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Introduction. Dental rehabilitation of patients with alveolar-dental cleft sequelae is a crucial issue in the final stages of functional and aesthetic management of these patients. The objectives of this study are to establish the success of implant-supported rehabilitations for patients with alveolar dental cleft sequelae followed in the Department of Maxillofacial Surgery and Stomatology of Lille University Hospital and the reasons for not using this type of rehabilitation for others. Materials and method. Patients treated between January 2009 and December 2018 with implant-supported prostheses at an alveolar dental cleft site were included. Dental implants were placed after a complementary alveolar bone graft. Clinical and radiological criteria regarding periodontal, occlusal and prosthetic status were studied. Results. A total of 12 implants in 8 patients were placed. One of these implants was lost, resulting in an implant survival rate of 91.7%. All patients were able to benefit from functional rehabilitation. Discussion. The present results demonstrate the interest and reliability of implant rehabilitation in these patients. They furthermore highlight financial factors as a barrier to using this solution among the majority of patients in care.

INTRODUCTION

Congenital malformation is very common (1.55 cases per 1000 births in Europe [START_REF] Panamonta | Global birth prevalence of orofacial clefts: a systematic review[END_REF]): orofacial clefts are almost always associated with dental agenesis [2; 3]. In addition to a multidisciplinary treatment from an early age, patients with orofacial clefts must also complete prosthetic rehabilitation. Often complex, the prosthetic treatment is further complicated in the case of alveolar dental cleft (ADC) by a lack of periodontal tissue. Several therapeutic choices are currently possible for a patient with ADC. Orthodontic treatments which aim to close edentulous spaces associated with overall aesthetic rehabilitation are a systematic choice for some patients. Nevertheless, an optimal position of the teeth is impossible in 10 to 50% of cases [START_REF] Wang | Clinical outcomes of dental implant therapy in alveolar cleft patients: a systematic review[END_REF] making the final aesthetic result debatable. Conventional prosthetic treatments involve either fixed rehabilitations -at the cost of dental dilapidation and occlusal compromises, using bridges with complete or partial peripheral preparations -or removable rehabilitations, which are often difficult for young people to accept. Moreover, these prosthetic rehabilitations, following occlusal compromises, can encourage bone resorptions, especially on the site of the old cleft or on its periphery.

Implanted rehabilitations offer an elegant, effective and easily accepted solution for patients. Recently, survival rates of over 90.5% at three year follow-up have been reported [START_REF] Takashi | Use of endosseous implants for dental reconstruction of patients with grafted alveolar cleft.pdf[END_REF]. However, an implant treatment plan involves many stages, including primary and often secondary grafts in the case of ADC, implant surgery, one or more mucosal surgeries and, finally, prosthetic rehabilitation. The success of the treatment depends on the experience of the practitioner but more especially on the clinical follow-up and hygiene of the patient. Studies show satisfactory success rates with minimal bone loss consistent with those reported in patients without ADC sequelae [START_REF] Takahashi | Long-term follow-up of dental implants placed in a grafted alveolar cleft: evaluation of alveolar bone height[END_REF]. Implant rehabilitations therefore seem to be the solution of choice for patients with ADC. However, the cost of this treatment represents a significant barrier to access to treatment. The social insurance system provides differing amounts of financial support depending on the country. However, patients with ADC most often have one to two missing teeth, often lateral incisors, which play an important role in the aesthetics and self-esteem of the patient. The main objective of this study is to establish the success rate of implant-supported prosthetic rehabilitations in patients with ADC sequelae monitored at the University Hospital of Lille through the evaluation of clinical and radiological parameters. The secondary objective is to establish the reason(s) for discontinuity of treatment and noncontinuation of the proposed implant treatment for patients with ADC.

MATERIALS AND METHODS

Patients

This retrospective study included all patients with unilateral or bilateral ADC sequelae who underwent prosthetic implant-supported rehabilitation followed in the Department of Maxillofacial Surgery and Stomatology of Lille University Hospital between January 2009 and December 2018. Patients with ADC sequelae who received an implant-supported rehabilitation involving teeth not affected by the ADC, those who did not benefit from an implant rehabilitation, and patients without prosthetic follow-up after the implant placement were all excluded. Smokers were not excluded from this study. (Figure A) All patients included were received in consultation between June and August 2019. An additional survey conducted via oral and written questionnaires, was carried out with excluded patients lost to follow-up after alveolar graft in order to know the reasons for this discontinuity of treatment.

Surgical protocol

All patients received a pre/peri-implant complementary alveolar bone graft. Prior 3D planning was done for each of them (Simplant® or DTX Studio Implant®) and resulted in the placement of Nobel® Active Conical Connection implants, Nobel® Replace Conical Connection and Zimmer® Tapered Screw Vent. The implants were placed according to the adapted instrumental sequence under local or general anesthesia.

Evaluation criteria

Implant survival was studied, as was the success of the implant, according to Buser criteria (absence of persistent subjective clinical signs: pain, foreign body sensation, dysesthesia, absence of chronic peri-implantitis associated with suppuration, absence of implant mobility, absence of a peri-implant radiolucent area). The pre-implant bone volume was measured using cone beam. Vertical compensation was measured on the pre-implant 3D mapping. Marginal bone loss (MBL) was measured using retro-alveolar X-rays performed with an angulator. Periodontal status was assessed clinically (observation and periodontal sounding) and radiologically to assess the Maynard and Wilson periodontal morphotype, Silness and Loë plaque index, keratinized gingival height, and presence of periodontal disease. The type of prosthetic rehabilitation and the static occlusion with 200µ articulating paper were reported. Patient satisfaction with their implant-supported rehabilitation was assessed.
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RESULTS

Eight patients were included, comprising four men and four women. The alveolar bone grafts were autogenic in three patients (cranial or endo-oral sampling) and alloplastic in five patients (MBCP Biomatlante®). These transplants were performed during the implant placement or up to twenty-two months before implant surgery. Four patients underwent orthognathic maxillary surgery, three of which took place before implant surgery and one after.

A segmental osteotomy of the implanted area was performed in two patients to improve vertical compensation. These osteotomies were planned as early as the 3D implant planning phase.

Twelve implants were placed in patients with a mean age at the time of implant surgery of 20.25 years old, and a postoperative follow-up took place within a period ranging from 16 months to 92 months. The mean follow-up after functional loading of the implants was 26.9 months (Table A). The twelve implants placed had an average diameter of 3.5 mm (3 to 4.3 mm), and an average length of 10.8 mm (8 to 13 mm). Ten of these replaced a lateral incisor and two replaced the central incisor (Table B). One implant, in the central incisor position (3.7 x 10mm) on a four-element bridge, was lost before osseointegration. This implant loss did not interfere with the functional loading of the other three implants in this patient. The implant survival rate was calculated at 91.7%.

The periodontal clinical and radiographic examination of the patients showed an average keratinized gingival height of 2.69 mm (0 mm to 7.5 mm). The periodontal morphotype was type I in three patients, type III in two patients and type IV in three patients. The plaque index at the implant site was 0 for three patients, 1 for three patients, 2 for one patient and 3 for another patient. The average peri-implant periodontal probing was between 0 and 2 mm in three patients, between 2 and 3 mm in two patients and between 3 and 4 mm in two further patients.

It was not possible to perform periodontal probing in the patient carrying a rehabilitation on four implants because of the prosthetic gingiva. Six patients had at least one sign of periimplant mucositis, according to the new periodontal disease classification proposed by Heitz-Mayfield and Savi [7; 8] (visual signs of peri-implant gingival inflammation, bleeding on probing) (Table C).

No patients had additional periodontal soft tissue surgery.

None of the implants were clinically mobile, showed suppuration or coil exposure, or were the source of persistent subjective clinical signs. The implant success rate of implants in place was therefore calculated at 100%. The average bone volume at the time of implant placement was 8.6 x 11.8mm (width x height). Measurements of MBL showed an average bone loss of 0.36 mm (0 to 1 mm). These bone losses did not affect implant integrity (Figure B).

Figure B. Marginal bone loss (MBL) evolution

The sample of prosthetic rehabilitations supported on the implants comprised: seven unitary prostheses in the lateral incisor position, one implant-dental supported bridge fixed onto three elements and one implant-supported bridge comprising four elements. The fourelement bridge replacing the maxillary incisal area was the only rehabilitation using false gingiva. Four unitary prostheses had a greater prosthetic height than the opposing tooth to effect vertical compensation. These vertical offsets averaged 3.38 mm (2 to 5 mm). The occlusion after orthognathic surgery was reported as class III Angle in five patients and class II in three further patients. Five of these had an inter-incisor center shift averaging 1.6 mm. In all patients, occlusion of the implant-borne prosthesis presented attenuated or absent contacts with the antagonistic teeth. Posterior occlusal contacts were distributed in a balanced way.

In the end, seven patients reported that they were satisfied with their implant-borne prosthetic rehabilitation. One patient reported that she was not satisfied with her rehabilitation for aesthetic reasons due to the height of the prosthetic crown and the offset of the collar line. She will receive an epithelio-conjunctive graft in the coming months to improve the thickness and esthetic aspect of peri-implant soft tissues.

Regarding those patients who received a pre-implant alveolar graft but were not included in the study, four had implants but had not yet a prosthesis at the time of the study, two did not attend their follow-up appointments, one had their implant placement performed elsewhere, one had decided to stop all surgical management, one had total maxillary rehabilitation, and twenty-two (70.9%) had not been able to benefit from implantation due to a lack of financial means. These results were obtained from a supplementary survey conducted using oral and written questionnaire.

DISCUSSION

These results are in keeping with pre-existing studies concerning the reliability of graft site implant rehabilitation in patients with ADC sequelae [9; 6; 10; 11; 5]. They also confirm the results already established for the minimum implant length necessary (10 mm) [12; 13] and the lack of increased incidence of MBL [START_REF] Takahashi | Long-term follow-up of dental implants placed in a grafted alveolar cleft: evaluation of alveolar bone height[END_REF] in patients with ADC sequelae.

However, a major difference should be observed in the present grafting protocol, because no difference in terms of osseointegration was observed in patients who received a complementary bone graft at the same time as implant placement, compared to those grafted remotely [START_REF] Jensen | Reconstruction of residual alveolar cleft defects with one-stage mandibular bone grafts and osseointegrated implants[END_REF]. Nor was there any difference in the nature of the graft (autogenic or alloplastic).

The only reported implant failure concerned a rehabilitation with immediate esthetics loaded by screwed transitional crowns secured on four implants. Furthermore, this failure did not thwart the "definitive" rehabilitation of the remaining three implants and resulted in implant success.

In the present sample of patients, a downside is observed concerning soft tissues. Periodontal surgery is not systematically considered in the protocol, even for patients who do not have satisfactory keratinized gingival height. This probably makes maintaining good oral hygiene more complicated in these patients. However, these findings must be balanced because MBL, periodontal disease and implant survival rates do not seem to have been affected as expected in the case of implants placed in an imperfect periodontal environment [14; 8]. These results can be explained by the low plaque indices found (greater than or equal to 2 in two patients) and the absence of smoking patients in the present sample.

Prosthetic restorations without occlusal loading or with diminished intensity of the occlusal contact points associated with a balanced posterior occlusion seem to be a preferred option for implant rehabilitation among these patients. However, only an in-depth study of the occlusion, including its dynamic components as well as the monitoring of any associated parafunctions, could have confirmed this with certainty [15; 16].

Maintaining the transverse direction was one of the difficulties of these prosthetic rehabilitations due to the high rate of occlusal asymmetry and the strong tendency of corrections to revert. Occlusal adaptations were required for one patient in this regard: in one case, a central incisor bis was necessary (Figure C). Occlusal instability is an element to consider in the treatment plan for labio-maxillofacial clefts. Indeed, often anterior surgeries, which are sometimes numerous and repeated, cause significant retractions of the palatal tissues. In these cases, occlusal stability cannot be obtained without definitive restraint. In these cases, the implant-supported rehabilitation, if elected, must integrate this occlusal difficulty.

The presence of scars and mucosal bridles, as well as variable anatomical bone volumes, are among the anatomical difficulties of ADC sequelae which must be considered in order to anticipate potential technical difficulties. These difficulties may lead to a contra-indication of implant rehabilitation due to insufficient bone volume resulting from failed bone graft, or to new surgery being deemed impossible due to lack of vascularization of the site.

An essential feature of implant management of patients with ADC sequelae is openness to compromise, whether on technical (segmental osteotomy, vertical compensation) or aesthetic aspects (false gingiva, prosthesis shape, asymmetry of the dental formula).

On the other hand, the peculiarities inherent to the treatment pathways of these patients, such as repeated surgeries and treatment over a period of several years, certainly explain the lack of motivation shown by some to commit to an implant treatment plan. Added to this is the cost of these implant rehabilitations which are, for these patients, the only surgery options without systematic treatment. In this study, twenty-two patients (70.9% of ADC patients followed during the study period) were unable to access implant treatment because of the lack of social cover for this type of rehabilitation. Implant rehabilitation of labio-maxillofacial clefts is a reliable therapeutic option, providing the best possible results for the management of these malformations. It is a technique which enables the preservation of dental organs and provides the most anatomical restoration of the occlusion.

However, this rehabilitation is not always possible, given a large number of constraints inherent to the management of ADC. Indeed, social reasons sometimes make it difficult to enforce the oral hygiene required for successful implant rehabilitation [START_REF] Plakwicz | Periodontal indices and status in 34 growing patients with unilateral cleft lip and palate: a split-mouth study[END_REF].

Occlusal stability is an element which must be integrated. In this context, primary surgery of the alveolar breach should consider the purpose of dental rehabilitation which cannot be obscured. The periodontal situation must be integrated even if the present sample does not seem to be impacted by the results of these rehabilitations. It is highly likely that very good hygiene can compensate for the absence of attached gingiva. Social cover is clearly a limiting factor in the choice of these supports. In this sample, it is a cause of lack of treatment for many patients. The need for better management of these patients, who have a disease described as rare in addition to being associated with dental agenesis, is evident.

The overall objective of this study was therefore also to gain an insight into how to better manage these patients until a complete implant rehabilitation is undertaken. The high satisfaction rate among the patients of this study reinforces the need to further develop this avenue of research. 
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 8 Figure C. Illustrations of patient number 8 A: intraoral front view, B: maxillary occlusal view, C: panoramic radiograph at the implant placement day, D: periapical radiograph at 92 months follow-up
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	Table C. Periodontal characteristics												
	Patients *NA= not applicable Alveolar	Implant	Implant	Implant	Vertical	Replaced	Prosthesis	Occlusion	Follow-up
		bone graft	type	diameter	length	compensation		teeth			type	
	Number 1	autogenic	Nobel Replace	3,5mm		10mm	4mm			22			unitary	III R, II L, I-i=1mm	52 months
	Number 2	MBCP	Zimmer TSV	3,7mm x4	10mm x3 8mm x1	4mm		11-12-21-22	bridge of 4 elements	II, posterior butt R	32 months
	Number 3	MBCP	Nobel Replace	3,5mm		11,5mm	3mm			22			unitary	III, posterior butt, I-i=3mm	18 months
	Number 4	autogenic	Nobel Replace	4,3mm		10mm	5mm			22			unitary Periodontal probing III R, II L, I-i=2mm	42 months
	Number 5 Number 6 Patients	MBCP MBCP + Bio Oss Periodontal morphotype	Nobel Active Nobel Active Plaque index	3,5mm 3mm x2 Keretanized 13mm 13mm x2 gingival height	4mm 3mm Disease	Bleeding	22 12-22	VM	unitary unitary VC	VD	II III	PM	18 months 28 months PC	PD
	Number 7 Number 1	MBCP I	Nobel Active 1	3mm	11,5mm 4mm	2mm mucosite	no		22	3mm	unitary 2mm	II, I-i=1mm 5mm 4mm	84 months 2mm	3mm
	Number 2	IV	2		0mm	mucosite	yes				NA	Implant-NA	NA	NA	NA	NA
	Number 8 Number 3 Number 4	autogenic IV I	Nobel Replace 3 1	3,5mm 7,5mm 10mm 0mm	2mm mucosite mucosite	yes yes	12-11bis 1mm 4mm	dental 0mm supported bridge 1mm	III, I-i=1mm 1mm 1mm 3mm 1mm	92 months 0mm 5mm	1mm 2mm
	Number 5	IV	0	0mmm	mucosite	no			1mm	0mm	1mm	4mm	3mm	3mm
	Number 6	III	0	3,5 mm	none	no		1mm	3mm	1mm	0mm	4mm	3mm
	Number 7	I	1	3,5 mm	mucosite	yes		5mm	2mm	3mm	4mm	3mm	2mm
	Number 8	III	0		3mm	none	no			3mm	1mm	2mm	3mm	2mm	2mm

*R = right, L = left, I-I = inter-incisor center shift
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