CASE OF AMELOGENESIS IMPERFECTA BY INSERTION OF DENTAL IMPLANTS FOLLOWED BY LE FORT I DISTRACTION OSTEOGENESIS OF THE EDENTULOUS ATROPHIC MAXILLA[END_REF]. A removable prothesis was also indicated to treat the patient with multiple impacted teeth in the mandibular arch [START_REF] Patil Pg | AMELOGENESIS IMPERFECTA WITH MULTIPLE IMPACTED TEETH AND SKELETAL CLASS III MALOCCLUSION: COMPLETE MOUTH REHABILITATION OF A YOUNG ADULT[END_REF]. For this patient, the impacted teeth occupied maximum basal bone both in the maxilla and mandible. The removal of these teeth to allow for implant therapy was considered inappropriate because of the risk of weakening the jaw bone. Therefore, a complete denture was chosen as the most suitable option. Until now, with regard to the published papers on Pubmed, no systematic review has addressed the problem of the treatment of AI in terms of vertical dimension management.

The exploration of Pubmed with Mesh terms identified 48 articles in this systematic review. Only 16 of these were selected after screening. This relatively low number of case reports could be related to the rarity of the disease, the complexity of treatments, the need for long-term follow-up and the the lack of a proper diagnosis by clinicans.

Every selected article in this review was a case report. Although no interventional study was found in the literature, case reports are useful for an evidence-informed approach to the clinical management of rare diseases such as AI.

Because our study is about adult treatment interventions, we decided to focus on reported cases for patients older than 14 years: the maxillofacial growth after puberty and the permanent dentition after 14 years of age allows long term treatment planning.

In the fourteen cases selected in this review, 63 % of them were classified as hypoplastic, the most common type of AI described in the literature (2). Hence it is likely to be the most accurately documented type.

Many authors have identified AI as part of a syndrome associated with several types of general diseases. These can affect the development of other organs. In our study, we decided to focus on patients with no general diseases associated with AI. In addition, our literature review is based on the management of AI patients according to their skeletal and dental diagnosis. In this review, the patients' oral characteristics included dental sensitivity, periodontal diseases, dental caries and functional problems such as difficulties in chewing. These can be related to a rough enamel structure and poor oral hygiene caused by brushing sensitivity. In addition, cases of microform teeth and non-erupted (impacted or absent) teeth were also described. 94% of patients presented a malocclusion (skeletal or dental) and all patients suffered from a loss of tooth structure and discoloration problems [ Fig 3]. In the case report selection all patients had functional and aesthetic justifications for the treatment. The psychological impact of their unsightly smile played an important in their social life. This demand for aesthetic treatments leads the majority of dentists to focus only on the restorative side of the treatment, without considering orthodontic and surgical management.

50% of patients benefited from at least one dental treatment during childhood (direct restoration, extracted teeth, roots treatment, etc). Unfortunately, the authors of these cases provided no details regarding the procedures employed but they only focus on dental restoration due to loss of enamel or tooth decay but not on the management of the skeletal or dental malocclusion .

The high rate of malocclusion in this case report selection leads us to consider getting a specific diagnosis of these patients to fully understand the possibilities of treatment management as a result.

4.2.2 Skeletal and dental diagnosis of the patients with Amelogenesis Imperfecta. The important prevalence of these associated conditions suggests that sagittal and vertical skeletal have to be considered in the treatment plan.

Open bite malocclusions are defined by a lack of vertical overlap of the incisor teeth, failure of posterior teeth to occlude, and/or a craniofacial morphology characterized by an increase in the vertical dimensions of the anterior face.

The prevalence of open bite malocclusion in the general population is 3-7%. The etiology of this association has not been clarified. In Hoppenreiji's literature review, the authors suggested that the frequent association of AOB and AI is caused by a genetically determined anomaly of craniofacial development, rather than by local factors influencing alveolar growth. The mandibular occlusal plane angle in the AI group was steeper than in the non-AI group [START_REF] Hoppenreijs Tj | OPEN BITE DEFORMITY IN AMELOGENESIS IMPERFECTA. PART 1: AN ANALYSIS OF CONTRIBUTORY FACTORS AND IMPLICATIONS FOR TREATMENT[END_REF].

In our study, the results of the prevalence of skeletal and dental malocclusion are higher than in Rowley's (4) study which could be explained by a smaller sample size, the specific criteria for selection of case report and the method of analysis (56% by cephalometric analysis, 38% by interocclusal space and 6% by both techniques). 

Clinicians traditionally do not

OVD diagnosis of patients with Amelogenesis Imperfecta.

Dental characteristics associated with an increase of anterior dento-alveolar vertical dimension included posterior bilateral cross bite, multiple impacted teeth, diastema, microform teeth, an increased overjet of the anterior teeth and a loss of tooth structure leading to a significant loss of the posterior occlusal vertical dimension (OVD).

In this study, 75% of patients presented a decrease of occlusal vertical dimension, usually determined by the evaluation of the freeway space between occlusal surfaces.

While the methods of OVD evaluation vary, some case reports have used several approaches such as the evaluation of interocclusal distance (clinically and/or phonetically) and an aesthetic evaluation, sometimes associated with the cephalometric evaluation. [Fig: 5]. To assess the OVD, none of the proposed techniques have proved to be scientifically superior to others. Therefore, a cephalometric analysis, despite its imperfections, is considered as a reliable method [START_REF] Tavano Kta | DETERMINATION OF VERTICAL DIMENSION OF OCCLUSION IN DENTATE PATIENTS BY CEPHALOMETRIC ANALYSIS--PILOT STUDY[END_REF].

We suggested that there is no correlation between sagittal skeletal and dental malocclusion and the loss of occlusion vertical dimension, but this diagnostic data should be taken into account in the treatment plan to restore the optimal occlusion. [Table 4]

The study of these 16 articles highlights many effects on the vertical dimension for AI patients. Downward and backward skeletal growth impacted on the skeletal and dental vertical dimension of AI patients. Morevover, due to mechanical tooth abrasion because of the reduced thickness and hardness of the enamel, many patients suffered from OVD loss.

There seems to be no association between open-bite and a decrease in OVD, but each parameter is strongly linked with AI. Due to the skeletal and dental abnormalities in AI patients, it seems to be difficult to manage this specific condition with only a restorative treatment. It seems obvious that AI patients' management will require far greater attention.

Moreover, all 4 patients with an OVD maintained were treated with conservative treatment during childhood (rehabilitation of teeth during childhood: composite resin or metal crowns were placed to conserve dental tissues).

There was perhaps no occlusal vertical dimension loss when a tooth protection intervention was carried out during childhood.

We have to consider that AI patients are more prone to accelerated toothwear. Systematically protecting the teeth in order to prevent this loss of dental structures would allow the maintenance of the OVD until the definitive rehabilitation.

4.3 Treatments concepts of patients with Amelogenesis Imperfecta. 

Management of vertical dimension.

Among the ten patients with an increase of the skeletal vertical dimension, 100% of them had a prosthetic rehabilitation. This could be explained by the necessity to protect teeth surfaces from sensitivity, loss of enamel, maintaining masticatory function and restoring aesthetics. 57 % of the patients were treated before the prosthetic rehabilitation with orthognathic surgery or/and orthodontic therapy. 20% had only orthodontic therapy before the prosthetic rehabilitation and 60% of the patients had periodontal treatment before the final prosthetic rehabilitation. [ Fig 5] In AI patients there was a need to provide sufficient interocclusal space and crown height for the definitive restorations. This could be achieved with orthognathic surgery in the case of skeletal vertical dimension anomalies which impacted facial height after skeletal growth was complete.

For one patient, despite the decrease of skeletal vertical dimension, no surgery was proposed because this patient was a dental and skeletal class I and presented only with an OVD decrease, impacting on the facial height. It was proposed that this solution be adopted to treat patients with a mild decrease of facial height and no other anomalies. In fact, the patient's occlusal vertical dimension was increased with the use of prosthodontics, as the crown height of the anterior teeth needed to be lengthened to enhance aesthetics.

Regardless of the treatment modality, OVD is an important consideration in the treatment planning. An increase of the occlusal vertical dimension (OVD) effected by the treatment was noted. [Table 6].

Patients with no dental open-bite have a decreased OVD and were not treated with surgery (only 3 patients out of 16). [ Fig 7] One of them was treated with orthodontics before the prosthetic rehabilitation because the diagnosis indicated posterior cross bite and non-alignment of the teeth [START_REF] Kumar | AMELOGENESIS IMPERFECTA USING A COMBINATION OF ORTHODONTIC AND PROSTHODONTIC TREATMENT: A CASE REPORT[END_REF]. The two other patients were treated only with a prosthodontic rehabilitation to restore the OVD. According to these results we could suggest that the best approach to manage the OVD when there is no hyperdivergence of dental open-bite is to increase the OVD with a prosthetic rehabilitation. However, the limited number of cases does not allow to draw definitive conclusions and further study would be needed.

Subsequently, we can note that patients with both skeletal and dental increase of the vertical dimension, do not necessarily have occlusal vertical dimension problems. Because the increase of skeletal or dental vertical dimension could not be compensated for by an OVD decrease, they are the correct candidates for multidisciplinary treatment with surgery and orthodontic care before the prosthetic rehabilitation. [Table 6]

The other patients were treated for hyperdivergence with surgery; all presented with an anterior open-bite but with no modification of their OVD carried out in the prosthetic rehabilitation. [ Table 6] In these cases, the surgeon should be informed with regard to the planned prosthetic rehabilitation. The vertical position of the maxilla should be determined, taking into consideration the crowns that might be planned in the future restoarative phase of treatment. This would often require a larger than normal freeway space because of the reduced crown height in these patients [START_REF] Roeters | ESTHETISCHE TANDHEELKUNDE[END_REF].

In our study, nine patients had both an open-bite and an OVD decrease. In most cases, the diagnosis mentioned an associated increase of skeletal vertical dimension. Only two of them were treated with surgery, orthodontic, periodontology and prosthetic rehabilitation, and one with only orthodontic therapy before prosthetic rehabilitation to normalize the anterior and lateral open-bites [START_REF] Encinas | AMELOGENESIS IMPERFECTA: DIAGNOSIS AND RESOLUTION OF A CASE WITH HYPOPIASIA AND HYPOCAICIFICATION OF ENAMEI, DENTAI AGENESIS[END_REF]. For the others, the occlusal vertical dimension was corrected by periodontal surgery (crown lengthening) and prosthetic rehabilitation, but management of the hyperdivergence anomaly and anterior open-bite was not mentioned in the treatment.

In this situation, periodontal surgery is the easiest way to increase the OVD using subtraction management of prosthetic space by crown lengthening. This treatment greatly improved the OVD space before prosthetic rehabilitation but the skeletal vertical dimension was not managed. We can suggest that management of the hyperdivergence and the open-bite was not considered. This situation can be attributed to the fact that in this case selection the majority of case reports are treated by general practioners, who did not take into consideration the orthodontic diagnosis and did not adapt their treatment plan to the needs of the patients.

The majority of patients presented with an OVD decrease before the treatment and they were treated by modifying this condition with prosthetic rehabilitation, often associated with periodontal therapy. Cases with no OVD decrease were treated by surgery for hyperdivergence and open-bite. So, it seems that it is definitely possible to correct skeletal anomalies of the vertical dimension, and to correct the OVD (increased by prosthetic rehabilitation).

The value of the OVD variation was neglected in most cases except one [START_REF] Becker Lh | AMELOGENESIS IMPERFECTA: FUNCTIONAL AND ESTHETIC RESTORATION OF A SEVERELY COMPROMISED DENTITION[END_REF] in which the conditions and protocol of OVD increase were detailed. Yet, it is important to specify this value and to distinguish the changes in the posterior and anterior levels according to Abduo's systematic review [START_REF] Abduo | VERTICAL DIMENSION OF OCCLUSION: A SYSTEMATIC REVIEW[END_REF].

The therapeutic OVD should be validated through a temporary restoration (acrylic provisional restorations or fullmouth direct composite restorations [START_REF] Khc | REHABILITATION OF AMELOGENESIS IMPERFECTA USING A REORGANIZED APPROACH: A CASE REPORT[END_REF]) or an occlusal splint. [START_REF] Yilmaz | INTERDISCIPLINARY APPROACH TO ORAL REHABILITATION OF PATIENT WITH AMELOGENESIS IMPERFECTA[END_REF][START_REF] Kumar | AMELOGENESIS IMPERFECTA USING A COMBINATION OF ORTHODONTIC AND PROSTHODONTIC TREATMENT: A CASE REPORT[END_REF][START_REF] Becker Lh | AMELOGENESIS IMPERFECTA: FUNCTIONAL AND ESTHETIC RESTORATION OF A SEVERELY COMPROMISED DENTITION[END_REF]. It was used at an increased OVD to assess the patient's response before starting oral rehabilitation and to validate the wax-up.

Surgical therapy

In this literature review, 38% of patients were treated with orthognathic surgery. [Fig : 5] Clinical investigations have shown that an anomaly of the vertical jaw relationship in combination with increased lower anterior facial height has been observed in many AI patients. Vertical dysgnathia is the main reason why AOB is so frequently observed in patients with AI. Vertical dysgnathia increases the anterior maxillo-mandibular distance, leading to AOB.

Orthodontic correction of AOB is considered to be very difficult, due to the high relapse rate observed in many cases [START_REF] Hoppenreijs Tj | OPEN BITE DEFORMITY IN AMELOGENESIS IMPERFECTA. PART 1: AN ANALYSIS OF CONTRIBUTORY FACTORS AND IMPLICATIONS FOR TREATMENT[END_REF]. Inevitably, surgical treatment of patients with AOB combined with AI is one of the challenging alternative therapeutic modalities in orthognathic surgery. Treatment of such patients is a challenge for any clinician and a multidisciplinary approach by a team of orthodontist, maxillofacial surgeon, and prosthodontist is usually necessary.

Among the patients treated with orthognathic surgery, only one of them presented with a loss of OVD ( 27) which was corrected during the prosthetic rehabilitation. A wax-up was produced after the surgery with a 1mm vertical increase of the occlusion to create enough space for a restorative reconstruction. One could wonder why the management of the space for the prosthetic rehabilitation was not considered before the surgery and be provided beforehand.

However, the cases treated with surgery to decrease the vertical dimension further benefited from a wax-up for the prosthetic rehabilitation. In some cases the diagnostic wax-up suggested an increase in the OVD to create enough space for the ceramic crowns. It is highly important that the surgeon is informed about the prosthetic rehabilitation plan. The reduced height of crowns in these patients may require a larger than normal freeway space. It is suggested that the occlusal relationship should be evaluated before the surgery to allow enough space for the prosthetic rehabilitation. The surgeon should consider the final rehabilitation together with the prosthodontist to manage the vertical dimension. Moreover, as discussed below, crown lenghthening surgery can be used in combination to increase OVD in the case of small clinical crown height [START_REF] Abduo | VERTICAL DIMENSION OF OCCLUSION: A SYSTEMATIC REVIEW[END_REF].

In several cases the possibility of a combined orthodontic and orthognathic surgery approach are considered at the initial workup. However, in some cases due to the patient's fears this option was not chosen [START_REF] Harryparsad | AMELOGENESIS IMPERFECTA: A DIAGNOSTIC AND PATHOLOGICAL REVIEW WITH CASE ILLUSTRATION[END_REF]. We might suggest that the limited number of cases treated by surgical therapy in this literature review may be explained by the patient's time constraints, disinterest, or financial difficulties. We have to take into consideration that AI has a psychological impact in term of aesthetics, and because of the high number of appointments required due to dental problems from a young age. Moreover, in some cases the presence of multiple impacted teeth may have complicated the situation and made the orthognathic surgery option unsuitable [START_REF] Yilmaz | INTERDISCIPLINARY APPROACH TO ORAL REHABILITATION OF PATIENT WITH AMELOGENESIS IMPERFECTA[END_REF].

To gain the confidence of the patient and reassure them, we could suggest that in the first stage of the treatment tooth sensitivity should be reduced, and patients should be informed about oral hygiene and all other measures of prophylaxis [START_REF] Gisler | A MULTIDISCIPLINARY APPROACH TO THE FUNCTIONAL AND ESTHETIC REHABILITATION OF AMELOGENESIS IMPERFECTA AND OPEN BITE DEFORMITY: A CASE REPORT[END_REF]. Moreover, placement of a provisional restoration could reinforce the motivation of the patient.

A recent review described a CAD Protocol for the simulation of dental treatment of AI. The interest of this approach is to perform the simulation of the wax-up to offer a coherant therapeutic proposal and to reinforce the patient's adherence with the visualization of the treatment objectives. [START_REF] Brezulier* D | DESCRIPTION OF A CAD PROTOCOL FOR THE SIMULATION OF DENTAL TREATMENT OF AMELOGENESIS IMPERFECTA[END_REF] In most patients treated with orthognathic surgery, treatment requires a Le Fort I intrusion osteotomy with tilting of the occlusal plane, with or without bilateral mandibular sagittal splitting advancement osteotomy or genioplasty. This treatment was performed in four steps [2.4.3.1.2. Orthodontic and surgery therapy, Table 9]. The evaluation of the schema describing the processing steps allows us to see that the only difference might be in the time between each step.

Despite the deterioration of the teeth due to Amelogenesis Imperfecta, the surgical and orthodontic treatment does not significantly differ from those treated without the anomaly. The surgical treatment of adult patients with open bite and AI should produce an adequate intermaxillary relationship to facilitate occlusal prosthetic rehabilitation.

Orthodontic therapy

19% of patients were treated by orthodontic therapy before the prosthetic rehabilitation in this literature review.

The first therapeutic consideration was whether the correction should be at the dental level alone or extended to the skeletal level. A combined orthodontic-surgical approach is often ruled out at the beginning at the express wish of the patient, who was informed of both the skeletal/facial benefits and the difficulties of orthognathic surgery in cases of AI. This approach would have corrected the vertical and sagittal skeletal anomalies, but an orthodontic camouflage approach could be adopted.

We might suggest that orthodontic treatment without surgery could be a compromise for the patients with an increase of the vertical dimension and open-bite who refused the surgical therapy. Anchorage and fixed appliances devices could also play a role in mild anterior open bite [START_REF] Morales Mv | INTERDISCIPLINARY TREATMENT OF A PATIENT WITH AMELOGENESIS IMPERFECTA[END_REF]. Achieving perfect occlusion is not always the treatment goal, as the main principle is often to place the teeth in a position that facilitates the placement of restorations and minimizing the loss of tooth substance.

In the case of congenitally missing teeth, the treatment options are the same as for hypodontia cases and can largely be categorised into total space closure, obviating the need for prosthetic replacement, or space opening and redistribution of space with subsequent restorations [START_REF] Encinas | AMELOGENESIS IMPERFECTA: DIAGNOSIS AND RESOLUTION OF A CASE WITH HYPOPIASIA AND HYPOCAICIFICATION OF ENAMEI, DENTAI AGENESIS[END_REF].

In cases where there is a discrepancy in the maxilla or mandible, an osteotomy may be required to correct this.

Liaison between maxillofacial surgeons and orthodontist is the basis of the therapy. This is carried out in combination with fixed appliances to align and decompensated the arches. Temporary anchorage devices could also play a role in mild anterior open bites, managing the occlusal plan with the aid of an intra-osseous anchorage system and brackets [START_REF] Arkutu | AMELOGENESIS IMPERFECTA: THE ORTHODONTIC PERSPECTIVE[END_REF][START_REF] Cornelius C-P | SURGICAL TECHNIQUE, INDICATIONS, CONTRAINDICATIONS, AND COMMON PROBLEMS IN REVIEW OF THE LITERATURE[END_REF].

We have to take into consideration that alignment of the dental arches gives rise to special problems because of reduced hardness and thickness of the dental enamel (2). Bonding composite resin by the acid etch technique to enamel affected by AI is more difficult than bonding to normal enamel [START_REF] Seow Wk | CLINICAL DIAGNOSIS AND MANAGEMENT STRATEGIES OF AMELOGENESIS IMPERFECTAVARIANTS[END_REF]. The challenge of using fixed orthodontic appliances is to manage the defective enamel and determine whether the defective enamel can withstand the force that is applied during the treatment and when removing the appliances [START_REF] Arkutu | AMELOGENESIS IMPERFECTA: THE ORTHODONTIC PERSPECTIVE[END_REF]. In one case, the severe porosity and deformity of the right maxillary canine caused several failures in the adhesion to the bracket, and a temporary resin crown finally had to be placed over it. In another case, enamel fractures appeared after debonding brackets and adhesive. We can suggest that small fractures of enamel could be treated during the final prosthetic rehabilitation. Alternatively, the clinician could set up provisional restorations prior to the treatment, to both increase bracket adherence and to protect tooth surfaces [START_REF] Bouvier | AMELOGENESIS IMPERFECTA--A PROSTHETIC REHABILITATION: A CLINICAL REPORT[END_REF]. Several methods such as using plastic brackets, glass ionomer cement base adhesives, and traditional banded appliances have been described in the literature to improve adhesion, but the evidence is weak (43).

Periodontal therapy

In this present study, 60% of patients had a periodontal treatment (prophylaxis or surgery) before the prosthetic restoration. Even in cases without periodontal care, the periodontal status was always evaluated before the definitive rehabilitation.

Defects on the teeth are prone to the heavy formation of calculus that can eventually cover the teeth and cause gingival inflammation [START_REF] Poulsen S | GINGIVITIS AND DENTAL PLAQUE IN RELATION TO DENTAL FLUOROSIS IN MAN IN MOROCCO[END_REF]. The association of gingivitis with AI patients may be accounted for by the persistence of bacterial plaque on the rough enamel surface, and tooth sensitivity that leads to poor oral hygiene.

Therefore, it is critical to achieve optimal gingival health before any treatment. When gingival inflammation has been noted, a prophylaxis initiation and a scaling are perfomed. In one case, 10 months after re-evaluation of the final restoration, the patient had slightly inflamed gingivae due to the absence of preventive therapy and insufficient brushing [START_REF] Sengun | RESTORING FUNCTION AND ESTHETICS IN A PATIENT WITH AMELOGENESIS IMPERFECTA: A CASE REPORT[END_REF].

The prophylaxis initiation might be a full preventive regimen, including diet analysis and advice as well as oral hygiene instruction. Specific plaque removal instructions, along with professional interventions, have been shown

to be safe and efficient in both reducing gingival inflammation and in enabling periodontal health to be maintained throughout the patient's life [START_REF] Axelsson | EFFECT OF CONTROLLED ORAL HYGIENE PROCEDURES ON CARIES AND PERIODONTAL DISEASE IN ADULTS[END_REF].

In the case of periodontitis, the initial cause-related therapy included full-mouth debridement and root planing of all pockets with attachment loss [START_REF] Harryparsad | AMELOGENESIS IMPERFECTA: A DIAGNOSTIC AND PATHOLOGICAL REVIEW WITH CASE ILLUSTRATION[END_REF]. The presence of gingivitis, gingival hyperplasia or periodontitis has to be analysed and treated before beginning a surgical therapy, an orthodontic treatment or a prosthetic rehabilitation of the patient. 75% of patients benefitted from a provisional step before the definitive restoration. During the provisional step, the rough enamel surface was protected and the gingivae was in a better environnement to reduce inflammation. This allowed for proper remodelling and maturation of soft tissues and provided a perfect fit for the definitive restorations [START_REF] Sood | PERIODONTAL-RESTORATIVE INTERACTIONS: A REVIEW[END_REF].

We could mention that the patients should be encouraged to attend regular recall appointments at intervals of at most 6 months, to keep the motivation for oral hygiene and keep the tooth surfaces clean and intact [START_REF] Network | CARIES IN CHILDREN: A NATIONAL CLINICAL GUIDELINE[END_REF].

A periodontal surgical treatment might then be needed to increase by subtraction the OVD for prosthodontic restorations. [ Fig 10] In the case of a patient refusing orthodontic and surgical treatments, or patients with no skeletal or dental abnormalities despite a decrease of OVD, periodontal surgical procedures with bone reduction on molars would be needed in order to improve the occlusal plane. Indeed, patients with Amelogenesis Imperfecta often present with small crowns (microdontia, or due to gingival hyperplasia) and a decrease of the OVD due to loss of enamel.

Clinical crown lengthening could be carried out to increase the crown height, creating a new more apically positioned biologic zone. It also allows increased crown retention, a better harmony in the gingivo-cervical region, and an increase and normalized roots/crown ratio [START_REF] Abduo | VERTICAL DIMENSION OF OCCLUSION: A SYSTEMATIC REVIEW[END_REF].

Periodontal surgery can also be necessary after orthodontic treatment and during the restorative procedures to treat the gingival recession with a root coverage gingival graft [START_REF] Ramos | INTERDISCIPLINARY TREATMENT FOR A PATIENT WITH OPEN-BITE MALOCCLUSION AND AMELOGENESIS IMPERFECTA[END_REF].

The integration of periodontal considerations with orthodontics and restorative planning is now the standard of care. Direct and frequent communication between the periodontist, other specialist and general dentist is a prerequisite for predictable and satisfactory results.

Restorative treatment

In this study, the 16 cases had a prosthetic rehabilitation which lead to an improved occlusion, a better oral health, aesthetic appearance, preservation of tooth structures and reduced sensibility. [Fig: 2]

The prosthetic rehabilitation is always the ultimate goal of the treatment but can play a more or less a significant role in case of a patient's refusal of surgery or orthodontic treatment.

The multidisciplinary treatment of adult patients with open-bite and AI should produce an adequate intermaxillary relationship to facilitate occlusal rehabilitation. As we mentioned above, this could be performed with surgery and/or orthodontics procedures before the prosthetic rehabilitation.

A reorganized approach was adopted in the prosthodontics treatment of an AI patient to increase the occlusal vertical dimension. The loss of tooth substance in AI patients caused the decrease of the OVD. The definitive restorations need to provide sufficient interocclusal space and crown height to correct tooth shape and to restore function with a good OVD. 80% of patient in this study were treated with a rehabilitation of the vertical dimension of occlusion and for 11 of them the increase of the OVD was managed by the prosthetic rehabilitation. [Fig :10] The prosthetic treatment often begins with a wax-up, for diagnostic reason, and also to discuss with the patients the aesthetics. According to the case selection, the diagnostic wax-up is produce on the mounted study cast (always recording in the centric relation) and expected to realize provisional restorations. However, the existing vertical dimension without a reconstruction could already have been at its upper limit and could not have been increased

arbitrarily. A mock-up could be the remedy and allows to validate aesthetic and functional parameters intra-oraly [START_REF] Gisler | A MULTIDISCIPLINARY APPROACH TO THE FUNCTIONAL AND ESTHETIC REHABILITATION OF AMELOGENESIS IMPERFECTA AND OPEN BITE DEFORMITY: A CASE REPORT[END_REF]. In one case, a specific approach was choosen to test the new vertical dimension [START_REF] Khc | REHABILITATION OF AMELOGENESIS IMPERFECTA USING A REORGANIZED APPROACH: A CASE REPORT[END_REF]. First, a diagnostic waxup was produced to fabricate vacuum-formed transparent and full-mouth direct composite build-ups were performed. Secondly, when the best occlusion was validated, new study casts were made from the provisionally restored dentition.

It is always helpful to evaluate a patient's adaptability by provision of a diagnostic interocclusal splint for a trial period. However, many patients do not favour removable appliances and show poor compliance. In the present case, composite build-up's were used instead to address the problem. This assessed the patient's adaptability to the new occlusal scheme and acceptance of the anticipated appearance before making definitive preparations on the patient's teeth. Such an approach offers full control of the occlusion during the entire process and eliminates the potential for errors during the recording of the centric relation at the newly established vertical dimension.

However, this technique is not appropriate to all cases. In case of surgical treatment, provisional crowns are usually necessary before to decrease the risk of damage to the pulp and to restore the anatomy of the crowns.

Besides, the new vertical dimension is often validating after the surgery with another set of provisionnal cowns.

Alternatively, in more complex occlusal conditions, the wax-up may be performed prior to surgery [START_REF] Ramos | INTERDISCIPLINARY TREATMENT FOR A PATIENT WITH OPEN-BITE MALOCCLUSION AND AMELOGENESIS IMPERFECTA[END_REF]. This enables the placement of interim prostheses in the desired occlusal final relationship, thus guiding the surgeon for proper intra-operative jaw positioning.

In all these cases, patients showed good adaptability to the new occlusion and were satisfied with the aesthetic and functional outcome. Indeed, when there is a full mouth rehabilitation and/or an increase of the OVD, it is recommended to review the patient's adaptability to the new occlusion by the absence of temporo-mandibular joint muscle mastication abnormalities. After this step, we could finally rehabilitate the patient at the validated OVD [START_REF] Strauch S | RESTORATIVE TREATMENT IN PATIENTS WITH AMELOGENESIS IMPERFECTA: A REVIEW[END_REF].

Among the clinical case of this study, the use of composite resin veneers, porcelain veneers, stainless steel crowns, ceramic and metal-ceramics crowns and over dentures are described in order to restore function and aesthetics.

More recently, it was suggested that less invasive treatment alternative with direct composite resin restorations, especially in cases of Amelogenesis Imperfecta without malocclusion, may also be employed [START_REF] Sabatini | A CONSERVATIVE TREATMENT FOR AMELOGENESIS IMPERFECTA WITH DIRECT RESIN COMPOSITE RESTORATIONS: A CASE REPORT[END_REF].

While AI regularly affects both primary and secondary teeth, this study focus on cases treated for definitve restorations at adulthood. Direct restorations with resin-based composites are commonly preferred in young patients for avoiding extensive preparation of teeth during adolescence; however, the data strongly suggest that with a 5-year-survival rate of 50%, the longevity of direct restorations made from resin-based composite and glass ionomer cements is significantly lower in patients with AI than in matching healthycontrol groups [START_REF] Strauch S | RESTORATIVE TREATMENT IN PATIENTS WITH AMELOGENESIS IMPERFECTA: A REVIEW[END_REF]. These clinical observations underline the clinical problems associated with adhesive bonding to enamel in patients with AI. A high failure rate associated with insufficient bonding between the composite resin restoration and enamel among variants of AI has been reported in the past [START_REF] Seow Wk | CLINICAL DIAGNOSIS AND MANAGEMENT STRATEGIES OF AMELOGENESIS IMPERFECTAVARIANTS[END_REF]. However, some recent clinical reports high-lighted that direct and adhesively bonded restorations can feature favorable long-term results [START_REF] Strauch S | RESTORATIVE TREATMENT IN PATIENTS WITH AMELOGENESIS IMPERFECTA: A REVIEW[END_REF] which might be due to the continuous improvement of bonding systems in recent years. Although bonding onto the hypoplastic enamel is feasible, sufficient enamel must be available for bonding. Direct restorative materials, such as amalgam restorations are usually unsuccessful in severely affected teeth with AI due to fractures in defective enamel margins [START_REF] Strauch S | RESTORATIVE TREATMENT IN PATIENTS WITH AMELOGENESIS IMPERFECTA: A REVIEW[END_REF].

Moreover, direct technique allows the preservation of dental structure since the preparation is limited to affected areas with unsupported enamel [START_REF] Sabatini | A CONSERVATIVE TREATMENT FOR AMELOGENESIS IMPERFECTA WITH DIRECT RESIN COMPOSITE RESTORATIONS: A CASE REPORT[END_REF]. The restorations can be placed with minimal tooth preparation or no tooth preparation to preserve tooth structure. This technique allows to obtain the anatomical form of posterior teeth with direct composite according to the Index Technique, a new and conservative approach published by Ammannato and al in 2015 [START_REF] Ammannato R | THE "INDEX TECHNIQUE" IN WORN DENTITION: A NEW AND CONSERVATIVE APPROACH[END_REF].

Composite resin restorations were only used in few cases, probably because of the insufficient bonding between the adhesive product and the enamel in AI reported in the literature before the 2000s or the need to protect all the teeth surface due to the loss of enamel and manage the vertical dimension. But, due to this lack of consensus in the literature, there is still a necessity to evaluate the effectiveness of intraconoral restorations of teeth with AI.

Therefore, full coverage restorations may be a more effective method to provide maximal protection, esthetics, and function. According to Chiung-Fen Chen study, in case of hypomaturation AI, the defective enamel contains excessive organic matter that overtime becomes porous and stained; the defective enamel should be removed before placement of restorations [START_REF] Hu | TREATMENT CONSIDERATIONS FOR PATIENT WITH AMELOGENESIS IMPERFECTA: A REVIEW[END_REF]. In contrast to direct restorations, data gathered in a high-quality prospective study by Pousette Lundgren and al [START_REF] Lundgren | RESTORATIVE CROWN THERAPY: AN INTERVIEW STUDY WITH ADOLESCENTS AND YOUNG ADULTS ON THEIR EXPERIENCES[END_REF] as well as retrospective data published by Lindunger and Smedberg indicated no significant difference in the longevity of indirect restorations in patients with various types of AI [START_REF] Lindunger | A RETROSPECTIVE STUDY OF THE PROSTHODONTIC MANAGEMENT OF PATIENTS WITH AMELOGENESIS IMPERFECTA[END_REF]. Overall, results agree that indirect restorations are more commonly used in patients with AI feature (such as fixed full coverage prostheses and onlays). [ Fig 11] There are possibilities for the indirect prosthodontic rehabilitation of such teeth: conventional metal crowns, metal-ceramic crowns, full ceramic crowns and minimal invasive treatment with onlays or veneers. In this review, six patients have a full-mouth restoration with the same material (50% with metal-ceramic crowns and 50% with ceramic crowns). In the other cases, different techniques and materials were used for anterior and posterior teeth.

For example, in two cases, ceramic veneers were used to restore the anterior teeth and onlays to restore the posterior teeth [START_REF] Sengun | RESTORING FUNCTION AND ESTHETICS IN A PATIENT WITH AMELOGENESIS IMPERFECTA: A CASE REPORT[END_REF][START_REF] Ramos | INTERDISCIPLINARY TREATMENT FOR A PATIENT WITH OPEN-BITE MALOCCLUSION AND AMELOGENESIS IMPERFECTA[END_REF][START_REF] Keles | IMPROVING QUALITY OF LIFE WITH A TEAM APPROACH: A CASE REPORT[END_REF].

Ceramics crowns require significant tooth preparation but the possibility they offered with the CAD-CAM conception reveal new advantages for the preparation. They are also considered for anterior restorations because of its esthetics. Porcelain fused to metal (PFM) crowns for the anterior and posterior teeth were the restoration of choice for AI patients in the last few years and have been reported to be successful [START_REF] Hk | ORAL REHABILITATION OF YOUNG ADULTS WITH AMELOGENESIS IMPERFECTA[END_REF].

Removal of defective hypoplastic enamel revealed in some cases an unaffected dentinal layer existing. Then, the use of indirect minimally invasive restorations is enabled.

Casting onlays have also been suggested to protect the remaining tooth structure on the posterior teeth, and may be fabricated without tooth preparation [START_REF] Harley Ke | DENTAL ANOMALIES--ARE ADHESIVE CASTINGS THE SOLUTION[END_REF]. It may be a concern that the placement of supraoccluding restorations will result in an increase of the vertical dimension.

We can also observe that for a missing tooth, they choose to replace the space with an implant. There is no contraindication for the implant surgery on AI patient if the quantity of bone is evaluated before.

For the edentulous patient, implants were also used to rehabilitate the maxillary and because of the lack of bone they decided to connected a removable prosthesis [START_REF] Apaydin | CORRECTION OF MALOCCLUSION AND ORAL REHABILITATION IN A CASE OF AMELOGENESIS IMPERFECTA BY INSERTION OF DENTAL IMPLANTS FOLLOWED BY LE FORT I DISTRACTION OSTEOGENESIS OF THE EDENTULOUS ATROPHIC MAXILLA[END_REF]. A removable prosthesis was also indicated to treat the patient with multi impacted teeth on the mandibular arch [START_REF] Patil Pg | AMELOGENESIS IMPERFECTA WITH MULTIPLE IMPACTED TEETH AND SKELETAL CLASS III MALOCCLUSION: COMPLETE MOUTH REHABILITATION OF A YOUNG ADULT[END_REF].

We could suggest that the evolution of techniques plays in the choice of materials in order to achieve optimal results, although using the most conservative approach. For example, with new ceramics and CAD-CAM design it is nowadays possible to limit the tooth preparation and to preserve the vitality of teeth and a maximum of dental tissues.

Indirect restorations with crowns were selected based on the desire to maximally protect and with veneers and onlays to keep the restoration conservative as much as possible. In few cases, direct composite restorations could be use to restore small lesion, when a more conservative approach is desire or when the increase of OVD is minor.

Adequate tooth preparation and appropriate choice of restorative materials are essential to limit biological complications like loss of pulp vitality and to ensure long-term success with a correct adhesion.

The striking lack of evidence regarding the long-term outcomes of treatment methods and materials calls for caution in clinical decision-making. Notwithstanding these observations, clinicians have provided and continue to provide rehabilitative strategies for managing their patients' worn dentitions that range traditionally from extensive prosthodontics to an increasing reliance on adhesive techniques.

Conclusion

Amelogenesis imperfecta is a group of inherited disorders that pose diagnostic and restorative treatment challenges for dental care providers. This genetic disorder causes defective enamel development and modifying genes affecting both the dental and craniofacial developmental processes. Skeletal and dental increased of the vertical dimension malocclusions has been reported associated with AI (hyperdivergency and open-bite). Besides, abnormal enamel conducted in parallel to its mechanical wear and the loss of occlusion vertical dimension.

Although the number of well-designed clinical studies is limited, the authors attempt to derive some guidelines for treatment of patients with AI from the clinical studies that could be included into this review.

According to our study, the planning stage includes a detailed skeletal, dental and occlusal examination. An orthodontic diagnosis seems to be considering to explore skeletal and dental relationships systematically in AI for the treatment plan setting.

The treatment options should consider OVD in order to restore prosthetic space. Orthodontic and surgery treatment are often required due to hyperdivergence and anterior open bite, often associated to AI patients.

Besides vertical dimension anomalies, other malocclusions like cross-bite, Class II or Class III occlusion, and constriction of the maxilla may require orthodontic or surgery treatment.

Orthognatic surgery is recommended if the abnormalities of vertical dimension derive from skeletal component which could not be compensate. Orthodontic therapy is use in combination with orthognatic surgery to align and decompensated the arches and to manage impacted teeth or delayed tooth eruption. To minimize tooth wear before entering the restorative phase, the patient's teeth should be in the ideal position thanks to orthodontics treatment. Periodontology with crown lengthening before the prosthetic rehabilitation achieve to harmonize the smile and to manage by subtraction the prosthetic space.

Then a restorative reconstruction is indicated for all patients suffering from AI to prevent further attrition and destruction of the teeth, to protect from sensibility, to restore esthetics and to avoid loss of the vertical dimension.

To best manage this finally step it is recommended to choose the correct OVD. This can be performed by a full waxup and simulation of the future definitive reconstruction using provisional crowns, direct composite fillings, splints, or more recently with the use of CAD visualization. It allows to review the patient's adaptability to the new occlusion to finally rehabilitate the patient at the validated OVD. Beyond testing functional aspect, provisional crowns would provide an environment conducive for maintenance of periodontal health.

Coordinated interdisciplinary procedures are critical for a successful outcome and patient satisfaction.

Prosthodontic rehabilitation might be taken with full-crowns ceramic reconstruction for severe affected teeth.

Generally, the data indicate that indirect restorations feature superior predictability and longevity than direct restorations, which is particularly due to the impaired adhesive bonding to AI-affected enamel. Recently, adhesive treatments represent an interesting option for AI patients. Minimally invasive technique with onlays on posterior teeth and veneers on anterior for limited affected teeth are commonly used. It represents a promising alternative, especially in the posterior area, to preserve dental structure and stabilize weakened tooth substance; however, longer observation periods and randomized controlled trials with a large number of treatments are necessary to assess the long-term success of such restorations.

Direct adhesive restorations have to be used as soon as possible in young patient to provide loss of enamel and maintain vertical dimension. However, for definitive restorations its long term survives depend of protocols technique and type of AI surface. The cumulated evidence on outcomes of alternative restorations for each type of AI is critically needed. In the case reports selection, we don't have enough information about the success reevaluation of the treatments.

Depending of the diagnosis, the severity of the enamel loss, the anomalies of the vertical dimension, there is currently no standard of care established for managing patient with AI.

Coordination is almost synonymous with interdisciplinary approach which is necessary to evaluate, diagnose and resolve the aesthetic and functional problems using a combination of surgery, orthodontic, periodontology and restorative treatment.

Nowadays, with virtually CAD-CAM diagnosis wax-up and conception for surgery, orthodontics and prosthetic treatment, we can more easily consider the final rehabilitation, using minimally invasive method, explain pedagogically the course of the treatment to our patient [START_REF] Brezulier* D | DESCRIPTION OF A CAD PROTOCOL FOR THE SIMULATION OF DENTAL TREATMENT OF AMELOGENESIS IMPERFECTA[END_REF]. The general practitioner plays a major role in directed the patient toward specialist and determine with them the global treatment plan with the help of a diagnosis wax-up. Marçan G 2010: 1-Orthodontic treatment: Levelling and aligning initally began with fixed appliances. The presurgery period was completed in 14 months. 2-In the maxilla, the bimaxillary surgery comprised a 5.0-mm posterior impaction and a 5.0-mm anterior advancement; in the mandible, it involved a 5.0-mm set-back and counterclockwise rotation. 3-Five months postsurgery, the orthodontic appliances were removed. Fixed retainers were bonded between the first premolars in the maxilla and mandible.

Apayadin A, 2014 1.Le Fort I advancement osteotomy, intraoral distractors (that had been previously adapted to the patient's scull model) were placed at both sides of the maxilla, maxilla was distracted for 10 days 2.consolidation period 3.distractors were removed and implants inserted to the final sites. Implant sites with sufficient bone material had been previously selected using computed tomography data. 2.sectional springs to retract the first premolars and then the canines, using a palatal bar as anchorage.

Multibracket appliance

Ramos, 2011: 1.Orthodontic preparation involved maxillary arch expansion (Hyrax expander followed by transpalatal bar) as well as alignment and leveling, in order to achieve better arch coordination prior to orthognathic surgery. ( 14 months) 2.

Orthognathic surgery was performed and the maxilla and mandible were moved forward. The mandible was rotated in a counterclockwise direction and a genioplasty was also performed. 3. After 3 months : finishing phase of orthodontic treatment was accomplished. Yilmaz B, 2014: 1. The orthodontic treatment was accomplished in seven months with the use of an edgewise fixed appliance with maxilla-mandibular anterior vertical elastics. Résumé français : L'Amélogenèse Imparfaite est une affection génétique héréditaire rare touchant la structure de l'émail en denture temporaire et permanente et est à l'origine d'anomalies squelettiques et dentaires ayant des conséquences notables sur la dimension verticale des patients atteints. L'objectif du travail est d'analyser les traitements proposés aux patients atteints d'Amélogenèse Imparfaite (AI) isolée, afin d'appréhender les possibilités de gestion du sens vertical de ces cas complexes, en fin de croissance. La revue a été entreprise à partir des bases de données PubMed en juin 2018. Les recherches ont permis de sélectionner seize cas cliniques de patients atteints d'AI dont la prise en charge thérapeutique et le diagnostic du sens vertical squelettique et/ou dentaire étaient décris. L'analyse diagnostic des articles a révélé une augmentation de la dimension verticale squelettique et/ou dentaire et/ou une diminution de la dimension verticale d'occlusion (DVO). La prise en charge thérapeutique révèle que 100% des patients présentent une réhabilitation restauratrice complète. En amont, dépendamment du diagnostic et des besoins, les patients ont bénéficié de traitements en chirurgie orthognatique, orthodontie, parodontologie. Les anomalies du sens vertical d'origine basale ayant pour origine la croissance osseuse de la face sont traitées par chirurgie orthognatique. L'orthodontie permet de gérer l'alignement dentaire et le traitement des malocclusions d'origine alvéolo-dentaires en minimisant les délabrements dentaires. La parodontologie permet d'aménager, par soustraction, l'espace prothétique nécessaire. La réhabilitation restauratrice permet d'augmenter la DVO, de protéger les substances dentaires et de satisfaire les doléances esthétiques. Les restaurations indirectes répondent avec succès à ces exigences. Les restaurations minimalement invasives sont de plus en plus considérées mais leur faisabilité dépendant du type, de l'anomalie et requièrent des résultats supplémentaires en terme de protocole clinique et de longévité. 

1

  INTRODUCTION ................................................................................................................................. 2 METHODS ......................................................................................................................................... 2.1 SELECTION CRITERIA APPLIED FOR THE REVIEW, INCLUSION CRITERIA ............................................................... 2.2 EXCLUSION CRITERIA .............................................................................................................................. 2.3 SEARCH STRATEGY ................................................................................................................................. 2.4 DATA EXTRACTION AND MANAGEMENT ..................................................................................................... 3 RESULTS ........................................................................................................................................... 3.1 INCLUSION OF STUDIES ...........................................................................................................................

3. 4 . 3 . 1

 431 Orthodontics and Orthognathic Surgery [Fig 8]. .................................................................................................... 3.4.3.1.1 Orthodontic therapy. ....................................................................................................................................... 3.4.3.1.2 Orthodontic and surgery therapy. .................................................................................................................... 3.4.3.1.3 Surgery only. ..................................................................................................................................................... 3.4.3.2 Periodontology treatment ...................................................................................................................................... 3.4.3.2.1 Periodontology prophylaxis .............................................................................................................................

Fig : Figure Titre :

 Titre Fig : Figure

Figure 1 :

 1 Figure 1 : Diagram of selection of the articles.

  [Fig 2] 

Figure 2 :

 2 Figure 2 : General characteristics of patients included in the selected articles.

[Fig 3 ]

 3 Skeletal characteristics associated with increase of the vertical dimension include increased anterior face height (long lower face), steep mandibular plane, maxillary constriction and high mandibular angle.
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 3 Figure 3: Skeletal vertical dimension.
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 322 Dental vertical dimension With regard to dento-alveolar level, the cases treated in the selected articles show that 13 patients have an openbite. Dental open-bite was defined as open vertical dimension between the incisal edges of the maxillary and mandibular anterior teeth (36). Anterior open-bite (AOB) is the open occlusal relationship of anterior teeth. There are no patients among the case report selection who suffer from Amelogenesis Imperfecta and have a deepbite. [Fig 4]
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 4 Figure 4: Patients with Amelogenesis Imperfecta and open-bite.
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 4 Treatment options 3.4.1 Management of the treatment and place of each therapeutic.
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 6 Figure 6: Treatment options and skeletal vertical dimension.

  among the 3 patients was treated with orthodontics before the prosthetic rehabilitation because the diagnosis indicated posterior cross bite and non-alignment of the teeth. Moreover the patient refused the surgical treatment
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 7 Figure 7: Treatment options and dental vertical dimension.

  + OVD decrease Open-bite + OVD normal No Open-bite + OVD decrease Type of treatment Vertical dental dimension abnormalities Surgery Orthodontic periodontology prosthetic rehabilitation 3.4.3 Therapeutics used 3.4.3.1 Orthodontics and Orthognathic Surgery [Fig 8].
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 8 Figure 8: Representation of patients treated by orthodontic or surgery therapy before prosthetic rehabilitation.

1

 1 Periodontology prophylaxisIn two cases the patients needed motivation to maintain oral health and a scaling to reduce the inflammation of the gingival tissues before prosthetic rehabilitation. [Fig 9] 
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 4322 Periodontology surgery Seven patients needed crown height lengthening. [Fig 9] This was carried out in molar areas or in the full mouth to create a new more apically positioned biologic zone and to increase the crown vertical dimension for prosthodontic restorations. [Fig 10]. In the case of refusal of orthodontic and surgical treatments, periodontal surgical procedures with bone reduction on molars would have been needed for improving the occlusal plane and the anterior open bite.
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 11441 Figure 11:Representation of prothetic materials used.
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 1 Clinical problems associated with Amelogenesis Imperfecta.

Among the 16

 16 patients included in the case report selection, 9 patients presented with a skeletal and a dental (anterior open-bite) increase of the vertical dimension. [Fig 3]. 63% of patients had an increase of skeletal vertical dimension associated with a sagittal skeletal malocclusion [Table 3]. A Dental open-bite was found in 81% of the patients. [Fig 4]. Half of these were in dental class 1.

  define skeletal open bite using a limited set of clinical criteria but rather rely upon the gestalt of the craniofacial features evaluated clinically and radiographically to arrive at the diagnosis of skeletal open bite.(5) According to the case selection diagnosis, skeletal characteristics associated with an increase of the vertical dimension include increased anterior face height (long lower face), steep mandibular plane, maxillary constriction and high mandibular angle. Increase of vertical dimension can be found in all different classes of skeletal and dental malocclusions.
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 1 Orthodontic correction of the mandibular shift, unilateral posterior crossbite, and facial asymmetry. (. After two months of initial leveling, she was given a bonded hyrax for maxillary expansion because the patient refused surgical expansion of her maxilla, expansion: 12 days, consolidation: 3 months) Gisler V, 2010: 1-an orthodontic correction of tooth dislocations; 2-a three-piece osteotomy in the upper jaw combined with a genioplasty to adjust sagittal, vertical, and transversal dimensions; 3-a postsurgical orthodontic refinement; Varela Morels 2010: 1.orthodontic treatment plan involved the extraction of two maxillary and two mandibular premolars, which would allow us to align the dental arches, retract the anterior teeth, and improve the interincisal angle while maintaining the Class I molar and canine relationships.
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 1 Numbers of titles listed in Pubmed (June 2018) for various combinations of the research terms.

Table 2 :

 2 Rejected articles and cause of rejection.

	Zimmermann M, 2016	treatment of an 8-year-old patient	
	Saeidi, 2015		no diagnosis and analysis before the rehabilitation.
	Béchor N, 2014	12-Year-old girl	
	Ashkenazi M, 2014		Nephrocalcinosis associated
	O'Connell S, 2014	7 year-old	associated dental follicular hamartomas
	Millet, Duprez, 2013	10 year-old	
	Kala Vani SV, 2012		Enamel renal syndrome
	Nibali L, 2012		Hereditary gingival hyperplasia associated
	Finkelstein T, 2012	12 year old	
	Oliveira et al. 2011		leukoderma syndrom association
	Arnetzl GV, 2011	8-year-old boy	
	Lee KE, 2011		no treatment plan, off-topic
	Kinzer 2010	age not mentionned,	no diagnosis of the patient
	Lindemeyer RG, 2010		focus on genotype-phenotype correlations, off-topic
	Al-Salehi SK, 2009		Treatment and rehabilitation at 22 years because of mandibular fracture
			malnutrition and frequent antibiotics during
	Assunçao 2009		childhood, systemic syndrome because of
			consanguinity mariage
	Sabatini, 2009		Transitional treatment, not completely skeletal growth.

Sadighpour et al., 2009 Thyroid hyperfunction Zarati S, 2009 transitional restauration in a young patient Akin, 2007 the diagnosis and analysis of the patient are not described Siadat, 2007 the diagnosis of the patient is not described Suda N, 2006 cleft lip and palate and polycystic kidney disease Ozturk N, 2004 the diagnosis of the patient is not described

  

	Toksavul S, 2004	the diagnosis of the patient is not described
	Luzzi et al., 2003	9-year-old female
	yip HK, 2003	the diagnosis of the patient is not described
	N. de la Tranchade I, 2003	Systemic problem: Nephrocalcinosis
	Bouvier et al., 1999	7-year-old
	Hunter and Stone, 1997	9-year-old
		case of a family with hypomaturation X-
	Bundzman ER, 1999	linked AI discussion of the clinical and
		histopathological aspects of this disorder.
	Rosenblum SH, 1999	13-year-old
	Holroyd I, 1995	genetic analysis of a unique family record, off-topic

Articles Cause of rejection Age <14 years Systemic syndrom associated not specific description of the diagnosis or the treatment treatment plan ( transitional treatment or no description )

  

Table 4 :

 4 Dental vertical anomalies and malocclusions.

						anterior open-
		anterior open-bite	no anterior open-bite	decrease OVD OVD maintain	bite + decrease
						OVD
	Dental class 1	6 3 (Sengun: edge to edge )	7	2	4
	dental class 1					
	and class 2 (each different	1	0	1	0	1
	side)					
	Dental class 2	0	0	0	0	0
	Dental class 3	2	0	1	1	1
	not mentioned	4	0	3	1	3
		13	3	12	4	9

Table 5 :

 5 Association between skeletal and dental vertical dimension with DVO.

Table 6 :

 6 Which treatments improve the vertical dimension and how.

  4.3.1 Therapeutics used to treat these patients.Dahash et al. stated in 2013 that no randomized controlled studies to survey the outcome of dental treatment in patients with AI were available[START_REF] Dahash | INTERVENTIONS FOR THE RESTORATIVE CARE OF AMELOGENESIS IMPERFECTA IN CHILDREN AND ADOLESCENTS[END_REF]. Thus, the currently accessible evidence regarding the treatment approaches of patients with AI is very limited. In 2015 Lundgren et al. published a split mouth study on the long-term outcome of full-crown restoration in patients with AI using different crown materials[START_REF] Lundgren | RESTORATIVE CROWN THERAPY: AN INTERVIEW STUDY WITH ADOLESCENTS AND YOUNG ADULTS ON THEIR EXPERIENCES[END_REF]. Besides this clinical trial, only very few studies comparing different treatment procedures and assessing treatment outcome in subjects with AI have been published, while several other studies only focused on the description of clinical findings or described genetic analyses. The majority of available publications are case reports.

	The study of these 16 cases will attemp to show which treatment plans are appropriate to deal with vertical
	dimension disorders.
	The principal treatment aims of improving function and facial/dental aesthetics could be divided into skeletal

goals (correcting the class II and III pattern and vertical relationship) and dental goals (correcting the anterior open bite, achieve ideal overbite and over jet), while also considering the impact of Amelogenesis Imperfecta on dental structures in relation to OVD decrease.

Treatment planning for patients with AI is conditioned by many factors such as age, type and the severity of several disorders.
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Au moment d'être admis à exercer une profession médicale, je promets et je jure d'être fidèle aux lois de l'honneur et de la probité.

Mon premier souci sera de préserver, de promouvoir ou de rétablir la santé dans toutes ses dimensions, physique et mentale, personnelle et sociale.

Pour cela, je travaillerai en partenariat respectueux avec mes confrères et avec toutes les autres professions qui partagent les mêmes objectifs. J'aiderai les autorités sanitaires dans leurs efforts pour préserver et améliorer la santé de la population.

Je ne permettrai pas que des considérations de religion, d'ethnie, de classe sociale ou de revenus viennent s'interposer entre mes patients et moi. Je donnerai mes soins à l'indigent et à quiconque me les demandera. J'aurai comme objectif de prodiguer à mes patients les soins reconnus comme les plus efficients par les sciences médicales du moment.

Je ne me laisserai pas influencer par la soif du gain.

Je préserverai l'indépendance nécessaire à l'accomplissement de ces missions.

Je n'entreprendrai rien qui dépasse mes compétences et je considérerai comme un devoir absolu de perfectionner sans cesse celles-ci.

Je respecterai toutes les personnes, et leur autonomie.

J'informerai les patients des décisions envisagées, de leurs raisons et de leurs conséquences.

Je tiendrai compte de leurs choix et de leurs préférences pour leur procurer la qualité de vie la meilleure.

Je ne ferai rien pour forcer leur conscience.

Je garderai à mes maîtres le respect et la reconnaissance qui leur sont dus. J'apporterai mon aide à mes confrères ainsi qu'à leurs familles dans l'adversité.

Que les hommes et mes confrères m'accordent leur estime si je suis fidèle à mes promesses.

Que je sois couvert d'opprobre et méprisé si j'y manque.

Annex table 7 : General characteristics of patient's included in the selected articles. table 8: Skeletal and dental diagnosis of patient included in the selected articles