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Abstract

:

Nowadays implant-prosthetic rehabilitations are one of the best solutions for rehabilitating our patients. These allow obtaining rehabilitations with optimal functional and aesthetic performances. Often patients, who undergo implant-prosthetic therapy, have the conditions of edentulias, single or multiple, that have been going on for some time. This, according to the literature, produces resorption of the alveolar bone, a process that is complicated in the posterior area of the upper arch by a pneumatization of the maxillary sinuses. The loss of vertical height, so that the implant fixtures can be inserted, requires a maneuver called maxillary sinus floor elevation. This procedure, now safely performed with piezoelectric instruments, allows increasing bone height through bone grafting. In this study, the tissue obtained from a patient, after 15 years from the intervention, was evaluated by histological and SEM analyses. The bone healing in the patient has led to a perfect integration between the patient’s bone and the fresh frozen allograft used, however still present and detectable after 15 years.
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1. Introduction


Implant-supported rehabilitation of the atrophic posterior maxilla generally finds the maxillary sinus both as a boundary and an opportunity. In fact, bone regeneration in the Highmore antrum presents favorable conditions for an optimal bone-graft integration: a secluded defect surrounded by osteogenic surfaces, isolated from the occlusal forces and from the oral microbiological environment. Since its introduction in the early 1980s [1,2], the surgical approach to access maxillary sinus and its clinical indications have greatly evolved. Nowadays, lateral sinus augmentation can be safely performed with piezoelectric instrumentation [3,4,5], and reliable alternatives (transcrestal approach, short implants) are available in selected cases [6,7,8].



Even if, in sinus floor elevation, autogenous bone is still the better material in terms of osteogenicity, osteoconduction, osteoinduction, and osteointegration, a robust body of evidence showed comparable results using an allograft, alloplastic, xenograft, and blood clot alone in the outcomes of this surgical technique [9,10,11,12,13,14]. However, limited conclusions should be drawn on bone grafting outcomes, when considering implant survival rate as the principal variable. Histomorphometric analysis should be considered as the gold standard measure to test the performance of different biomaterials, taking also in consideration that recent studies showed significant differences in terms of graft integration and substitution according to several variables, such as sinus buccolingual width, residual bone quantity, sinus walls thickness, membrane detachment from sinus walls, and overall graft volume [15,16,17,18,19,20]. The anatomy of the posterior upper jaws, if edentulous, is clinically considered to be a difficult area for the dental implants positioning due to the atrophic ridge surgical management, the deficient bone quality, and sinus pneumatization. In the last decades, with the development implant surface treatment, newly bone graft materials, and less invasive surgical techniques, the sinus lift surgery by crestal or lateral approach has been accepted as a common predictable treatment procedure in dentistry [9,10,11,12,13,14,15,16,17,18,19,20]. Several published papers investigated the sinus lift surgical technique focusing on long-term absorption of the placed autogenous bone graft materials or mixed with other bone substitutes material in order to evaluate the bone graft residual at the time of dental implants placement. Retrospective studies at 60 months revealed how, even the surgical procedure works with the long- term dental implant stability and no signs of inflammation of the final prosthodontics crown restored over the dental implants, the residual of the applied biomaterials could be presented related to the kind of material used. However, today, the autogenous bone graft represents the gold standard for this kind of surgical procedure [18,19,20,21,22].



Moreover, the behavior and the modifications of the regenerated bone still remain unclear. Only a few isolated reports described the histologic characteristics of biopsies retrieved from augmented sinuses with long-term follow-up. Generally, the newly-formed bone surrounding and in contact with the biomaterial, which after 6 months of healing is mainly immature woven bone, with time is replaced by mature lamellar bone bridging the graft particles. Xenografts are the most investigated biomaterials: up to 14 years, inorganic bovine bone showed good osteoconnectivity between the grafting particles and the newly formed bone, without signs of inflammation [21,22,23]. This bone substitute is hardly resorbed by the osteoclasts and is still present with different percentages in all the biopsies taken at different time points in the various studies. Galindo-Moreno and coworkers [24] did not demonstrate significant differences in vital bone and residual graft percentages in biopsies harvested six months, three years, and seven years after maxillary augmentation with inorganic bovine bone. Similarly, Di Stefano and coworkers [25], evaluating three cohorts of patients at different healing intervals (three to five months; six to eight months; nine to twelve months), suggested that implants can be safely inserted during all the aforementioned periods because new bone formation occurs mainly at an early time after grafting procedure.



Nevertheless, to the authors’ knowledge, no histologic evidence exists in the literature regarding the fate of bone allograft when used in maxillary sinus floor elevation after the common healing time after surgery (six to nine months). The present study reported the histomorphometric evaluation of a bone specimen retrieved 15 years after sinus augmentation performed by using a cortico-cancellous block of fresh frozen bone allograft.




2. Materials and Methods


A Caucasian 50 years old healthy woman, non-smoker, underwent maxillary sinus floor elevation with the lateral approach in 2003. The patient was in the Applegate-Kennedy class II situation, presenting upper left partial edentulism distally to the second premolar and 2–4 mm of crestal bone height below the maxillary sinus floor in the planned implant sites. The outpatient procedure was held by one of the authors (CS) under local anesthesia: after raising a full thickness trapezoidal flap, the antrostomy was performed by using a piezoelectric device (Piezosurgery II, Mectron, Carasco, Italy), and the Schneiderian membrane was carefully elevated with manual instruments. After checking the sinus membrane integrity with Valsalva maneuver, a monocortical-cancellous block of fresh frozen allogeneic bone from the iliac crest (FFB) was shaped, positioned in contact with the sinus floor, and stabilized with two screws (Figure 1). A resorbable collagen membrane (BioGide, Geistlich, Wolhusen, Switzerland) was then placed over the antrostomy, and the flap was sutured with primary intention [26]. After nine months of uneventful healing, two implants (4.0 × 13 mm; Astra Tech AB, Mölndal, Sweden) were inserted in first and second molar positions, respectively, and loaded with cemented splinted ceramic crowns after additional five months. After 14 years of function, the two implants failed due to untreatable peri-implantitis and were retrieved by the same surgeon (CS), by using a counter-torque ratchet. After two months of healing, a new implant bed was prepared between the sites of the two removed fixtures by using a 3-mm trephine bur, and a new implant was placed in the biopsy site (5.0 × 7 mm; Zimmer Biomet Dental, Palm Beach Gardens, FL, USA) (Figure 2).



2.1. Specimen Processing and Histologic Analysis


Immediately after retrieval, the bone specimen was gently pushed out from the trephine bur, washed under cold sterile 5% glucose solution to remove blood remnants, and fixed in 10% buffered formalin solution for two days. The bone biopsy was then dehydrated in an ascending series of alcohol rinses and embedded in a methacrylate resin (Technovit 7200 VLC, Kulzer, Wehrheim, Germany) [27]. After 12 days of polymerization, the specimen was sectioned along its longitudinal axis with a high-precision carburundum disk at 50 µM and then ground down to about 30 ± 10 µM under running water with a series of polishing discs. The slides were then mounted and stained with acid fuchsine-toluidine blue and von Kossa staining. The slides were observed with a digital camera (Moticam 5.0, Motic Microscopy, Kowloon, Hong Kong, China) directly applied on a normal transmitted light microscope (Biostar B3, Exacta Optech, San Prospero, Italy) at 100× and 400× global magnification and with oil lens immersion under 400× magnification. Bone histomorphometric analysis was performed using Photoshop CC (Adobe Systems, San Jose, CA, USA) and BoneJ (www.imageJ.org), evaluating the following measures: bone volume/total volume (BV/TV), native bone (NB), newly formed bone (NFB), residual graft (RG), non-mineralized tissue (NMT). Other static measures were performed, such as bone-particle conductivity index (BPCi), defined as BPCi = LC/PG in which LC is the sum of contact lengths between new bone and bone graft particles, and PG is the sum of perimeters of bone graft particles; trabecular thickness (Tb.Th) and trabecular spacing (Tb.Sp), as useful data for morphological and metabolic bone behavior.




2.2. Scanning Electron Microscopy (SEM)


The acid fuchsine-toluidine blue stained slide was chosen for SEM analysis. Briefly, the slide was abraded using 2000 grit diamond and polishing disks to eliminate the residual staining. Thereafter, the slide underwent another ascending series of alcohol rinses, was dried and finally treated with carbon ion coating for SEM imaging with secondary electrons and EDX (Energy Dispersive X-ray) analysis. This method of electronic investigation is used in the dental field for the evaluation of hard and soft tissues, but it is not only a routine in clinical practice but also in dental biosciences [27,28].





3. Results


The histomorphometric analysis highlighted residual graft particles, even if completely surrounded by newly formed bone, thanks to the presence of empty osteocyte lacunae. The native bone of the residual crest, characterized by fewer marrow spaces, was in deep connection with the regenerated bone. No inflammatory cells were found. The global morphology of the specimen reflected a low-quality D4 native bone (Figure 3).



Lamellar bone with primary and secondary osteons could be found together with cemented lines. The normal population of osteocytes and osteoblasts and absence of osteoclasts reflected the physiological behavior of maxillary bone. An interesting finding was a possible pseudo-dendritical activity of some osteocytes found on the boundary between old and new bone (Figure 4).



Histomorphometric analysis showed 40.8% of vital bone, 15.4% of residual graft particles, and 43.8% of marrow spaces. BPCi of the residual graft particles was 47.5%; Tb.Th showed an average of 0.34 mm ± 0.21 with a maximum value of 0.76 mm; Tb.Sp showed an average of 0.2 mm ± 0.2 with a maximum value of 0.44 mm (Figure 5).



From secondary electrons SEM analysis, the mineralized tissues appeared homogeneous without any sign of gap between RG and NFB; only a slight discoloration between the parts could be found, according to the same findings obtained by an optical microscope (Figure 6). EDX analysis showed the same content of Ca++ and P++ and the same ratio between the two elements when analyzing three couples of adjacent portions of RG and NFB (Figure 7).




4. Discussion


Allogeneic fresh frozen bone (FFB) has been widely used for years in orthopedic reconstructive surgery and reported to have different successful applications in the oral and maxillofacial district, including ridge augmentation [29,30,31,32], reconstruction of large post-traumatic or post-oncologic defects [33,34,35], and sinus floor elevation [36,37,38,39,40]. FFB is osteoconductive and weakly osteoinductive, and its main advantages compared to the autogenous bone are its unlimited availability coupled with the lower morbidity for the patient, with no necessity of second surgical site to harvest the graft. Main concerns related to the use of FFB, even if remote, are the possible risks of cross-infection [41,42] and immune response complications [43,44].



The current study reported, for the first time, histomorphometric and SEM analyses performed on a bone specimen harvested 15 years after maxillary sinus augmentation with FFB block. The main interest of these results is represented by the exceptional duration of the follow-up, allowing to evaluate the percentage of vital bone and residual FFB 15 years after the grafting procedure. Conversely, the availability of a single specimen expresses the weakness of the present results; thus careful conclusions should be drawn.



The biopsy analyzed in the current investigation showed 15.4% residual graft particles (RG). This finding is in agreement with a recent study of Deluiz et al. [45], in which biopsies from ridges augmented with FFB blocks were retrieved four (24.3% RG) and six months (18.4% RG) after grafting. These data, even if they should be interpreted with caution, seem to indicate that the greatest part of graft remodeling and resorption takes place in the first period after the surgical procedure, likely as a consequence of the healing process. Then, after a second possible biological boost for the remodeling process given by the second surgical trauma (implant placement), no further modifications in terms of graft resorption seem to occur over time. Moreover, the absence of osteoclasts in our specimen is indicative of a bone site with low turnover. However, no inflammatory cells or infiltrate were detected, suggesting a good integration of FFB, which appeared well integrated with the newly-formed bone (NFB) without discontinuities between the two components under optical and scanning electron microscopy. Only different staining affinity and electron uptake (together with the presence of empty osteocytic lacunae) revealed their origin.



In recent systematic reviews [46,47], autogenous bone (AB), when used as a grafting material in the maxillary sinus, promote the highest percentage of NFB in comparison to the other bone substitutes. However, implants placed into sinuses grafted with AB exhibited a lower survival rate compared to sinuses grafted with other bone substitutes. This finding has been attributed to the AB high resorption rate. Shanbhag and coworkers confirmed that AB presents one of the greatest volumetric contraction among the various bone substitutes, followed by allografts [48]. According to the different formulations of allograft (demineralized freeze-dried bone allograft, mineralized freeze-dried bone allograft or FFB), different behaviors in the maxillary sinus have been reported, probably with higher resorption rate and lower volumetric stability for demineralized allografts, even if associated with an increased osteoinductive potential related to the direct effect of growth factors [49,50]. FFB blocks were associated with satisfactory volumetric bone maintenance, even in more challenging regenerative procedures, such as posterior mandible augmentation [51].



EDX analysis allowed us to estimate the chemical composition of the two bone compartments (NFB and RG). Apparently, even if non-vital, RG particles resulted comparable with NFB in terms of Ca++ and P++ contents. This finding confirmed that the laboratory processing, to whom FFB is subjected for its preparation, do not alter the chemical and morphological structure of its mineral portion, while bone proteins are subjected to morphologic and functional alterations related to heat and freezing cycles [52]. Another aspect to be taken into consideration during the operative and preoperative phase surely is represented by the surgical difficulties and by all the complications that this intervention can represent. We must also remember that the result of an advanced surgical technique depends strictly on biomaterials, as well as on the success of the surgical procedure. Some intraoperative aspects should be evaluated in advance, such as the presence of bony spines or of septa within the maxillary sinus, which can make the sinus membrane detachment procedure more difficult. Alternatively, the presence of anomalies on the membrane itself, such as hypertrophy or the presence of an abnormal vascularization or the presence of an antral artery, makes intervention difficult. In this case, the vessels should be isolated very carefully to prevent intraoperative hemorrhage [53,54,55]. The use of grafting materials in surgical techniques, as we saw in the course of the study, is, therefore, a current topic and widely used in the different fields of oral surgery [56,57,58]. We must also consider the biomaterials that are used in the regeneration phase; for example, depending on the type of graft material, we have different characteristics, such as osteoconductivity, osteoinductivity, and osteogenicity. It is also possible to create mixtures of materials using either autologous bone or growth or hormonal factors, such as PRF or CGF (Platelet Rich Fibrin or Concentrated Growth Factor). This improves tissue response by mixing the capabilities and characteristics of one biomaterial with another [59,60,61]. The possible contamination of the materials or even the post-surgical resorption of the latter can make implant-prosthetic rehabilitation less predictable, exposing the implant fixtures to a risk of peri-implant disease [62], leading to acute and then chronic inflammatory processes that could lead to failure if not treated [63].




5. Conclusions


The histologic observations of the present study demonstrated a perfect integration between newly-formed bone and fresh frozen allograft, whose remnants are still present and detectable (15% of the biopsy volume) fifteen years after the grafting procedure. Further clinical investigations should confirm these data and highlight possible differences in remodeling and degradation rate among various formulations of the same biomaterial (cortico-cancellous block vs. chips), with particular attention to long-term modifications. Previously, different studies in the literature have been examined in depth, and many studies have carried out analyses using enlargement methods (SEM) as in our article. The literature and the results are in agreement with what can be inferred from our histomorphometric analysis. In any case, the maxillary sinus lift method has become a much more predictable and safe technique, thanks to the advent of new biomaterials and to the improvement of surgical techniques. We must remember that the aim of the sinus lift is always to allow a correct occlusal rehabilitation through the supported implants prostheses, and therefore the dental materials used also play an important role in implant survival and tissue stability.
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Figure 1. A monocortical-cancellous block of fresh frozen allogeneic bone from the iliac crest (FFB) was inserted into the sinus cavity after opening a lateral window and carefully detaching the Schneiderian membrane. 
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Figure 2. A new implant was inserted in the bed prepared by 3-mm trephine. 
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Figure 3. Undecalcified section of the bone specimen retrieved from the maxillary sinus. (1) whole sample; (2) detail of NFB inhabited by dendritic-like osteocytes with cell-to-cell contacts (red stars in picture 4); (3) RG with empty osteocyte lacunae, the absence of dendritic-like cells; (4) NFB with osteocytes. Von Kossa staining, resin inclusion, 40× and 400× total magnification. NFB, newly-formed bone; RG, residual graft. 
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Figure 4. Undecalcified section of lamellar bone (details of Figure 3) (1) interface between NFB and RG (below). Note the presence of a primary osteon (arrowheads) and osteocytes (stars); (2) close-up of an osteocyte in the interface between NFB and RG, with pseudo-dendritical activity towards RG; (3) pseudo-dendritical activity has been highlighted by post-processing software. Von Kossa staining, resin inclusion, 40× and 400× total magnification. NFB, newly-formed bone; RG, residual graft. 
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Figure 5. From top to bottom: undecalcified section of the bone specimen, acid fuchsine-toluidine blue staining, 40× magnification; graphic appearance of trabecular thickness index (Tb.Th) obtained with the BoneJ plug-in of ImageJ software, which generates circles inside trabeculae; graphic appearance of trabecular spacing index (Tb.Sp) obtained with the BoneJ plug-in of ImageJ software, which generates circles inside marrow spaces. 
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Figure 6. Secondary electrons SEM image of the interface between NFB (upper-right), RG (lower), and MS (upper-left). SEM, scanning electron microscope; NFB, newly-formed bone; RG, residual graft; MS, marrow spaces. 
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Figure 7. Upper left: detail of secondary electrons SEM image of the bone specimen with the numerical identification of the sites selected for EDX analysis; upper right: histological section stained with acid fuchsine-toluidine blue modified according to histomorphometric results to highlight NFB (Azure) and RG (purple) with correspondence of numerical reference for EDX examination; A1, A2, A3: EDX analysis for NFB; P1, P2, P3: EDX analysis for RG. SEM, scanning electron microscope; EDX, Energy Dispersive X-ray; NFB, newly-formed bone; RG, residual graft. 
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