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Abstract

:

The main objectives of the present prospective clinical study were to evaluate the marginal bone resorption and the peri-implant soft tissue conditions around narrow diameter implants, as well as the clinical performances of metal–ceramic and all-ceramic single crowns in the implant–prosthetic treatment of maxillary lateral incisors agenesis. Seventy-two patients affected by monolateral or bilateral agenesis of the maxillary lateral incisors were included in the study, and a total of 105 narrow diameter implants were inserted. The final single crowns were fabricated 4 months after the surgical procedures by means of either titanium abutments with Auro-Galvan Crowns (AGC) veneered with feldspathic ceramics or zirconia abutments with all-ceramic (alumina or zirconia) crowns layered with dedicated veneering ceramics. Both marginal bone resorption and soft tissue quality were evaluated after a maximum period of 16 years. Two independent survival curves for patients wearing AGC or all-ceramic crowns were calculated by means of Kaplan–Meier analysis, and a log-rank test was performed in order to compare these curves (p < 0.05). After 16 years of clinical function, a mean marginal bone resorption of 1.2 ± 0.61 mm and good response of peri-implant soft tissues were observed. Descriptive statistics resulted in 80% and 87.1% cumulative success rates for patients provided with AGC prostheses onto titanium abutments and all-ceramic crowns on-to zirconia abutments, respectively. The cumulative survival rate calculated for AGC group was 93.3%, whereas all-ceramic group showed a cumulative survival rate of 95.7%. No statistically significant differences were found with the log-rank tests. The overall success and survival rates calculated were 85% and 95% for all the restorations, respectively. Mucositis, abutment unscrewing, loss of retention, chipping, core fracture, and esthetic failure were the major complications reported. The implant–prosthetic approach can be considered an effective and viable solution to treat cases of maxillary lateral incisor agenesis in the long term.
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1. Introduction


Dental agenesis was defined as the absence or failure of formation of a tooth [1]. The prevalence of tooth agenesis was reported to range between 1–3% among different population groups [2,3]. Missing permanent maxillary lateral incisors represents about 20% of all cases of agenesis; this anomaly was noticed to be more frequently bilateral [3]. Different prevalence percentages were reported in the literature for maxillary lateral incisor agenesis on the basis of race and sex: its prevalence varied across population between 0.8% to 4.5% [4], although studies on North-Western European populations showed a lower congenital prevalence, from 1% to 2% [5].



Missing teeth were often associated with tooth ectopias and/or other abnormal dental conditions, such as smaller or peg-shaped teeth on the contralateral side. In such cases, the canines are often mesial or lingual positioned, and the midline is displaced towards the side affected by agenesis. Deciduous maxillary lateral incisors often remain in the dental arch for a time longer than its physiologic falling [6,7].



The lack of maxillary lateral incisors was reported to cause remarkable esthetic concerns by patients [8].



Several treatment options have been proposed for the rehabilitation of maxillary lateral incisor agenesis, as follows:




	
Conservative approach: this approach should be considered a short-term solution and consists only in an esthetic reshaping of the deciduous lateral incisor with composite resins [9].



	
Orthodontic approach: intercepting or orthodontic treatment is used to move the canines into the place of the lateral incisors and the space of the missing tooth is closed by moving the adjacent premolars and molars mesially [10].



	
Prosthetic approach: the missing maxillary lateral incisor is replaced by means of an inlay bridge (i.e., Maryland bridge) or a fixed partial denture (metal–ceramic or all-ceramic) sustained by the upper canine and central incisor [11,12]. The proper position of the canine is a paramount factor, since an adequate space in occlusion is indispensable to guarantee the correct thickness of an inlay bridge. Furthermore, a sufficient space between the upper central incisor and the upper canine is necessary to realize a prosthetic restoration of appropriate size.



	
Implant approach: osseointegrated implant-supported restoration replaces the missing tooth. Occasionally, a previous orthodontic adjustment of the prosthetic space is indispensable [13,14].








According to the literature, patients usually prefer the orthodontic approach to close the edentulous space or the implant treatment, since no tooth preparation is required. As reported by several authors, the implant–prosthetic rehabilitation of maxillary lateral incisor agenesis or the orthodontic closure of the edentulous space can be considered the most conservative and widespread treatments [15,16].



Scientific investigations confirmed that the crestal bone resorption of submerged and non-submerged implants are comparable [17].



Recent investigations found that clinical outcome with narrow-diameter implants was comparable to standard-diameter implants in the anterior zone [18,19].



Particularly, the cumulative success rate reported was satisfactory, ranging from 84.2% to 100% (mean of 95.2%). Prosthetic (fracture of the abutment, loosening of the abutment screw, chipping of the veneering ceramic) and biologic (mucositis, peri-implantitis, fistulae, food impaction) complications were the major drawbacks reported [20].



A 10-year study on submerged implant-supported prostheses showed that prosthetic complications represent 18.8% of the drawbacks in the implant–prosthetic treatment of missing teeth [21].



The present prospective clinical study aimed at evaluating the marginal bone resorption and the peri-implant soft tissue conditions around Narrow-Neck ITI implants in the implant–prosthetic rehabilitation of the maxillary lateral incisor agenesis. Cumulative survival and success rates of the implant–prosthetic systems were also calculated after 16 years of clinical function.




2. Materials and Methods


The present prospective study included 72 patients (49 females and 37 males) affected by maxillary lateral incisor agenesis and rehabilitated by means of implant–prosthetic restorations. The age of the patients ranged from 19 to 46 years. In 39 patients, the anomaly was unilateral (54.16%), while in 33 subjects it was bilateral (45.8%). All patients were in good general health; 15 were smokers (20.83%), and 6 showed occlusal parafunctional habits (8.3%). Patients were provided with a consent form and a written explanation regarding alternative techniques, the nature of the treatment, and associated procedures and risks. The patients were also provided with a consent form to participate in the study.



The study was performed by expert prosthodontists of the Department of Fixed Prosthodontics of the University “Federico II” of Naples (Italy); an ethical review was stated by the university.



The recruitment of patients was carried out between September 2003 and July 2004 according to the common criteria established by the literature for implant-supported prostheses. The following inclusion criteria were adopted [22,23]:




	
single tooth space(s) with adjacent teeth intact or restored with functionally and aesthetically good restorations;



	
the presence of prostheses precluding the addition of the missing tooth;



	
patient reluctance of preparation of adjacent teeth;



	
patient refusal to wear removable partial dentures.








Patients with a history of substance abuse, psychoses, unrealistic aesthetic expectations, inability to undergo minor oral surgical procedures, comprised health of the local site, insufficient bone quality or mouth opening precluding the placement of the implant, inadequate vertical space, or incomplete facial growth and tooth eruption were excluded from the study.



Before surgery, the quantity and quality of bone tissue were analyzed by means of clinical examination with Rinn standardized periapical radiographs according to the long cone technique with parallel rays and CT Dental Scan. All patients showed an average bone thickness from the buccal to the lingual side of 6 ± 1 mm, an average bone height of ±131 mm (from the margin of the alveolar ridge to the floor of the nose), and an edentulous space (measured from the distal side of the central incisor to the mesial aspect of the canine) of ±60.5 mm.



According to the bone crest height, 105 ITI-SLA Narrow Neck implants (Institut Straumann AG, Waldenburg, Switzerland) were used, as reported below:




	
Sixty-one Narrow-Neck implants 3.3 mm × 10 mm;



	
Twenty-one Narrow-Neck implants 3.3 mm × 12 mm;



	
Twenty-three Narrow-Neck implants 3.3 mm × 14 mm.








The clinician performed a crestal incision located slightly on the palatal aspect and extended the incision through the sulcus of the adjacent teeth to both the buccal and palatal aspect of the alveolar ridge to surgically insert implants. Buccal relieving incisions were only performed for 37 patients.



A fine tissue elevator was used to elevate the buccal and palatal muco-periostal flaps to ensure low-trauma soft tissue handling. Narrow-Neck protective copings with an internal occlusal screw were employed to cover the implants after the surgery.



During the healing time, 48 patients did not wear any temporary restoration, whereas the other 24 patients wore a resin denture tooth supported by a fake orthodontic appliance.



Four months after the surgical procedure, the osseointegrated implants were loaded. In order to take a fixture-level impression, a thin layer of an adhesive specific for polyethers (Polyether Adhesive, 3M ESPE) was spread on custom autopolimerizing acrylic resin trays (SR-Ivolen, Ivoclar, Schaan, Liechtenstein), and impression transfers and polyether materials (Permadyne Penta H,Permadyne Penta L, 3M ESPE, Seefeld, Germany) were used.



A dental technician prepared 105 titanium standard hollow abutments (height of 9 mm) and 105 screwed acrylic temporary crowns.



After 25 days of function with temporary prostheses, the final restorations were tried and delivered, using 33 Auro Galvan Crowns (AGC) on titanium abutments (Figure 1, Figure 2, Figure 3 and Figure 4) and 72 all-ceramic (alumina or zirconia) on zirconia abutments (Figure 5, Figure 6, Figure 7 and Figure 8). The patients were not randomly allocated to the study groups but were divided according to mucosal biotype and biomechanical variables for each single case. Patients with thin biotypes were considered more suitable to receive all-ceramic crowns onto zirconia abutments in order to obtain the best esthetic outcome. Differently, patients with thicker buccal peri-implant tissues and/or unfavorable implant–prosthetic lever arms were provided with conventional titanium abutments and AGC crowns.



The final AGC crowns were cemented with a zinc–phosphate luting agent, whereas all ceramic crowns were cemented with a glass ionomer cement. Excess cement was removed by means of Teflon curettes in order to avoid potential peri-implant soft tissues inflammation (i.e., mucositis and/or peri-implantitis).



Follow-up controls were performed 1 month after loading, 6 months after loading, and then every year to a maximum period of 16 years.



The clinical success of the implant–prosthetic rehabilitation of the missing maxillary lateral incisors was evaluated by means of the following parameters:




	
standardized periapical radiographs;



	
four-point peri-implant probing (i.e., mesial, buccal, distal, and palatal), determined after removing the crowns;



	
peri-implant soft tissues conditions;



	
mobility and pain of osseointegrated implants.








The peri-implant tissue conditions were established by means of the following periodontal parameters: Plaque Index (PI), Gingival Index (GI), Bleeding On Probing (BOP), and Papilla Index Score (PIS) [24,25].



More particularly, PIS describes the quantity of the papilla by means of five levels:




	
PIS 0: no papilla;



	
PIS 1: less than half papilla in the vertical direction compared with the other teeth;



	
PIS 2: half or more than half papilla in the vertical direction compared with the other teeth but not in harmony with the contiguous papillae;



	
PIS 3: papilla filling the interdental space and in harmony with the contiguous papillae;



	
PIS 4: hyperplasic papilla covering the restoration.








Marginal bone resorption was evaluated clinically by means of 4-point peri-implant probing and measured radiographically with standardized periapical radiographs. A customized silicon check bite was added to the centering device in order to make periapical radiographs reproducible for each patient, allowing clinicians to measure the marginal bone resorption by means of digital software.



The marginal bone resorption and four-point peri-implant probing were evaluated after 16 years of clinical function. Potential differences among the different aspects of each implant were analyzed by means of One-way ANOVA and Tukey’s post hoc test for comparisons. Cumulative survival and success curves of both AGC and all-ceramic crowns were calculated after a maximum period of 16 years of clinical function by means of Kaplan–Meier analysis, and the log-rank tests were performed in order to compare these curves.



Furthermore, the global survival and success rates of all the implant–prosthetic restorations were reported. The success rate was defined as the number of implant–prosthetic units that did not report any complication; all the complications were considered as events for Kaplan–Meier analysis. The level of significance was set at p < 0.05 for all the statistical tests. Statistical analysis was performed using the software SPSS 22.0 (SPSS Inc., Chicago, IL, USA).




3. Results


Osseointegration was achieved for all 105 narrow diameter implants. Five patients (three provided with AGC and two provided with all-ceramic crowns) did not reach the 16-year follow-up after the load application, because three patients relocated to another city and two patients chose to rely on other dental clinics. As for the other fixtures, standardized periapical radiographs revealed a marginal bone resorption ranging from 0.46 to 1.32 mm 1 year after prosthetic loading and from 0.62 to 1.81 mm (mean of 1.2 ± 0.61 mm) at a 16-year follow-up. Correspondingly, four-point peri-implant examination revealed the following probing measures:




	
a mean mesial probing 3.4 ± 0.2 mm;



	
a mean buccal probing of 2.6 ± 0.1 mm;



	
a mean distal probing of 3.2 ± 0.1 mm;



	
a mean palatal probing of 2.3 ± 0.2 mm.








The one-way ANOVA and Tukey’s post hoc tests did not show any significant difference between both the buccal and palatal aspects (p > 0.05) and between the mesial and distal sides (p > 0.05) of the implants.



Conversely, statistically significant differences emerged between buccal vs. mesial (p < 0.05), buccal vs. distal (p < 0.05), palatal vs. mesial (p < 0.05), and palatal vs. distal aspects (p < 0.05) of the implants (Table 1).



As regards the peri-implant tissue conditions (Table 2), at the 16-year follow-up, 95 restorations showed a GI = 0 (95%).



Ninety-four prostheses revealed a PI = 0, whereas the other 6 restorations showed a PI = 1. BOP was negative for 97 implants.



Furthermore, a PIS = 1 score was found in 5 crowns, PIS = 2 score in 6 crowns, and PIS = 3 score in 86 crowns.



After 16 years of clinical function, descriptive analysis resulted in 80% and 87.1% cumulative success rates for patients provided with AGC prostheses onto titanium abutments and all-ceramic crowns onto zirconia abutments, respectively, as reported in the Kaplan–Meier graph considering complications as events (Figure 9). No statistically significant difference was found with the log-rank test (p > 0.05).



The cumulative survival rate calculated for AGC group was 93.3%, whereas the all-ceramic group showed a cumulative survival rate of 95.7% (Figure 10). No statistically significant difference was found with the log-rank test (p > 0.05). The overall success and survival rates calculated for all the restorations were 85% and 95%, respectively.



During the entire period of observation, in the AGC group the following complications were reported: 1 aesthetic failure after 8 years of clinical function (3.33%), at the 11-year recall 1 loss of retention (3.33%), 2 mucositis after 12 years and 1 mucositis at the 15-year follow-up (10%). At the 16-year recall, 1 case of severe peri-implantitis was observed in the AGC group, causing loss of the implant (3.33%).



On the other hand, in the all-ceramic crowns group, 1 chipping of the veneering ceramic was observed after 6 years of function (1.42%), at the 8-year recall 1 decementation was reported (1.42%), 3 cases of mucositis were observed at the 8-year, 10-year, and 14-year recalls (4.28%), and 1 irreversible core fracture was observed after 9 years of clinical function (1.42%). Two cases of mild peri-implantitis were observed 10 years after the prosthetic load, showing grade-2 implant mobility and impairing function (2.86%). After 14 years of clinical function, 1 abutment unscrewing was detected (1.42%).




4. Discussion


The treatment of maxillary lateral incisor agenesis requires a multidisciplinary approach.



Previous orthodontic therapy is frequently a mandatory requirement to achieve a correct surgical space to place the implant. The implant–prosthetic treatment often offers the best cost/benefit ratio and is considered a biological conservative approach for maxillary lateral incisor agenesis. Several authors suggested placing the implant into the bone at the end of the cranium-facial growth, at about 21 for males and 17 for females [26,27].



After the surgical placement of the implant and the recovery screw, a period of healing of about 4–6 months is needed to obtain the osseointegration [23]. It is well-known that a good aesthetic result cannot be achieved without respecting the peri-implant soft tissues and the papillae.



In the present prospective study, both AGC on titanium abutment and all-ceramic crowns onto zirconia abutment have shown good marginal bone level stability and peri-implant soft tissues response in the long-term, since 86% of the restorations showed satisfactory morphology of the papillae after 16 years of function.



The presence of either titanium or zirconia abutment seems not to influence peri-implant soft tissue stability, confirming the data previously published by other authors [28]. It can be assumed that other factors, such as proper 3D implant positioning, a conservative design of the surgical flaps, and the correct application of temporary acrylic resin restorations, may have played an important role in obtaining this result.



Similar investigations highlighted the stability of the marginal bone level and soft tissues around the dental implants in the medium-term [29,30].



In the present prospective study, healthy and stable peri-implant soft tissues were evidenced in the long-term, probably thanks to the appropriate design of the final restorations and the maintenance of good oral hygiene. All the periodontal parameters considered to evaluate the peri-implant soft tissues conditions confirmed these data.



Several studies recognize smoking, together with a history of periodontitis, as a great risk factor to develop peri-implantitis [31,32]. The long-term health of peri-implant tissues evidenced in the present investigation may also be explained with the high percentage of non-smoker patients (79.2%) included in the study.



In the present study, after 16 years of prosthetic loading, high global survival (95%) and success rates (85%) were found, and no statistically significant differences in functional or aesthetic outcomes emerged between AGC crowns and all-ceramic crowns (p > 0.05).



High cumulative success (87.1%) and survival (95.7%) rates emerged in the all-ceramic crowns group.



The few minor complications were abutment unscrewing (1.42%), chipping of the veneering ceramic (1.42%), 1 decementation (1.42%), and mucositis (4.28%). In none of these cases was an invasive surgical treatment or replacement of the prosthetic restoration necessary.



After 10 years of serviceability, a patient with bilateral agenesis returned to the clinic, complaining about sensitivity and mobility of his implants. After peri-implantitis was clinically and radiographically assessed by the clinician, a guided bone regeneration (GBR) procedure was required to restore function and maintain the implant–prosthetic restorations. A high number of cigarettes (15–20 per day) and low daily standards of hygiene of the patient may explain this case.



Another patient wearing a zirconia crown required a new restoration after 9 years of function, due to a catastrophic core fracture which occurred while he was eating.



Similarly, in the AGC group, satisfactory cumulative success (80%) and survival (93.3%) rates were reported in the present investigation.



The minor complications reported were mucositis (10%) and loss of retention (3.33%). Few major complications were detected: 1 aesthetic failure after 8 years requiring a new restoration (3.33%) and 1 implant loss due to severe peri-implantitis (3.33%) after 16 years of serviceability.



The data collected in the present study have confirmed evidence pointed out by precedent investigations [14,27,33,34], conscious that a larger sample and randomization of the patients should be advisable for future studies. Aware of the limits of the present prospective study, very good stability and satisfactory long-term aesthetic and functional results for implant–prosthetic systems used to restore maxillary lateral incisors agenesis emerged.




5. Conclusions


The present 16-year prospective clinical study has pointed out satisfactory long-term results of Narrow-Neck ITI implants restored with both Auro-Galvan on titanium abutment and all-ceramic (alumina and zirconia) crowns on zirconia abutment. The implant–prosthetic treatment of monolateral or bilateral maxillary lateral incisor agenesis has proved to be a reliable and predictable option from both an aesthetic and functional point of view, showing stability of marginal bone and good conditions of peri-implant tissue in the long term.
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Figure 1. Monolateral agenesis of maxillary right lateral incisor. 
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Figure 2. Detail of the titanium abutment after peri-implant soft tissues conditioning. 
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Figure 3. Cement-retained Auro-Galvan Crown (AGC). 
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Figure 4. Post-operative view 3 weeks after the cementation of the implant-supported AGC onto the titanium abutment in position 12. 
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Figure 5. Bilateral agenesis of the maxillary lateral incisors. 
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Figure 6. Detail of the zirconia abutment after peri-implant soft tissues conditioning in position 12. 






Figure 6. Detail of the zirconia abutment after peri-implant soft tissues conditioning in position 12.



[image: Applsci 13 00964 g006]







[image: Applsci 13 00964 g007 550] 





Figure 7. Details of the zirconia abutments and crowns. 
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Figure 8. Post-operative front view 3 weeks after the cementation of the implant-supported zirconia single crowns onto the zirconia abutments in position 12 and 22. 
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Figure 9. Kaplan–Meier graph showing cumulative success rates in relation to time. Two different curves were reported for patients wearing AGC and all-ceramic crowns, respectively. 
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Figure 10. Kaplan–Meier graph showing cumulative survival rates in relation to time. Two different curves as reported for patients wearing AGC and all-ceramic crowns, respectively. 
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Table 1. Results of the one-way analysis of variance (ANOVA) and Tukey’s post hoc test for the interproximal marginal bone resorption and the four-point peri-implant probing at 16-year follow-up.
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	Time
	Aspect
	Mean Difference (mm)
	p-Value





	16-year follow up
	B vs. P

B vs. M

B vs. D

P vs. M

P vs. D

M vs. D
	0.31

1.2

1.08

1.07

1.08

0.38
	>0.05

<0.05

<0.05

<0.05

<0.05

>0.05
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Table 2. Gingival Index (GI) score, Plaque Index (PI) score, and Papilla Index Score (PIS) at 16-year follow-up.
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	Periodontal

Parameters
	16-Year Follow-Up

n = 100





	GI 0
	95



	GI 1
	2



	GI 2
	3



	GI 3
	0



	PI 0
	94



	PI 1
	6



	PI 2
	0



	PI 3
	0



	PIS 0
	3



	PIS 1
	5



	PIS 2
	6



	PIS 3
	86



	PIS 4
	0
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