

  prosthesis-05-00043




prosthesis-05-00043







Prosthesis 2023, 5(3), 610-621; doi:10.3390/prosthesis5030043




Article



Clinical, Radiological, and Aesthetic Outcomes after Placement of a Bioactive-Surfaced Implant with Immediate or Delayed Loading in the Anterior Maxilla: 1-Year Retrospective Follow-Up Study



Roberta Iacono 1, Yaniv Mayer 2,*[image: Orcid], Gaetano Marenzi 3, Balan Vitor Ferreira 4[image: Orcid], Godoy Eduardo Pires 5, Marco Migliorati 6[image: Orcid] and Francesco Bagnasco 6





1



Department of Oral and Maxillo-Facial Sciences, “Sapienza” University of Rome, Via Caserta 6, 00161 Rome, Italy






2



Department of Periodontology, School of Post Graduate Dentistry, Rambam Health Care Campus, Haifa P.O. Box 9602, Israel






3



Department of Neuroscience, Reproductive Sciences and Dentistry, University of Naples Federico II, 80131 Naples, Italy






4



Department of Oral and Maxillofacial Surgery and Periodontology, Faculty of Dentistry of Ribeirão Preto, University of São Paulo, São Paulo 14040-904, Brazil






5



Department of Oral Biology, Faculty of Dentistry of Ribeirão Preto, University of São Paulo, São Paulo 14040-904, Brazil






6



Department of Surgical Sciences (DISC), University of Genoa, Largo Benzi 10, 16132 Genova, Italy









*



Correspondence: y_mayer@rambam.health.gov.il; Tel.: +972-54-656-5905







Academic Editors: Andrea Scribante, Maurizio Pascadopoli and Simone Gallo



Received: 3 June 2023 / Revised: 4 July 2023 / Accepted: 5 July 2023 / Published: 7 July 2023



Abstract

:

Background: Dental implants have become the standard for replacing missing teeth. However, patients’ demands for shorter treatment times and the desire for aesthetics in their results can complicate the rehabilitation process, particularly when poor-quality bone is involved. In order to address these challenges, new methods of treating implant surfaces have been introduced. These methods aim to make the implants superhydrophilic and bioactive, enhancing their functionality and interactions with the surrounding tissues. Aim: The aim of the study was to retrospectively examine the efficacy of a superhydrophilic and bioactive implant for treatment of the edentulous maxillary anterior area. The study also aimed to evaluate whether this improved implant surface, by enhancing the osseointegration processes, could serve as a factor in speeding up the loading protocols. Materials and Methods: For this retrospective study, a total of 13 implants were included: 6 delayed restored implants and 7 immediately loaded implants placed in the anterior maxillary area. Clinical, radiographic, and esthetic outcomes were assessed. Baseline measurements of the insertion torque value (ITV) and stability implant quotient (ISQ) were recorded for all implants. In the early-loaded group, these measurements were also taken 30 days (t30) and 45 days (t45) after the placement of the implant to monitor their changes over time. Marginal bone loss (MBL) was calculated according to the changes in marginal bone level on intraoral X-rays taken at two different time points: at baseline and one year after loading. To evaluate the esthetic results, the pink esthetic score (PES) and the white esthetic score (WES) were assessed. For this evaluation, intraoral photographs were taken one year after implant loading. Results: A total of 7 implants were immediately restored, with a mean ITV of 32.29 ± 9.01 Ncm and a mean ISQ of 72.71 ± 2.81. These implants were placed in a bone environment with a mean density of 410.00 ± 194.42 HU. On the other hand, 6 implants with delayed loading had a mean ITV of 28.50 ± 3.27 Ncm, an ISQ of 67.92 ± 8.43, and a mean bone density of 607.50 ± 140.83 HU. The mean PES and WES after 1 year were, respectively, 8.71 ± 1.89 and 8.57 ± 0.79 for immediate and 8.33 ± 1.36 and 9.17 ± 1.33 for delayed-loaded implants. At 12 months after loading, the immediately loaded group had a MBL of 0.29 ± 0.29 mm, while the delayed-loaded group had a MBL of 0.33 ± 0.25. No statistically significant differences between the two treatment groups were found for any of the evaluated outcomes. Conclusions: Despite the limitations of this study, the obtained results may support the use of a superhydrophilic and bioactive implant surface for implant-prosthetic rehabilitation in critical loading protocols with satisfactory esthetic results.
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1. Introduction


The loss of a tooth triggers a series of physiological reactions. Initially, the extraction wound undergoes a healing process, followed by remodeling of the periodontal structures that rely on the functional presence of the tooth [1,2]. As observed by Chappius and colleagues, the remodeling of hard and soft tissues following the extraction of a tooth in the anterior maxilla has a significant impact on the aesthetic result of implant-prosthetic rehabilitation [3].



Furthermore, a tooth can be missing for congenital reasons, and there may be a dental abnormality, such as an agenesis. Bilateral or unilateral agenesis of the maxillary lateral incisors has a high prevalence rate [4]. The agenesis of an anterior tooth presents a significant risk of compromising the smile, particularly in adolescents. These cases often require extensive and multidisciplinary treatment approaches that can be long and exhausting.



Patients who have lost an anterior tooth or have agenesis in the second sextant often seek more than just functional restoration. They generally desire rehabilitation treatments that not only restore function, but also offer aesthetically pleasing results. In addition, these patients often prefer anticipated loading protocols, which expedite the process and enable faster restoration of their smile and oral function.



Over the years, irrespective of the cause of tooth loss, implantology has become a significantly reliable solution for replacing natural teeth. This reliability has been achieved through extensive research efforts, which have resulted in the development of sophisticated and perfected instruments, software, surgical techniques, and loading protocols. These advancements have contributed to the success and effectiveness of dental implant procedures, offering patients improved outcomes and greater satisfaction [5,6,7,8].



When a clinician plans to place an anterior implant, it is crucial to consider not only the primary objective of osseointegration, but also factors such as the patient’s desire for early prosthetic loading and optimal esthetic outcomes. These rehabilitations have a profound impact on the patient’s quality of life. It is, therefore, important to use all the techniques and materials available to help to achieve the best possible result in terms of function, aesthetics, and patient satisfaction.



The concept of osseointegration was introduced by Branemark in the 1980s to define the direct structural and functional connection that occurs between the bone and the fixture without the interposition of a connective tissue layer between the two surfaces [9,10].



Osseointegration involves the apposition of new bone around the implant’s surface. It is a complex and delicate process that is influenced by various factors, primarily by the quality and quantity of bone present at the fixture recipient bed. Indeed, the characteristics of the implant fixture surface, including its topography, chemical composition, surface energy, and wettability, have been extensively studied for their ability to modulate and enhance the osseointegration process. These surface characteristics play a crucial role in promoting the interaction between the implant and the surrounding bone tissue. Surface topography, such as roughness and micro- and nano-scale features, can influence cellular responses and promote better bone integration. The chemical composition and surface energy of the implant surface also affect the bioactivity and biocompatibility of the implant, influencing cellular adhesion and tissue integration. Furthermore, wettability and surface energy have an impact on the initial stability and osseointegration of the implant. It is, therefore, important to optimize these surface characteristics in order to promote successful osseointegration and improve the long-term outcomes of implant treatments [11,12,13,14].



Over time, in fact, numerous surface treatments have been introduced for dental implants, such as sandblasting and acid etching [15,16].



Modifications to implant surfaces involve creating roughened textures with the intention of increasing bone-to-implant contact. These modifications are designed to enhance the osteophilic (bone-loving) properties and hydrophilicity (water affinity) properties of the surfaces. Studies have shown that these surface modifications have a positive impact on the osseointegration rate compared to smooth surfaces.



The increased surface roughness provides a larger attachment surface for bone cells and promotes better integration between the implant and surrounding bone tissue. The improved osteophilic and hydrophilic properties of modified surfaces further facilitate the biological response and the osseointegration process. Consequently, surface modifications have shown promising results in enhancing the success and speed of osseointegration compared to implants with smooth surfaces [15,17]. The topography and chemical characteristics of implant surfaces strongly influence their wettability. Based on the contact angle, a distinction can be made between hydrophobic surfaces with a CA between 90 and 150 degrees, hydrophilic surfaces with a CA < 90 degrees, or superhydrophilic surfaces with a CA of 0 degrees [18].



Hydrophilic and superhydrophilic surfaces have better interactions with biological fluids, leading to enhanced protein adsorption. These surfaces also promote the initial attachment, proliferation, and differentiation of osteoblast-like cells. Research, such as the work by Hotchiss, has demonstrated that these surfaces can modify macrophage activation.



The hydrophilic nature of these surfaces allows them to attract and absorb water molecules, which facilitates the adsorption of proteins from the surrounding biological fluids onto the implant surface. This protein layer acts as a bridge between the implant and the surrounding cells, promoting cellular attachment and subsequent cell functions.



Additionally, hydrophilic and superhydrophilic surfaces have been shown to positively influence the behavior of osteoblast-like cells. These surfaces provide a favorable environment for cell attachment, proliferation, and differentiation, ultimately contributing to improved osseointegration.



Furthermore, studies have indicated that the characteristics of superhydrophilic surfaces can alter macrophage activation. Macrophages play a crucial role in the immune response and healing process. Modulating their activation through surface properties can influence the tissue response and the subsequent integration of the implant. [19,20,21,22,23].



This study was conducted in order to analyze the biological response of tissues following implant prosthetic rehabilitation in the anterior maxilla with immediate or delayed loading using an implant with a superhydrophilic surface activated by salts and dry technology. We also intended to study whether this type of surface, with encouraging results both in vitro and in animals, may be the key to improving and catalyzing the osseointegration process, and, consequently, accelerating loading protocols while guaranteeing biologically and aesthetically acceptable results.



The aim of this study was to analyze the clinical and radiographical response of hard and soft tissues after implant-prosthetic rehabilitation in the anterior maxilla using immediate or delayed loading protocols. The study focused on the use of implants with superhydrophilic surfaces activated by salts and dry technology. The goal was to achieve biologically and aesthetically acceptable outcomes while accelerating loading protocols for implant treatment in the anterior maxilla.




2. Materials and Methods


2.1. Study Design


This is a retrospective analysis of a series of cases treated with superhydrophilic bioactive implants inserted into the anterior maxilla according to two different loading protocols: immediate loading (Group A) and delayed loading (Group B).



Eleven systemically healthy patients (ASA 1 or ASA 2) were consecutively enrolled in a private dental clinic in Rome, where an expert surgeon (LC) performed all of the surgeries. A total of 13 consecutive implants were placed between December 2021 and March 2022, and were considered afterward for statistical analysis.




2.2. Participants


In this retrospective analysis, cases of implant-prosthetic rehabilitation in patients presenting at least one edentulous area in the maxillary anterior area were considered to be suitable for inclusion. Specifically, periodontally and systemically healthy adults (age > 18 years) and non-smokers were included. The exclusion criteria consisted of patients under the age of 18, smokers, patients with untreated periodontitis, patients with a history of implant failure at the surgical site, and individuals receiving bisphosphonate treatment or suffering from systemic diseases likely to interfere with the implant rehabilitation process. These exclusion criteria were implemented to ensure a more homogeneous study population and to minimize confounding factors that could affect the outcomes of the study.




2.3. Preoperative Procedure


Photographs and periapical X-rays were taken and cone beam computed tomography (CBCT) and intraoral scanning were used during screening visits. Dedicated software (RealGUIDE 5.0 software, 3Diemme, Cantù, Italy) was used to digitally plan the implant’s placement and to provide information about the bone environment at the surgical site. The virtual implant plan was sent to the dental lab for the creation of a resin 3D-printed surgical template, which was used to perform all surgical procedures.



To ensure optimal oral health and minimize the risk of complications, each patient underwent professional tooth cleaning prior to the surgery. In addition, they received home oral hygiene instructions to maintain proper oral hygiene until the day of the surgery. The goal was to achieve a full mouth bleeding score and full mouth plaque score of less than 20% to ensure a healthy oral environment for the surgical procedure.




2.4. Surgical Procedure


The same surgical procedure was applied to all patients. After the administration of local anesthesia (articaine 4% with adrenaline 1:100.000), a flap was raised with a minimally invasive approach. The surgical guide was inserted immediately after the exposure of the alveolar ridge, and the preparation of the implant site was carried out with the hybrid funnel technique described previously [24], using a specific sequence of drills and osteotomes (Figure 1b,c and Figure 2b,c).



The surgical guide was then removed, and the super-hydrophilic bioactive implant (Multineo NH CS, Alpha Bio Tec, Petah Tikva, Israel) was inserted into the surgical site. The insertion torque value (ITV) and primary stability (implant stability quotient—ISQ) were recorded at the time of the implant’s placement. Intraoral digital radiography was performed using the parallel long-cone technique with Rinn X-ray holders to check whether the implant placement was correct (Figure 1e,g and Figure 2e,g).



The subsequent prosthetic procedures differed between the two treatment groups.




2.5. Prosthetic Procedure of Immediate Loading Group (Group A)


In the immediate loading group, on the day of implant surgery, after measuring primary stability, patients underwent an immediate restoration without occlusal loading using the one abutment at one time (OAOT) protocol [25,26] and a PMMA crown (Figure 1f).



At 90 days, the implant was functionally loaded with a zirconia crown. The definitive restoration was cemented with interim cement (Temp-Bond; Kerr Corp, Orange, CA, 92867 USA) (Figure 1i). An intraoral periapical X-ray was taken using the parallel long-cone technique.




2.6. Prosthetic Procedure of Delayed Loading Group (Group B)


In the delayed loading group, on the day of implant surgery, after measuring primary stability, the cover screw was inserted and the flap was sutured. A temporary aesthetic restoration (Maryland bridge) was provisionally cemented to the neighboring teeth.



Next, 30 days after the placement of the implant (T30), the Maryland bridge was removed, a small incision was made with a 15c blade, and the implant was exposed. A SmartPeg was screwed to the fixture, and the implant’s stability was checked. A scan body was then placed in order to create a digital impression for the fabrication of the provisional restoration. Finally, the Maryland bridge was cemented once again.



At 45 days (T45), the Maryland bridge was removed, the implant’s stability was assessed using a SmartPeg, and the implant was functionally loaded with a PMMA prosthetic crown cemented with interim cement (Temp-Bond; Kerr Corp).



At 90 days, a zirconia crown was cemented with interim cement (Temp-Bond; Kerr Corp) and an intraoral periapical X-ray was performed (Figure 2i).




2.7. Postoperative Management


Antibiotic therapy was prescribed to all patients. Specifically, they were instructed to begin taking amoxicillin/clavulanic acid (875 mg/125 mg) 12 h prior to the surgery. The antibiotic regimen was to be continued for four days, with doses taken three times a day [27].



In addition to antibiotics, pain management was addressed by prescribing ibuprofen (600 mg) twice a day for a duration of three days.



Patients were instructed to avoid brushing the surgical area or chewing for 2 weeks. Professional mechanical tooth cleaning was scheduled every 3/4 months.




2.8. Clinical and Radiographical Measurements


The ISQ was calculated by resonance frequency analysis (RFA) using an Osstell device (W&H Osstell ISQ module, W&H srl, Austria), after the insertion of a sterile disposable device called a Smart Peg (Osstell AB, Stampgatan 14,41101 Goteborg, Sweden) on the implant head. Two ISQ measurements were taken, one bucco-palatal and one mesio-distal. The mean value of the two measurements was considered for the analysis. The ISQ value was collected at the time of implant insertion (T0) in the immediate loading group, and at T0, T30, and T45 in the delayed loading group.



The ITV (Ncm) value was recorded at T0 using a surgical micromotor (Implantmed SI-1010; W&H srl, Austria) during the placement of the implant.



Marginal bone loss (MBL) was evaluated using specific software (CS 2200, Carestream, Rochester, NY, USA) and digital periapical radiographs taken both at baseline and 12 months after loading, as well as by measuring changes in the bone level between the two points in time. The MBL was calculated as the mean value of two measurements taken on the mesial and distal sides of each implant.



Bone density was assessed from preoperative CBCT in Hounsfield units (HU) using RealGUIDE 5.0 software (3Diemme, Cantù, Italy) in order to determine the bone environment of the healed site after tooth extraction.



The pink esthetic score (PES) and white esthetic scores (WES) were calculated according to the variables described by Belser et al. [28] to evaluate the aesthetic results of the peri-implant soft tissues and the visible parts of the implant restorations. Scores from 0 to 2 for each of the 5 WES parameters (tooth form, tooth volume/outline, color, surface texture, and translucency) and the 5 PES parameters (mesial papilla, distal papilla, facial mucosal curvature, facial mucosal level, and root convexity/soft tissue color and texture) were assigned by a single operator (PP) observing an intraoral photograph taken with a Nikon D800 with a 105 mm macro lens. (Figure 1i and Figure 2i).




2.9. Statistical Methods


All statistical analyzes were performed using SPSS software, version 25.0. Microsoft Excel (Microsoft Corporation, Washington, DC, USA) was used for data collection. The descriptive variables are presented as means and standard deviations (SDs).



Differences between the immediately restored implant group and the delayed restored implant group were analyzed using the Mann–Whitney U Test. The results were considered significant at a p-value < 0.05.





3. Results


Thirteen single-implant prosthetic rehabilitations in the maxillary anterior area, performed on eleven patients (nine female and two male), were considered for this retrospective study. The demographic factors are summarized in Table 1. Of the 11 patients considered, 5 lost their teeth due to endodontic complications, 2 due to periodontal complications, and 4 due to agenesis of the upper lateral incisors. In total, 7 implants were immediately loaded, and 6 implants were loaded 45 days after the placement of the implant.



Implants with diameters of 3.3 mm, 3.75 mm, or 10 mm in length were placed in a bone site prepared according to a specific osteotomy technique. In group A, the implants were inserted with a mean ITV of 32.29 ± 9.01 Ncm and bone density with a mean value of 410.00 ± 194.42 HU. The ISQ was recorded at t0 with a mean value of 72.71 ± 2.81.



In group B, the mean ITV recorded during implant placement was 28.50 ± 3.27 Ncm, and the mean bone density evaluated using the HU scale was 607.50 ± 140.83. The ISQ was recorded at three different time points—at T0, T30, and T45—and the mean values were 67.92 ± 8.43, 68.42 ± 9.00, and 68.42 ± 6.47, respectively.



No statistically significant differences were found between the baseline ITV and ISQ of the two groups treated with different loading protocols.



Minimal changes in MBL were observed radiographically, with no statistically significant differences between the two treatment groups; a mean MBL of 0.33 ± 0.25 mm in the delayed group and 0.29 ± 0.29 mm in the immediate group were detected.



The PES and WES scores were obtained by adding up the scores given to the five variables of each of the two indices. The mean values of PES and WES for delayed-loading implant rehabilitations were 8.33 ± 1.36 and 9.17 ± 1.33. Despite the absence of statistically significant differences, the immediately loaded implants showed slightly higher PES scores, with a mean value of 8.71 ± 1.89, and lower WES scores, with a mean value of 8.57 ± 0.79 (Table 2).




4. Discussion


Currently, implant-supported rehabilitation represents a predictable treatment protocol in terms of its success rate. However, when it comes to rehabilitating the anterior area, clinicians face additional challenges due to the significant esthetic implications involved. The anterior region is highly visible during smiling and talking, and any esthetic discrepancies can have a profound impact on the patient’s self-confidence and satisfaction with the treatment outcome.



In the present study, two different approaches approaches were used in the esthetic area: immediate loading and early loading. At the end of the one-year follow-up, no significant differences were noted, either in terms of marginal bone level changes or esthetic outcomes.



The literature suggests that immediate nonfunctional loading is considered an ideal protocol for shaping soft tissues in implant-supported rehabilitations, particularly in the anterior area.



According to Weigl et al. this procedure may produce promising results, although a strict patient selection process is required [29]. On the other hand, according to Buser et al., traditional staged approaches, which often involve bone regeneration and soft tissue management, may result in a safer achievement of the esthetic outcomes [30]. This may come from the fact that staged approaches are meant to allow for both soft and hard tissue healing, leaving more room for tissue management in the second stage.



However, the present study confirms that, from a clinical point of view, no differences could be perceived. The results of the present studies are in line with the findings reported by Puisys et al. and the Lithuanian group, indicating that there is no significant esthetic difference between immediate implant insertion with non-functional restoration and staged approaches. These studies suggest that both immediate and staged protocols can provide favorable esthetic outcomes in implant-supported rehabilitation [31].



Implant rehabilitation for the treatment of agenesis of the lateral incisors after an orthodontic space opening was evaluated by the authors as the most suitable choice regarding the profile of the hard and soft tissues. The canines and first premolars were preserved from changes in the coronal morphology. The use of a bioactive surface allowed these patients and for all the others included in the study to experience quick rehabilitation, with the definitive restoration inserted 90 days after implant placement. Furthermore, the choice of narrow implants (3.3 mm in diameter) was made to increase the distance from the residual teeth, thus avoiding ridge augmentation and reabsorption of interdental bone peaks and favoring complete papilla formation.



To better explain the absence of significant differences in terms of MBL, the adopted prosthetic protocol can be suggested. Indeed, one abutment at one time was adopted in both groups. In fact, this prosthetic approach was proven to minimize the microdamages at the supracrestal connective component when compared to traditional work-flow. This might minimize the marginal bone loss and increase the soft tissue response.



The hybrid funnel technique, described by Canullo et al. and used for the preparation of the implant site, was developed with the aim of minimizing the stress on the cortical bone by preparing the crestal area of the same diameter as the neck of the implant, therefore avoiding mismatching [24].



At the same time, in the present study, a bioactive surface was adopted to verify whether a super-hydrophilic surface could be advantageous for accelerating osseointegration and shortening loading times in both clinical scenarios.



In fact, immediate non-functional loading can be a risky procedure, especially in low quality/quantity bone environments.



Over the last two decades, the role of implant surfaces in the osseointegration process has been the subject of ongoing debate and research [16,31,32,33]. The surface energy of an implant correlates with its wettability, or hydrophilicity, which refers to the ability of the surface to interact with liquids and cells. Various methods have been used to increase the surface energy of implants [34].



The activation of implant surfaces by increasing surface energy has shown biological advantages in terms of cell adhesion. This activation leads to qualitative and quantitative improvements in cell adhesion [35]. Qualitatively, there is an increase in the number of adhered cells, while quantitatively, the arrangement of cells is more spread out rather than flat. This stronger cell adhesion promotes better osseointegration and enhances the overall success of the implant [36].



These findings suggest that modifying implant surfaces to increase their surface energy and hydrophilicity can positively influence the biological responses, leading to improved osseointegration and, ultimately, better clinical outcomes for patients [37].



Titanium is known for its excellent bioactivity at the time of production, meaning it has favorable interactions with biological tissues and promotes osseointegration. However, the bioactivity of titanium surfaces tends to decrease over time, especially during storage [38]. This decrease in bioactivity can impact the rate of osseointegration and overall implant success.



The development of bioactive surfaces aims to address this issue by creating surfaces that maintain their bioactivity even during the storage phase. These surfaces are designed to enhance the secondary stability of implants and to accelerate peri-implant bone formation. They promote a more favorable biological response, leading to faster and more robust osseointegration.



Research conducted by Romero-Ruiz et al. [39] has confirmed the enhanced biological response and accelerated peri-implant bone formation associated with these bioactive surfaces. This suggests that the use of these surfaces can be beneficial in promoting successful implant osseointegration and improving overall treatment outcomes.



By using bioactive surfaces that maintain their stability and bioactivity over time, clinicians can enhance the osseointegration process and achieve better long-term results in implant-prosthetic rehabilitation.



Superhydrophilic surfaces may positively influence implant osseointegration, even in post-extraction cases. In fact, according to Clauser et al., there is clear evidence of the association between bone grafting and early implant failure [40]. In the present study, in fact, no failure was registered after the follow-up time.



The main limitation of the present study is its small sample size. In fact, in order to draw clinically relevant conclusions confirming the outcomes of the present study, a larger number of patients is needed, along with the presence of a control group that allows for comparison between two different implant surfaces. Another limitation may be represented by the study design; a prospective controlled trial, even better if randomized, may suggest stronger conclusions compared to a retrospective design.




5. Conclusions


Beyond the limitations of this study and on the basis of the slight MBL which was observed and the PES and WES values which were obtained, this retrospective analysis showed encouraging clinical, radiographical, and esthetic results following the use of a super hydrophilic and bioactive implant surface in the cases of both immediate loading and early loading.
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Figure 1. A case of a patient treated with an immediately loaded implant. (a): The photograph was taken at the time of the first visit. Tooth 22 was extracted due to endodontic complications about 5 months before the implant surgery. (b): A 3D-printed implant surgical guide was used for implant site preparation according to the hybrid funnel technique. (c) A specific osteotome was used to complete the implant site preparation according to the hybrid funnel technique. (d): An implant with a bioactive and super-hydrophilic surface was placed. (e): The implant stability quotient was measured after implant placement. (f): A definitive abutment and a temporary crown were inserted during the implant surgery. (g): A periapical X-ray was taken at baseline. (h): A periapical X-ray was taken at the 1-year follow-up visit. (i): This photograph was taken 12 months after the insertion of definitive restoration, and was used to calculate the white esthetic score and pink esthetic score. (j) Virtual implant planning. 
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Figure 2. A case of a patient treated with an early-loaded implant. (a): A digital photograph of the second sextant was taken at the first visit. Teeth 12 and 22 were extracted 5 months before implant surgery. (b): Implant site preparation using drills and a surgical template—step 1 of the hybrid funnel technique. (c): Implant site preparation using osteotomes—step 2 of the hybrid funnel technique. (d): Insertion of an implant with a super-hydrophilic surface. (e): Measurement of implant stability by screwing the SmartPeg onto the implant fixture. (f): Flaps were sutured over the submerged implants. (g): Baseline periapical radiographs. (h): Intraoral periapical X-ray taken at the 1-year follow-up visit. (i): This clinical photograph was taken 12 months after the insertion of definitive restoration (90 days after implant placement), and was used to calculate the white esthetic score and pink esthetic score. (j): Virtual implant planning. 
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Table 1. Demographic Parameters.
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	Demographic Parameters
	Immediately Loaded Group

n Implant = 7
	Delayed-Loaded Group

n Implant = 6
	p Value





	Age (mean ± SD)
	37 ± 24.86
	58.60 ± 8.68
	p = 0.329 a



	Sex (Female/male)
	5 females (83.33%)/1 male (16.67%)
	4 females (80%)/1 male (20%)
	



	Implant diameter (3.3/3.8 mm)
	3/4
	2/4
	



	Bone density (HU)

(mean ± SD)
	410.00 ± 194.415
	607.50 ± 140.83
	p = 0.051 a







a Mann–Whitney test.
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Table 2. Clinical Measurements.






Table 2. Clinical Measurements.





	Clinical Measurements
	Immediately Loaded Group

n Implant = 7
	Early-Loaded Group

n Implant = 6
	p Value





	ITV Ncm (mean ± SD)
	32.29 ± 9.01
	28.50 ± 3.27
	p = 0.445 a



	ISQ T0 (mean ± SD)
	72.71 ± 2.81
	67.92 ± 8.43
	p = 0.234 a



	MBL mm (mean ± SD)
	0.29 ± 0.29
	0.33 ± 0.25
	p = 0.836 a



	WES (mean ± SD)
	8.57 ± 0.79
	9.17 ± 1.33
	p = 0.366 a



	PES (mean ± SD)
	8.71 ± 1.89
	8.33 ± 1.36
	p = 0.455 a







a Mann–Whitney test.
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