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Abstract

:

Background: The aim of this study was to retrospectively analyze two different sealing techniques for sinus membrane perforations produced during sinus floor augmentation by a lateral approach. Methods: A total of 172 lateral-approach sinus floor augmentation surgeries were performed on 130 patients. Sixty-one membrane perforations (35%) were reported. Most of the perforations were caused by accidental membrane tearing and 16 (26%) were caused by deliberate incision for mucocele removal. In 31 perforation cases (51%), the Schneiderian membrane was sealed by suturing, while the remaining 30 cases (49%) were sealed using a low-resorption collagen membrane coverage. Results: Out of the 31 cases treated with a suture-sealing techniques, 26 (84%) were successful, presenting graft integration. Failure occurred in the other five (16%) cases. Out of the 30 perforations sealed with low-resorption collagen membranes, 28 (93%) presented successful graft integration, while two (7%) failed. Conclusions: Both surgical techniques yielded therapeutic success.
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1. Introduction


Since implant dentistry was firstly implemented more than 50 years ago by Professor P.I. Branemark and Professor André Schroeder, bone augmentation techniques have increasingly been indicated as creating adequate implant sites [1]. Studies have proven high survival rates for implants inserted in augmented maxillary sinuses, independent of the type of grafting material used for augmentation (autogenous bone graft, bone substitutes or a mixture of autograft and bone substitutes) [2]. However, with the increase in the number of procedures and number of doctors performing them, the incidence of intraoperative accidents and postoperative complications has also increased [3]. Schneiderian membrane perforations have been found to be the most common intraoperative complication noted in the literature [4].



A healthy and unruptured Schneiderian membrane is essential for the successful integration of bone substitute materials placed into the sinus [3]. While exposing the sinus, accidental perforations of the membrane commonly occur due to individual anatomical features, reduced membrane thickness, friability, reduced elasticity, increased adherence to the bone surface and the presence of sinus septa [5,6]. On top of that, membranes can be damaged by iatrogenic causes resulting from incorrect surgical manipulation, uncontrolled pressure on the membrane or the use of inappropriate surgical instruments [7]. Piezoelectric instruments used for antrostomy reduce the risk of perforating the Schneiderian membrane thanks to improved surgical control and the selective cutting of mineralized tissues [8,9]. Pre-surgical analysis of each individual sinus and choice of the correct surgical approach are mandatory, taking into account anatomical and personal parameters of each patient [5,10]. Lack of surgical knowledge may result in complications caused by (for instance) neglect to relate to sinus septa, which are visible on computerized tomography sections [10]. Likewise, lack of experience and reduced tactile sensitivity may increase the risk of accidental perforations. Apart from accidental perforations, there are cases in which deliberate incisions of the Schneiderian membrane are performed to remove foreign bodies or intra-sinusal entities (such as mucocele pseudocysts) that might lower the success potential of the bone-grafting procedure [11].



A successful sinus augmentation procedure requires that the bone substitute material be enclosed between a sealed Schneiderian membrane and the underlying jaw bone. Untreated Schneiderian membrane perforations result in direct communication between the added graft material and the rest of the sinus cavity, with its specific microbial flora. Thus, the compromised sterility leads to infection of the bone graft material in the maxillary sinus [7,12].



The purpose of this retrospective study was to compare two Schneiderian membrane sealing techniques that have been used in 61 lateral-approach sinus augmentation procedures.




2. Material and Methods


2.1. Study Design and Population


The study was designed as a retrospective cohort study based on intraoperative pictures and cone beam computed tomography (CBCT) images that were obtained from a digital database of a private dental clinic (the European Center of Implantology) located in Bucharest, Romania. All surgeries were performed by the same operator. Written informed consent was signed by all patients, both for treatment and for their participation in the clinical trial. The entire study followed the ethical standards of medical research that ensure and promote respect of the subjects and protect the rights and health of patients. Approval from the ethical committee (No. UTM13MAR19-MD03) was obtained by the Institutional Review Board within Titu Maiorescu University. This retrospective study followed the CONSORT guidelines.



The study included two different surgical techniques for Schneiderian membrane repair after accidental perforation or deliberate incision for mucocele removal. The surgical methods for membrane sealing were chosen based on the size and location of the perforation.



Out of this group, only patients with reported perforations of the Schneiderian membrane were included. Additional inclusion and exclusion criteria are listed in Table 1.




2.2. Operative Phase


The surgical phase began with local anesthesia by local infiltration, infraorbital foramen block and posterior superior alveolar nerve block using articaine hydrochloride 1:100,000 (Ubistesin Forte, 3 M ESPE, Minneapolis, MN, USA).



Following elevation of a full thickness flap, access to the sinus cavity was performed, creating an osteotomy window through the lateral wall using an ultrasound bone surgery device (Piezosurgery by Mectron s.p.a, Carasco, Italy—between 2011 and 2014, Piezomed by W&H, Bürmoos, Austria—between 2014 and 2017). Once the bony window was cut, the complete delineation of the fragment from the adjacent bony tissue was checked. The mobility of the bone fragment indicates, at this stage, that the bony window can be detached from the sinus membrane. From this moment on, perforations of the Schneiderian membrane may occur for multiple reasons such as: sharp edges of the bone window, inappropriate pressure applied with the microsaw insert, deliberate incision for mucocele removal or iatrogenic injury.



One of two sealing techniques was used to seal perforated membranes in the present study:



2.2.1. Sealing technique No. I—Collagen Membrane Lining


For large or multiple perforations, a single large pericardium membrane is placed in intimate contact on the elevated sinus membrane covering beyond the margin of the perforated area/s. In this study, collagen membranes with a low resorption rate (CopiOs Pericardium Membrane, Zimmer Biomet, Warsaw, IN, USA) were used to seal the perforated Schneiderian mucosa (Figure 1).




2.2.2. Sealing technique No. II—Suturing Technique


II.a. When sinus membrane perforation occurs at the superior edge of the osteotomy window—before detachment of the bone segment—in some cases the decision is to maintain the bone window attached to the underlying mucosa. In such cases, closure of the perforation was achieved by repositioning the osteotomy window at the upper bone edge and maintaining it in this position with a 6/0 absorbable suture and an 8-mm needle. Using a straight handpiece, holes were made with a 1-mm drill both at the level of the mobile bone segment and at a fixed point superior to the section line. An anatomical tweezer (Devemed GmbH, Tutlingen, Germany) was used to keep the mobile bone fragment in place while penetrating it with the drill. One suture with a double knot secured by two other simple knots was located on the fixed bony plane. The Schneiderian membrane was elevated from the sinus floor together with the attached bone window, with the entire structure acting as a hinge joint (Figure 2).



II.b. When Schneiderian membrane perforations occurred at the upper edge of the osteotomy after bone window detachment, suturing of the membrane directly to the bony edge was performed [13].



Using a straight handpiece, holes were made in the cortical bone of the lateral wall at the top edge of the window level. To seal the perforation, suturing of the membrane directly to the bony edge was performed using a 6/0 absorbable thread with an 8-mm needle (Figure 3).



II.c. The treatment of maxillary sinus mucoceles requires deliberate incisions of the sinus membrane. The position and size of the incision were controlled by the surgeon, both to allow mucocele removal and to further seal off the Schneiderian membrane. The surgical approach to the incised Schneiderian membrane was suturing with an absorbable 6.0 suture with an 8-mm needle (SMI Company, Belgium). Fine-tipped needle holders (Devemed GmbH, Tutlingen, Germany) and anatomical tweezers were used to create three sutures, each with one double knot secured by two other simple knots (Figure 4).



Once suturing was finished, the Schneiderian membrane was coated with a layer of PRF (Platelet Rich Fibrin), and the graft material was placed inside the sinus cavity without exerting much pressure. The grafting material used for all cases was particulate anorganic bovine bone with a 1- to 2-mm diameter (Bio-Oss, Geistlich Pharma, Wolhusen, Switzerland).





2.3. Postoperative Protocol


Postoperative medications included nonsteroidal anti-inflammatory drugs (dexketoprofen 25 mg) if needed, antibiotics (amoxicillin/clavulanic acid) 1 g every 12 h for 7 days and steroidal anti-inflammatory drugs (dexamethasone phosphate 8 mg) for 3 days, starting 1 day prior to surgery. Among the postoperative indications were not to sneeze with the mouth closed, not to blow the nose, and (for patients with additional bone block and bone graft material on the edentulous ridge) not to rinse with chlorhexidine. The first postoperative check was performed 48 h after the intervention, then at 7 days for suture removal and then every 25 days until the next surgical phase.



Both techniques successfully allowed bone graft integration and subsequent implant insertion 5–6 months later, achieving optimal primary stability. Four months after implant insertion, uncovering and implant loading by provisional restoration was performed. Statistical analyses were performed to compare the two sealing techniques.





3. Results


The sample in this study comprised 130 patients divided into 73 females (56%) and 57 males (44%) between 32 and 84 years of age, with a mean age of 52.95 years and a 10.46 standard deviation. All subjects underwent lateral-approach sinus augmentation procedures between 2011 and 2017. The patients presented no radiological and clinical signs of maxillary sinus pathologies of any kind. Patients with systemic pathologies were accepted for surgeries only if they had a good metabolic control. Out of the total of 172 sinus augmentation surgeries by the lateral approach, 61 cases (35%) presented Schneiderian membrane perforation, comprised accidental tearing (74%, corresponding to 45 patients) and intentional incision for mucocele removal (26%, corresponding to 16 patients) (Table 2). Relating the accidental perforations to the total number of 172 sinus augmentation surgeries, the incidence was 26% (corresponding to 45 unintentional perforations).



Two techniques were used to seal the maxillary sinus mucosa, namely, collagen membrane coverage and suturing of the Schneiderian membrane.



In the group of subjects with a perforated or incised Schneiderian membrane, suturing was performed for 31 patients (51%), and collagen membranes were used for 30 patients (49%). Among the patients who underwent suturing of the sinus mucosa, five (16%) had failed sinus grafts; two of these five failures were caused by incorrect design and support of the provisional restoration, which applied unfavorable pressure to the surgical site. Among the surgeries involving Schneiderian membrane suture, 26 cases (84%) were shown to be a success.



For Schneiderian membrane sealing by collagen membrane coverage, successful sinus graft integration was achieved in 28 cases (93%), while two cases (7%) resulted in failed sinus graft consolidation (Table 3). A Fisher’s exact test shows that there was no statistical significance (p = 0.425) regarding the success rate of both techniques.



In only six out of the 61 Schneiderian membrane perforation cases, implants were immediately inserted. The other 55 were planned as two-stage cases: sinus floor augmentation, followed by implant insertion after 5 months. The implants used for these patients varied in brand, length and diameter, and included: Zimmer Biomet (3.75 mm and 4.1 mm in diameter and 13 mm in length), Dentium (3.6 mm and 4.1 mm in diameter, and 14 mm in length); Straumann (3.3 mm and 4.1 mm in diameter and 14 mm in length); and ARDS (3.75 mm and 4.2 mm in diameter and 13 mm in length).



For both techniques, implant survival was first assessed one year after prosthetic restoration. The patients were followed up every 6 months for 1 to 7 years, with a mean follow-up period of 3.5 years.



Patients with successful sinus graft presented good healing after each surgery. Clinically evaluated during the first month after surgery, the soft tissue in the maxillary sinus area had a normal color and texture, and presented good healing with no clinical sings of infection, and no fistula or exposed xenograft granules. During the first 7 days, patients described no immediate pain or minimally tolerable pain post-surgery.



Reentry for implant insertion, after a minimum of 5 months, revealed good healing both of the soft tissue and the grafted site. The surgical site presented normally colored gingiva, no signs of inflammation, no fistula and no bone exposure. The bone underneath the soft tissue had a normal color as well, bled after drilling and allowed good primary stability for the implants.



CBCT examinations were performed 5 months after the sinus floor augmentation showed an uniform distribution of the graft material, well-delimited by the bone plates and the Schneiderian membrane. The CBCT examinations revealed no bovine bone granules beyond the sinus membrane and no sign of maxillary sinusitis.



Uncovering the implants revealed good integration, no mobility and no marginal bone loss. Further on, prosthetic success was achieved through correct implant placement and alignment in the grafted site.




4. Discussion


Perforation of the Schneiderian membrane is a common complication of sinus floor augmentation, with an incidence of 6.0–10.9% for bone scrapers and ultrasonic devices. Among them, the erosion technique is the safest, with an incidence of 4.7% [4]. Studies with bone window outlining and its reflection show a perforation incidence of 17.6% in comparison with rotary instruments [4]. When the bone window is removed, perforations occur in 9.6% cases [4]. In this study, the incidence for accidental perforation among the entire group of sinus augmentation surgeries was very high (26%) when compared with piezoelectric antrostomy. For many accidental perforations, tearing occurred during elevation of the membrane, due to sinus septa or to a very thin Schneiderian membrane, and not at the point when the antrostomy was performed. Current surgical sealing techniques, other than suturing, include the use of demineralized laminar bone, oxidized cellulose, biologic glues, PRF membranes or absorbable membranes (collagen membranes) [3,14,15].



Both maintaining the integrity of the Schneiderian membrane and sealing off perforations are critical for the success of bone augmentation procedures in the maxillary sinus [16]. According to different studies, the survival of implants diminishes when they are inserted in augmented maxillary sinuses with perforated membranes [12,17,18,19].



Experimental studies have demonstrated the Schneiderian membrane to be a source of humoral factor intake and osteoprogenitor cells for the neoformation of bone tissue [20]. However, histological studies have shown an insignificant osteogenic influence of the sinus membrane when compared to surrounding bone [21,22]. Histological human studies have proven an inverse proportion between vital bone formation and the buccal-palatal distance [23], and, respectively, a larger sinus needs a prolonged time for maturation of the graft material [24,25,26].



Animal studies have shown that bone formation is not related to direct contact with the sinus membrane, but it begins on the bottom of the sinus cavity after the elevation of the Schneiderian membrane and spreads into the elevated space [27]. Studies on monkeys offer insight into a major role in new bone formation to the coagulum, which occupies the space under the elevated Schneiderian membrane [28]. The sinus membrane does not provide a basis for new bone formation [28].



Vascular anastomosis by the union of the infraorbital artery branches and the posterior superior alveolar artery contribute to the vascularization of the Schneiderian membrane and, especially, of the lateral wall of the maxillary sinus [29]. Creating an access window to the maxillary sinus consequently reduces the surface of the receiving bed. Therefore, the sinus membrane is crucial for the blood supply corresponding to neoangiogenesis at the level of the bone-grafting material [16].



Tearing of the membrane frequently occurs near the bony contour of the antrostomy window. This is a consequence of inappropriate removal of the bony fragment or direct injury to the membrane by the insertion of the ultrasound bone surgery insert. The ultrasonic device provides high precision without traumatizing soft tissue, and reduces postoperative discomfort. Bone cutting was performed under constant irrigation using a cooled saline solution. The insert used has a micro-saw shape that leaves behind small grooves and thus allows delimitation of the bony window, which might be used for simultaneous lateral or vertical ridge augmentation.



The inserts cut through the bone by linear, continuous movements, under their own weight, without applying any additional pressure. Although ultrasound surgery devices should not harm soft tissues, the light pressure of the micro-saw insert can produce microscopic perforations in the underlying membrane that will allow it to tear even at minimum stresses during elevation by hand with specialized instruments [30]. Similarly, the sharp edges of the bony window can damage the sinus membrane in the same way, reducing its resistance during elevation [31].



Likewise, retractors used to reflect the surrounding tissues located at the upper edge of the access window may cause accidental iatrogenic perforations. Langenbeck and Farabeuf retractors are commonly used for mucoperiosteal flap retraction during oral surgery. The Langenbeck retractor ensures visibility at the surgery site by mechanical traction and reduces hemorrhages by putting pressure on incised tissues [32]. However, incorrect use of these retractors may cause complications such as mucosal perforations, resulting in additional technical difficulties and prolonged surgical intervention. In Figure 3, an iatrogenic sinus membrane perforation is exemplified. Because of muscle fatigue, the assisting physician who retracted the flap to ensure visibility slipped the Langenbeck retractor into the sinus cavity. As a result, membrane tearing occurred at the upper edge of the bone contoured similar to the size of the retractor.



No patient from the entire group had allergies to amoxicillin. On the other hand, the use of clindamycin and chlorhexidine was avoided, because some studies (Khoury F. et al.) consider clindamycin to be a risk factor for infections following sinus floor augmentation, while some suggest that chlorhexidine interferes with graft material consolidation [33].



Independent of the cause of Schneiderian membrane perforations, both surgical sealing techniques presented high survival rates of the implants. The chosen treatment technique was determined by the size and location of the sinus membrane rupture. The location of the perforation along the lateral window was important in terms of surgical access for sealing. The size of the membrane perforations was important because of the distance between the membrane margins to be rejoined; the larger the membrane rupture, the greater the risk of producing additional perforations.



For large-sized and multiple perforations, the pericardium membrane was chosen, while medium- and small-sized perforations were sutured. In addition, perforations located superiorly next to the maxillary sinus roof allowed suturing of the membrane, while inferiorly positioned ruptures were prone to collagen membrane coverage (Table 4).



Large (more than 10 mm) or multiple perforations usually occur in thin, fragile sinus membranes with reduced elasticity. The remaining mucosal tissue between multiple perforations makes it impossible to suture without additional strain on the membrane. In addition, medially positioned perforations from the osteotomy contour lead to reduced access and visibility, which hindered correct suturing of the mucosal margins. For these reasons, the treatment of choice in this type of Schneiderian membrane tear is to seal with a pericardium membrane in order to provide an inside lining (Figure 1).



The suturing technique is delicate, and requires first that the membrane be very well detached from the bone and relaxed so that it can be tension-free after suturing. A number of special instruments are needed: magnification with lights, microsurgical needle holders for 6.0–8.0 sutures, two microsurgical diamond-dusted tissue pliers and microsurgical scissors. Because the membrane is positioned behind the bony window, it is usually quite difficult to use fingers for knot-tightening without exerting tension at the membrane level. It is better to use diamond pliers to create the knots. When the perforation is solely in the membrane, a mattress suture is used. First, the needle (which is held by the microsurgical needle holder) enters the lower part of the perforation, and then is caught inside the sinus with the diamond pliers. The needle is again fixated into the needle holder and perforates the upper segment of the membrane. It is not advisable to pass the needle directly through both membrane segments at once, because this action usually creates tension and enlarges the perforation. After the needle is again fixated in the needle holder, the same operation is again carried out to obtain a mattress suture. Then, both ends of the thread are caught with both diamond pliers, and all three knots are fixed with them.



When suturing the membrane to the upper bony edge, first the needle is pushed through the hole made in the bone, then retrieved from inside the sinus cavity. After the needle perforates the membrane from inside the sinus cavity, it is removed from the membrane and pushed back inside the sinus. This is the most difficult part, when the needle has to emerge from the sinus through the small hole. By doing so, a mattress suture connects the membrane firmly to the bone without creating any tension at the membrane.



Other authors have proposed collagen membrane coverage for defects smaller than 5 mm and additional sutures for larger defects [34]. Testori et al. (2008) described the absorbable collagen membrane as a viable option to obliterate large perforations, creating a new superior wall or a “pouch” that can contain the entire number of bone grains [35].



Another technique for relatively small perforations includes fast absorbable collagen membranes, or simply leaving the Schneiderian membrane to overlap itself [17]. A study performed in 2015 examined 99 implants inserted in the augmented maxillary sinus by a lateral approach, with Schneiderian membrane perforation and collagen membrane coverage [36]. The mean follow-up duration after implant placement was 2.2 years, and the results proved a cumulative implant survival rate of 100% [36].



PRF membranes are considered an alternative treatment option for collagen membrane coverage [15]. Studies have shown no significant differences in the histological analyses of a healed Schneiderian membrane perforation with PRF or collagen membranes [15]. Suturing is the best option in terms of the osteogenic process, allowing direct contact between the graft material and the sinus membrane. The use of pericardium membrane increases both the osseointegration time of the graft material and the costs of the surgery, while suturing prolongs the surgical procedure but reduces the time required for osseointegration of the graft material.



In animal studies (rabbits), bone graft consolidation was analyzed through microcomputed tomographies and histomorphometries. The results showed delayed bone formation for sinus grafts with Schneiderian membrane perforation and collagen membrane sealing in comparison with an intact sinus membrane [37].



Quality of bone graft consolidation is associated with the amount of vital bone formed in the scaffold of the grafting materials [38]. In sinus floor augmentation, success is more related to a sufficient blood supply of the augmentation site and to an intact periosteum, with its anatomical and physiological properties, than to any specific grafting material [38]. Suturing the sinus membrane is a good alternative in terms of the osteogenic process, allowing direct contact between the graft material and the Schneiderian membrane. The causes of failure for this technique were insufficient blood supply, incorrect design of the provisional restoration, low healing potential after previous infections and inefficient sealing of the membrane perforations.



Patients with failed sinus grafts presented suppuration and signs of inflammation in the third or fourth week after surgery. In those cases, the bone graft material was removed, followed by a period of 6 months healing. The sinus floor augmentation surgery was repeated, usually with simultaneous implant placement. Only in two cases where the residual height bone was less than 4 mm did we postpone the implant placement. At the end, all patients received implant-supported fixed prosthesis.



All sinus floor augmentation surgeries without Schneiderian membrane perforation (111 sinus floor augmentation, corresponding to 65% from the total number of 172 sinus floor augmentation surgeries) were performed as planned, without intra- or postoperative incidents. Implants were inserted simultaneously with the sinus floor augmentation (when residual bone height allowed a good primary stability), or delayed until 5 months after the surgery. After the implants were integrated, fixed, screw-retained restorations were performed.



Within the limitations of this retrospective study, we can conclude that suturing the Schneiderian membrane might be considered a skillful alternative compared to other techniques with an external barrier applied between the augmented site and the graft material.







Author Contributions


Conceptualization, H.M.B. and S.A.I.; methodology, S.A.I. and M.D.M.; software, I.J.M. and S.A.I.; validation, H.M.B., N.S. and J.L.C.G.; formal analysis, I.J.M. and S.A.I.; investigation, H.M.B.; resources, H.M.B. and S.A.I.; data curation, I.J.M. and S.A.I.; writing—original draft preparation, I.J.M. and S.A.I.; writing—review and editing, H.M.B., N.S. and J.L.C.G.; visualization, H.M.B., S.A.I. and M.D.M.; supervision, M.D.M., H.M.B., N.S. and J.L.C.G.; project administration, H.M.B.; funding acquisition, M.D.M. and H.M.B.




Conflicts of Interest


The authors have no conflicts of interest to declare.




References


	



Buser, D.; Sennerby, L.; De Bruyn, H. Modern implant dentistry based on osseointegration: 50 years of progress, current trends and open questions. Periodontology 2017, 73, 7–21. [Google Scholar] [CrossRef] [PubMed]

	



Starch-Jensen, T.; Aludden, H.; Hallman, M.; Dahlin, C.; Christensen, A.E.; Mordenfeld, A. A systematic review and meta-analysis of long-term studies (five or more years) assessing maxillary sinus floor augmentation. Int. J. Oral Maxillofac. Surg. 2018, 47, 103–116. [Google Scholar] [CrossRef] [PubMed]

	



Testori, T.; Weinstein, T.; Taschieri, S.; Wallace, S.S. Risk factors in lateral window sinus elevation surgery. Periodontol. 2000 2019, 81, 91–123. [Google Scholar] [CrossRef] [PubMed]

	



Stacchi, C.; Andolsek, F.; Berton, F.; Perinetti, G.; Navarra, C.O.; Di Lenarda, R. Intraoperative Complications during Sinus Floor Elevation with Lateral Approach: A Systematic Review. Int. J. Oral Maxillofac. Implant 2017, 32, e107–e118. [Google Scholar] [CrossRef] [PubMed]

	



Wang, L.; Gun, R.; Youssef, A.; Carrau, R.L.; Prevedello, D.M.; Otto, B.A.; Ditzel, L. Anatomical study of critical features on the posterior wall of the maxillary sinus: Clinical implications. Laryngoscope 2014, 124, 2451–2455. [Google Scholar] [CrossRef]

	



Ardekian, L.; Oved-Peleg, E.; Mactei, E.E.; Peled, M. The clinical significance of sinus membrane perforation during augmentation of the maxillary sinus. J. Oral Maxillofac. Surg. 2006, 64, 277–282. [Google Scholar] [CrossRef] [PubMed]

	



Schwarz, L.; Schiebel, V.; Hof, M.; Ulm, C.; Watzek, G.; Pommer, B. Risk Factors of Membrane Perforation and Postoperative Complications in Sinus Floor Elevation Surgery: Review of 407 Augmentation Procedures. J. Oral Maxillofac. Surg. 2015, 73, 1275–1282. [Google Scholar] [CrossRef]

	



Atieh, M.A.; Alsabeeha, N.H.; Tawse-Smith, A.; Faggion, C.M., Jr.; Duncan, W.J. Piezoelectric surgery vs rotary instruments for lateral maxillary sinus floor elevation: A systematic review and meta-analysis of intra-and postoperative complications. Int. J. Oral Maxillofac. Implant 2015, 30, 1262–1271. [Google Scholar] [CrossRef]

	



Stacchi, C.; Vercellotti, T.; Toschetti, A.; Speroni, S.; Salgarello, S.; Di Lenarda, R. Intraoperative complications during sinus floor elevation using two different ultrasonic approaches: A two-center, randomized, controlled clinical trial. Clin. Implant Dent. Relat. Res. 2015, 17, e117–e125. [Google Scholar] [CrossRef]

	



Wen, S.C.; Chan, H.L.; Wang, H.L. Classification and management of antral septa for maxillary sinus augmentation. Int. J. Periodontics Restor. Dent. 2013, 33, 509–517. [Google Scholar] [CrossRef]

	



Kim, S.B.; Yun, P.Y.; Kim, Y.K. Clinical evaluation of sinus bone graft in patients with mucous retention cyst. Maxillofac. Plast. Reconstr. Surg. 2016, 38, 35. [Google Scholar] [CrossRef] [PubMed]

	



Hermes, M.; Lommen, J.; Kübler, N.R.; Lytvyniuk, I.; Singh, D.D.; Schorn, L.; Holtmann, H. Influence of Schneiderian Membrane Perforations on the Prognosis and Outcomes of Lateral Window Sinus Augmentation Operations: A Retrospective Case Series Study. J. Dent. Oral Disord. Ther. 2018, 6, 1–9. [Google Scholar] [CrossRef]

	



Robiony, M.; Tenani, G.; Sbuelz, M.; Casadei, M. A simple method for repairing membrane sinus perforation. Open J. Stomatol. 2012, 2, 348–351. [Google Scholar] [CrossRef]

	



Salgado Velazquez, A.; Esteve Colomina, L. Handling Perforations of the Sinus Membrane. Inspyred: The Alternative EAO Voice. Available online: http://www.clinicaesteve.es/formacion/wp-content/uploads/2018/01/2017-Perforaciones-Membrana-sinusal-Lino-Esteve.pdf (accessed on 1 June 2019).

	



Aricioglu, C.; Dolanmaz, D.; Esen, A.; Isik, K.; Avunduk, M.C. Histological evaluation of effectiveness of platelet-rich fibrin on healing of sinus membrane perforations: A preclinical animal study. J. Cranio-Maxillo-Facial Surg. 2017, 45, 1150–1157. [Google Scholar] [CrossRef] [PubMed]

	



Solar, P.; Geyerhofer, U.; Traxler, H.; Windisch, A.; Ulm, C.; Watzek, G. Blood supply to the maxillary sinus relevant to sinus floor elevation procedures. Clin. Oral Implant Res. 1999, 10, 34–44. [Google Scholar] [CrossRef]

	



Viña-Almunia, J.; Peñarrocha-Diago, M.; Peñarrocha-Diago, M. Influence of perforation of the sinus membrane on the survival rate of implants placed after direct sinus augmentation. Literature update. Med. Oral Patol. Oral Cir. Bucal 2009, 14, E133–E136. [Google Scholar] [PubMed]

	



Proussaefs, P.; Lozada, J.; Kim, J. Effects of sealing the perforated sinus membrane with a resorbable collagen membrane: A pilot study in humans. J. Oral Implantol. 2003, 29, 235–241. [Google Scholar] [CrossRef]

	



Hernández-Alfaro, F.; Torradeflot, M.M.; Marti, C. Prevalence and management of Schneiderian membrane perforations during sinus-augmentation procedures. Clin. Oral Implant Res. 2008, 19, 91–98. [Google Scholar] [CrossRef]

	



Troedhan, A.; Kurrek, A.; Wainwright, M. Biological Principles and Physiology of Bone Regeneration under the Schneiderian Membrane after Sinus Augmentation Surgery: A Radiological Study in 14 Patients Treated with the Transcrestal Hydrodynamic Ultrasonic Cavitational Sinus Augmentation (Intraaugmentation). Int. J. Dent. 2012. [Google Scholar] [CrossRef]

	



Scala, A.; Botticelli, D.; Faeda, R.S.; Garcia Rangel, I., Jr.; Américo de Oliveira, J.; Lang, N.P. Lack of influence of the Schneiderian membrane in forming new bone apical to implants simultaneously installed with sinus floor elevation: An experimental study in monkeys. Clin. Oral Implant Res. 2012, 23, 175–181. [Google Scholar] [CrossRef]

	



Rong, Q.; Li, X.; Chen, S.L.; Zhu, S.X.; Huang, D.Y. Effect of the Schneiderian membrane on the formation of bone after lifting the floor of the maxillary sinus: An experimental study in dogs. Br. J. Oral Maxillofac. Surg. 2015, 53, 607–612. [Google Scholar] [CrossRef] [PubMed]

	



Avila, G.; Wang, H.L.; Galindo-Moreno, P.; Misch, C.E.; Bagramian, R.A.; Rudek, I.; Benavides, E.; Moreno-Riestra, I.; Braun, T.; Neiva, R. The influence of the bucco-palatal distance on sinus augmentation outcomes. J. Periodontol. 2010, 81, 1041–1050. [Google Scholar] [CrossRef] [PubMed]

	



Maria Soardi, C.; Spinato, S.; Zaffe, D.; Wang, H.L. Atrophic maxillary floor augmentation by mineralized human bone allograft in sinuses of different size: An histologic and histomorphometric analysis. Clin. Oral Implant Res. 2010, 22, 560–566. [Google Scholar] [CrossRef] [PubMed]

	



Lombardi, T.; Stacchi, C.; Berton, F.; Traini, T.; Torelli, L.; Di Lenarda, R. Influence of Maxillary Sinus Width on New Bone Formation After Transcrestal Sinus Floor Elevation: A Proof-of-Concept Prospective Cohort Study. Implant Dent. 2017, 26, 209–216. [Google Scholar] [CrossRef]

	



Stacchi, C.; Lombardi, T.; Ottonelli, R.; Berton, F.; Perinetti, G.; Traini, T. New bone formation after transcrestal sinus floor elevation was influenced by sinus cavity dimensions: A prospective histologic and histomorphometric study. Clin. Oral Implant Res. 2018, 29, 465–479. [Google Scholar] [CrossRef] [PubMed]

	



Jungner, M.; Cricchio, G.; Salata, L.A.; Sennerby, L.; Lundqvist, C.; Hultcrantz, M.; Lundgren, S. On the Early Mechanisms of Bone Formation after Maxillary Sinus Membrane Elevation: An Experimental Histological and Immunohistochemical Study. Clin. Implant Dent. Relat. Res. 2014, 17, 1092–1102. [Google Scholar] [CrossRef] [PubMed]

	



Scala, A.; Botticelli, D.; Rangel Jr, I.G.; De Oliveira, J.A.; Okamoto, R.; Lang, N.P. Early healing after elevation of the maxillary sinus floor applying a lateral access: A histological study in monkeys. Clin. Oral Implant Res. 2010, 21, 1320–1326. [Google Scholar] [CrossRef]

	



Rosano, G.; Taschieri, S.; Gaudy, J.F.; Weinstein, T.; Del Fabbro, M. Maxillary sinus vascular anatomy and its relation to sinus augmentation surgery. Clin. Oral Implant Res. 2011, 22, 711–715. [Google Scholar] [CrossRef]

	



Wallace, S.S.; Mazor, Z.; Froum, S.J.; Cho, S.C.; Tarnow, D.P. Schneiderian membrane perforation rate during sinus elevation using piezosurgery: Clinical results of 100 consecutive cases. Int. J. Periodontics Restor. Dent. 2007, 27, 413–419. [Google Scholar]

	



Vlassis, J.M.; Fugazzotto, P.A. A classification system for sinus membrane perforations during augmentation procedures with options for repair. J. Periodontol. 1999, 70, 692–699. [Google Scholar] [CrossRef]

	



Black Smith Surgical. Langenbeck Retractor. Available online: https://www.blacksmithsurgical.com/gynecology-instruments/langenbeck-retractor (accessed on 1 March 2019).

	



Khoury, F.; Javed, F.; Romanos, G.E. Sinus Augmentation Failure and Postoperative Infections Associated with Prophylactic Clindamycin Therapy: An Observational Case Series. Int. J. Oral Maxillofac. Implant 2018, 33, 1136–1139. [Google Scholar] [CrossRef] [PubMed]

	



Becker, S.T.; Terheyden, H.; Steinriede, A.; Behrens, E.; Springer, I.; Wiltfang, J. Prospective observation of 41 perforations of the Schneiderian membrane during sinus floor elevation. Clin. Oral Implant Res. 2008, 19, 1285–1289. [Google Scholar] [CrossRef] [PubMed]

	



Testori, T.; Wallace, S.S.; Del Fabbro, M.; Taschieri, S.L.M.; Trisi, P.; Capelli, M.; Weinstein, R.L. Repair of large sinus membrane perforations using stabilized collagen barrier membranes: Surgical techniques with histologic and radiographic evidence of success. Int. J. Periodontics Restor. Dent. 2008, 28, 9–17. [Google Scholar]

	



Kim, G.S.; Lee, J.W.; Chong, J.H.; Han, J.J.; Jung, S.; Kook, M.S.; Park, H.J.; Ryu, S.Y.; Oh, H.K. Evaluation of clinical outcomes of implants placed into the maxillary sinus with a perforated sinus membrane: A retrospective study. Maxillofac. Plast. Reconstr. Surg. 2016, 38, 50. [Google Scholar] [CrossRef] [PubMed]

	



Lim, H.C.; Son, Y.; Hong, J.Y.; Shin, S.I.; Jung, U.W.; Chung, J.H. Sinus floor elevation in sites with a perforated schneiderian membrane: What is the effect of placing a collagen membrane in a rabbit model? Clin. Oral Implant Res. 2018, 29, 1202–1211. [Google Scholar] [CrossRef] [PubMed]

	



Troedhan, A.; Kurrek, A.; Wainwright, M.; Schlichting, I.; Fischak-Treitl, B.; Ladentrog, M. The transcrestal hydrodynamic ultrasonic cavitational sinus augmentation: Results of a 2-year prospective multicentre study on 404 patients, 446 sinus augmentation sites and 637 inserted implants. Open J. Stomatol. 2013, 3, 471–485. [Google Scholar] [CrossRef]








[image: Jcm 08 01491 g001 550] 





Figure 1. Schneiderian membrane sealing technique with collagen membrane coverage. (A) Preoperative CBCT image. (B) Large, multiple Schneiderian membrane perforations. (C) Bone graft placed in the collagen membrane “pouch”. (D) Postoperative CBCT after implant placement. 
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Figure 2. Suture of a perforation located at the superior edge of the osteotomy window. (A) The bone segment is still attached to the underlying mucosa. (B) Suturing of the Schneiderian membrane, along with the bone segment to the fixed bony plane. (C) “Hinge joint” of the mobile bone segment. (D) Grafting material introduced into the sinus cavity. 
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Figure 3. Iatrogenic perforation produced with a Langenbeck retractor. (A) Perforation located at the superior edge of the osteotomy. (B) Preparation of the holes in the bone. (C) Suture of the mucosa to the superior bony edge. (D) Postoperative panoramic image after implant placement. 
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Figure 4. Sinus floor augmentation simultaneous with mucocele removal. (A) Preoperative CBCT of the left maxillary sinus. (B) Mucocele pseudocyst visible through the incision. (C) Suture of the incised Schneiderian membrane. (D) Panoramic image after implant placement. 
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Table 1. Study group characteristics.
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	Inclusion Criteria
	Exclusion Criteria





	Sinus floor augmentation by a lateral approach (height of residual bone less than 5 mm in posterior area)
	Implant placement performed subsequently in other clinics



	Schneiderian membrane perforation during the procedure
	Prosthetic restoration performed in other clinics



	Preoperative and postoperative CBCT (cone beam computed tomography) (6 months after surgery)
	Patients who refused to be included in the study










[image: Table] 





Table 2. Distribution of the perforations among the sinus floor augmentation surgeries.
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	Total Surgeries
	172





	Perforations
	61 (35%)



	Unintentional perforation
	45 (74%)



	Intentional membrane incision
	16 (26%)
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Table 3. Results of the two sealing techniques.
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Schneiderian Membrane Sealing Technique

	
Failure

	
Success

	
Bone Density at 5 Months (Cutting Resistance)






	
Repair by suturing

	
31 (51%)

	
5 (16%)

	
26 (84%)

	
D3




	
Repair by membrane sealing

	
30 (49%)

	
2 (7%)

	
28 (93%)

	
D4
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Table 4. Sealing techniques depending on the size and location of the perforation.
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Sealing Technique

	
Type of Perforation

	
Position in the Bony Window Osteotomy

	
Number






	
Collagen membrane

	
large (>10 mm)

	
center; inferior

	
8




	
medium (5–10 mm)

	
inferior

	
22




	
Suture

	
medium (5–10 mm)

	
center, superior

	
16




	
small (<5 mm)

	
center, superior

	
15
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