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Abstract

:

Sinus floor elevation is a surgical procedure that allows for the insertion of the implant in the posterior region of the maxilla in case of insufficient volume of native bone. Several studies have reported a high success rate, and this has helped to spread this surgical procedure around the world. The subject has been extensively studied and this could lead researchers to think that no new scientific evidence can be provided. However, new ideas and discoveries show that research never reaches a conclusion, and that new information can be added all the time. This collection aimed to provide new evidence that could be added to daily clinical work and to provide new ideas for future research.
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1. Introduction


The posterior segment of the maxilla often present insufficient bone volume for implant installation. Sinus floor elevation, applying a lateral access, is considered a reliable surgical procedure to increase bone volume in that region [1,2,3]. However, before performing such treatment it is very important to accurately assess the anatomical conditions of the sinus on a cone beam computed tomography (CBCT) [4,5] to avoid technical problems and complications during surgery, and short and long term post-operative problems [6]. The anatomical conditions might complicate the surgical approach, such as the presence of septa [7,8,9], or of an acute palatal-nasal recess [4,10]. The presence of cysts within the sinus cavity will force the clinician to evaluate the possible solutions [11,12], while the position of the superior posterior alveolar artery might interfere with the surgical procedures [13].



During surgery, the most frequent complications are bleeding and sinus mucosa perforations [6]. Small perforations may not need any action [14], while larger perforations might be closed with sutures [15,16,17] or fibrin glue [15,16,18], or protected with a collagen membrane [19,20,21,22,23,24].



The most common complication after surgery is the bleeding within the elevated space and the edema involving the sinus mucosa. These events result in a transient thickening of the sinus mucosa [19,20,25,26,27,28,29,30] that might extend towards the ostium, decreasing its diameter, and compromising the patency [31]. Other complications might be wound dehiscence [32], extrusion of biomaterial inside the antral cavity [33,34], and sinusitis [32,33,34,35].



Despite the large amount of literature on sinus floor elevation, further evidence may be useful for increasing the knowledge in the field. All experimental and clinical papers included in this collection have addressed various aspects related to sinus floor elevation. The contribution of several experienced clinicians and researchers has enabled this collection of articles to be generated.




2. A Synopsis of the Special-Editions Papers


The present collection was made possible thanks to the collaboration between ARDEC Academy, Rimini (Italy), and highly reputable Universities and Clinical institutes located in Austria, Brazil, Colombia, Israel, Italy, Japan, Spain, Russia, and USA. This collection on clinical and histological healing after sinus floor elevation contains 10 articles, of which 5 were experimental studies in rabbits and 5 addressed clinical issues.



2.1. Experimental Studies


In the first experimental study included in the present collection, the healing in the maxillary sinus after the placement of deproteinized bovine bone matrix was evaluated [36]. Granules of different size were used, 0.125 mm or 1–2 mm and three periods of healing were analyzed, i.e., 2, 4, and 8 weeks, six rabbits for each period. Bone apposition within and onto the biomaterial was evaluated histologically in various zones of the sinuses. It was reported that in the first stages of healing, the granules were covered by dense and loose connective tissues. The dense tissue was substituted over time with new bone while the loose tissue took on similar characteristics to marrow spaces. No differences were found in bone formation and osteoconductivity between the two groups in any period and regions evaluated.



In the second experiment, granules or paste composed of beta-tricalcium phosphate and hydroxyapatite were used to fill the elevated subantral spaces [37]. The healing was evaluated in various regions of the elevated region after 2 and 10 weeks, ten rabbits per period. Higher percentages of new bone were found at the sites grafted with granules than those with paste. However, the gel contained in the paste was not resorbed completely after 10 weeks. It was concluded that bone formation was faster at the granules compared to the paste sites. However, longer periods should be evaluated to allow a more complete resorption of the gel fraction of the paste that might allow further bone apposition.



In both studies all biopsies were analyzed in microCT. Only volumetric data were reported due to the difficulty in determining the grayscale (threshold) that accurately differentiated new bone from the remaining graft, as already reported by other study from the same group of research [38,39].



The third experiment was conducted to provide further evidence to the conflicting results reported on the influence of a collagen membrane placed to protect the access window after sinus floor elevation [40]. After the elevation of the sinus mucosa, a collagenated cortico-cancellous porcine bone was grafted into the elevated space bilaterally. The collagen membrane was placed to protect only one of the two osteotomies. Three periods of healing were analyzed, i.e., 2, 4, and 8 weeks, using eight rabbits per period. No differences were found between groups so that it was concluded that the placement of a collagen membrane on the access window did not influence the amount of new bone after sinus grafting. This corroborated the results from other studies performed by the same research group [41,42].



The fourth study [43] was designed to offer one more evaluation of the thinning and perforations of the sinus mucosa in contact with biomaterial granules observed in previous studies from the same group [44,45]. In the present study, two periods of healing were evaluated, 2 and 10 weeks, ten rabbits for each period. Two different types of deproteinized bovine bone in granules, one processed at low temperature (low-T group), and the other at high temperature (high-T group), were used. Both biomaterials presented hundreds of thinned mucosa sites in contact to the graft granules, number that increased between 2 and 10 weeks. Perforations of the sinus mucosa, with extrusion of the biomaterial into the sinus, was found already after 2 weeks, reaching the number of 19 in the low-T group, and 14 in the high-T group after 10 weeks. No statistically significant differences were found between groups, even though a trend of higher number of thinning mucosa and perforation was found at the low-T compared to the high-T group.



The fifth experiment was performed to evaluate the effect on osseointegration of the treatment of the implant surface with argon plasma but also to assess a possible rate of perforation of the sinus mucosa [46]. The assumptions were based the former on a study of dogs that showed better osseointegration at implants that received the argon plasma treatment [47]. The latter was based on two studies, one on osteoconductivity in sinuses elevated with deproteinized bovine bone matrix in rabbit sinuses [48], and another that showed thinning and perforations of the sinus mucosa in contact with threads and apex of the implants [45]. In the present experiment [46], 16 rabbits were included in the experiment. The sinus mucosa was elevated bilaterally after the preparation of an access window and implants were installed immediately without grafting the subantral spaces. After 8 weeks of healing, no statistically significant differences were found between plasma and control sites in bone apposition, as well as in thinned sties and perforation. A high number of perforations were observed, 12 at the apexes and 15 at the threads in the plasma group, and 12 at the apexes and 18 at the threads in the control group. Moreover, in both groups, more than 50 sites presented a thinned mucosa <40 µm (mean thickness of 14–15 µm) while the pristine sinus mucosa was about 80 µm.



It has to be considered that, when the data from animal studies are inferred to humans, some considerations have to be kept in mind, such as the smaller dimensions of the sinus and of the sinus mucosa in rabbits [49,50], and the faster healing rate in animals compared humans [51].




2.2. Clinical Studies


The first clinical article included in the present collection was a retrospective study on the anatomical parameters that might influence the thickening of the sinus mucosa and the dimension of the subantral space after sinus floor elevation [52]. For the evaluation, the axis (x-axis) drawn at the base of the nose was used as reference, as suggested in various studies published by the same research group [4,19,20,29,30,31]. The base of the nose corresponds to about the level of the palatal-nasal recess that is an important reference for the surgeon. In the region delimited by the x-axis, the sinus floor and the lateral and medial sinus walls, the implants are to be installed. The distance between the x-axis and the sinus floor (X-F) and the residual bone crest are two important factors that influence the amount of sinus elevation necessary for implant installation. A weak significant positive correlation was observed between height gain vs. sinus height of interest (XF), vs. the distance between the base of the access window and the sinus floor, and vs. the sinus floor angle. The post-surgical edema was influenced by the initial mucosa thickness and the xenograft used.



The second clinical study evaluated the effect on implant osseointegration on a collagen membrane subjacent the sinus mucosa [53]. Twenty patients participated in this randomized clinical trial. Ten patients received a collagen membrane and ten did not. After 6 months from sinus lifting, a mini-implant was placed transcrestally and retrieved after 3 months. It was concluded that the use of a collagen membrane subjacent the sinus mucosa did not affect osteointegration confirming what it was observed in experimental studies in sheep [54,55] and in rabbits [49].



The problem of the removal of antral pseudocysts was addressed by the third clinical study [56]. In total, 86 pseudocysts were removed from 52 sinuses of 46 patients. The diagnosis was confirmed histologically for all lesions. After 4 months of healing, the sinus floor elevation was performed. Cone beam computed tomographies (CBCT) were taken at various periods of healing. It was suggested to apply a two-stage approach to allow the evaluation of the healing of the lesion and the histological assessment.



The presence of septa might complicate the sinus lifting procedure and increase the rate of perforations. In the fourth paper [57], the thickening of the mucosa and the involvement of the ostium after sinus lifting were analyzed in 15 sinuses with septa (test) and 15 without (control). CBCTs taken before the surgery and after 1 week and 9 months were taken. Four perforations occurred at the septa sinuses while none were observed at the control group. After 1 week of healing, the thickness of the sinus mucosa increased more at the control (7.1 mm) than at the test (5.7 mm) sites. The ostium was more involved in the control compared to the test group. Five ostia in the control and three in the test groups appeared to be obstructed. However, after 9 months from surgery, sinus mucosa and ostium regressed to normality.



The last clinical paper is a systematic review dealing with the alteration of voice and speech after sinus floor elevation (SFE) or maxillary functional endoscopy surgery (FESS) [58]. It was concluded that the voice parameters are scarcely evaluated SFE. However, after FESS, the voice presented transitory changes.





3. Conclusions and Future Insights


The present collection of articles added new information and confirmed previous data from different models on sinus floor elevation. It has been also shown that several aspects have still to be clarified, especially about the use of collagen membranes, as well as of graft material in relation to bone formation, osseointegration, volume reduction and damage to the sinus mucosa. Other aspects should be clarified about the surgical treatment of the pseudocysts often occasionally discovered. An accurate evaluation of the CBCT images prior the surgery and after various periods of healing is of fundamental importance.
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