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        » Dedication


    


    We spend a large portion of our lives working. Those of us who dedicate ourselves to oral health are absolutely privileged because our work has all the elements to make it satisfactory: the scientific component that fosters mental stimulation, the performance of manual skills, and the artistic gratification derived from producing results in a patient that can be visualized almost immediately and also delighted in. A generous economic reward is the usual consequence of our work, and most importantly, we have the gratitude of the people we treat because we often change their lives. For many years, supported by a great team, I have dedicated my work efforts to the acquisition and dissemination of knowledge in the field of oral rehabilitation of atrophic or discontinuous maxillae with zygomatic implants. The time I have spent has been truly extraordinary and has provided me with the opportunity to give something back after receiving so much from this profession. I feel truly privileged to write this book.


    Learning about zygomatic implants from P-I Brånemark and his team, most notably Chantal Malevez, has forever marked my personal and professional life. These pioneers devoted a great part of their lives to transmitting their knowledge to benefit many others, including me. For this, I want to thank them by dedicating this book, and the years of effort needed to write it, to the memory of their leader, P-I Brånemark.




    

    

        »  Foreword


    


    Indications for zygomatic implants were initially limited to oncologic settings where the maxillary bone had been eliminated by maxillectomy. Then in the early 1990s, Carlos Aparicio introduced the zygomatic concept for use in late-stage maxillary atrophy, which subsequently evolved into the zygoma anatomy-guided approach (ZAGA) classification and treatment protocol—one of the most important advancements in the field of implant dentistry.


    What may seem to be the arcane complexity of zygomatic implants at first blush is actually profound simplicity. The ZAGA concept offers patients an alternative to bone augmentation procedures, including sinus floor elevations, iliac onlay grafts, guided bone regeneration, and Le Fort 1 down-graft procedures. Though these techniques enable the expansion of bone available to place implants, they also subject patients to additional surgery and treatment time, and the implants subsequently placed often do not have osseointegration success rates comparable to implants placed in nongrafted bone. Aparicio’s mentor, Per-Ingvar Brånemark, resisted the use of sinus floor augmentation methods in deference to taking advantage of bone that was already available, even if it resulted in remote implant anchorage. The zygomatic implants developed as a result of this strictly biomechanical approach to implant placement derive support from their entire length. Once fastened into a prosthesis, they have multiple biomechanical planes of resistance, not least of which is cross-arch stabilization.


    Complicating factors for zygomatic implant placement remain, however, including the challenge presented by limited alveolar bone support; the risks for oroantral (peri-implant) communication, soft tissue recession, and late sinus infection; restricted hygiene access; and concerns with the design of prosthesis connection components. Compared to standard dental implants, zygomatic implants are often found lacking in these areas, and there is a particularly pressing need for antimicrobial implant surface enhancement. Modifications to implant design, improved implant insertion methods, and innovations in restoration attachment must continue in what remains a fertile field for creative solutions in zygomatic implant development.


    The desire to restore patient health and exercise high quality-of-care standards should remain the driving factor in the quest to improve the zygomatic concept. One day, the preferred method for bone reconstruction will most likely be tissue re-engineering, rendering titanium implants phantoms of the past. For now, the zygomatic implant is an indispensable adjunct to prosthetic restoration for severely compromised patients who, more than any other group, may find themselves in a state of catastrophic distress if not defeat.


    Ole Jensen, dds, ms


    Adjunct Professor
Department of Oral and Maxillofacial Surgery
University of Utah School of Dentistry
Salt Lake City, Utah


    Simplicity is hidden in complexity. —Rumi




    

        » Preface


    


    I had the good fortune to meet my mentor, Per-Ingvar Brånemark, in 1983. Thanks to his teachings, my professional life and the lives of many people with maxillofacial and orthopedic disorders have been transformed in a positive way. In 1988, a few years after I first met Brånemark, I received a knock on the door of my clinic from the patient who would change my destiny. Ignacio was 18 years old. An unsuccessful orthognathic intervention had left him without an anterior maxilla; it was missing all the way from the right premolar region to the left. An added complication was an oroantral communication approximately 15 mm in diameter. Together with my much-admired work partner at the time, Dr Jordi Olivé, I overcame the bureaucratic impediments to take Ignacio to Gothenburg, Sweden, to be operated on by Brånemark. Brånemark harvested a graft from the iliac bone and then placed it along with long implants he had customized in his own office. These implants were anchored into the zygomatic bone with an inclined trajectory. Professor Eugene Keller, chairman of the maxillofacial department at the Mayo Clinic in Rochester, Minnesota, was on sabbatical in Gothenburg at the time and was interested in the new evidence-based oral implants. He closed the soft tissues. After a long period with a provisional prosthesis, Ignacio received a fixed maxillary restoration in Barcelona, and his case was published in The International Journal of Oral & Maxillofacial Implants in 1993.1


    I took two key messages from this experience for my professional career: (1) It is possible to place implants that are inclined with respect to the occlusal plane, and (2) implant anchorage can be achieved remote from the alveolar ridge.


    In the ensuing years, improved protocols for zygomatic implant placement were developed. To avoid the sinus graft so fashionable in the 1990s, implants were progressively tilted to reduce the cantilevers by taking advantage of the possibilities for anchorage offered by native bone. Radiographic monitoring of the marginal bone heights around the tilted implants indicated that this was the right track. The placement of tilted implants was fast and predictable and prevented the need for complex, expensive, and less predictable procedures such as grafting.


    The initial knowledge on zygomatic implants, however, was rather intuitive and not standardized. There was little experience with the technique and no long-term publications to prove the benefits of zygomatic implant therapy until 2004.2 For several years, my colleagues and I followed the original Brånemark technique without deviation, documenting the evolution of the treated patients in exquisite detail. Little by little, patient follow-ups revealed the immediate and delayed complications associated with the original zygomatic implant therapy. These complications could be serious, and although most of the implants achieved osseo-integration, the appearance of late complications was unpredictable. Gradually, the technique was abandoned by most surgeons, and zygomatic implants fell into disuse.


    The stimulus to improve the protocol for zygomatic implant placement remained, however, because when the technique is successful, it drastically improves the functional and psychologic situations of patients suffering from extreme maxillary atrophy. For many, it represents the last chance to regain a fixed dentition. Thus, we continued observing and trying to understand the origin of complications. We meticulously monitored each change introduced to improve the technique (eg, single-stage surgery, immediate loading, externalized implant placement, minimally invasive osteotomy, etc). By introducing one change at a time, followed by periods of observation for at least 3 years, we arrived at the ZAGA treatment philosophy, in which patient anatomy guides zygomatic implant placement. The universally applicable rules of the original technique were individualized for each patient according to exact protocols, and zygomatic implant therapy became predictable.


    Today, a number of commercial manufacturers are relaunching production of zygomatic implants. One possible reason for this, which would please me as a clinician committed to minimally invasive dentistry, is that there is more awareness of less invasive techniques. Another possible explanation is that the pendulum of dentistry has swung from denial of the predictability of implants to the opposite state of too frequent replacement of teeth that could be candidates for conservative dentistry with implants that are prescribed under the illusion that they will “last a lifetime.” We are also increasingly accepting professional risks such as placing implants in bone sites that have not healed ideally and using implant designs or surfaces that have not been tested over the long term. All this, together with an exponential growth in the number of implants placed, has resulted in implant failures becoming more and more frequent. Against this background, there has been a resurgence of interest in zygomatic implants as a rescue procedure to resolve the challenging consequences resulting from the failure of standard implants placed in pristine or grafted bone. It is here that the true dimension of the value of zygomatic implants becomes clear. Thanks to the ZAGA approach, an orally debilitated patient can have a predictable procedure to receive a long-term fixed dentition within a few hours, without grafting, without general anesthesia, and without the morbidity of a donor site.


    I want to remind the reader that zygomatic implants have been in use for more than three decades. Clinical follow-up studies conducted in centers around the world have shown good results. Moreover, at the time of this writing, we have 3-year results (the 5-year report is probably soon to be in print) from the first multicenter randomized controlled trial comparing the clinical efficacy of zygomatic implants to implants placed with bone grafting.3 The study clearly demonstrated the superiority of zygomatic implant rehabilitation over that performed with bone grafting, even though there was a high number of reported sinus complications and the majority of zygomatic implants in the study were placed according to original techniques with a double osteotomy and palatal entry into the sinus cavity. Zygomatic implant therapy is much faster than bone grafting alternatives, and fewer implants and prostheses are lost.


    In any case, patients should know the risks and benefits of all treatment alternatives. The results of a technique are obviously dependent on the skill of the surgeon and may also be sensitive to the material and type of implant used. The discerning clinician understands that the learning curve for placing zygomatic implants is dependent on the individual and that the use of a new implantology method with techniques, materials, and anatomical sites different from those used for conventional implants requires special caution. The anatomy involved in zygomatic implant therapy is complex, and because treating complications is extremely difficult, the clinician will usually have only one attempt at performing a successful operation.


    The purpose of this book is to share the experiences and developments gained from 30 years of placing zygomatic implants. Components of the ZAGA philosophy in its current state are described, including biomechanics, ZAGA zones and anatomical classifications, minimally invasive osteotomies, soft tissue management, tools, and the ORIS criteria for reliable and systematic reporting. This text also describes the use of alternative and adjuvant techniques, including the use of leukocyte platelet-rich fibrin (L-PRF), CAD/CAM technology, and subperiosteal, nasal, transnasal, and pterygoid implants. International experiences from several ZAGA mentors are shared along with the history and features of the newly designed ZAGA implants.


    My aim in writing this book is to share not only the “how to’s” of zygomatic implant placement but above all the “why.” Knowing when and why zygomatic implant therapy should be performed equips health care professionals to make the right decisions during the planning, surgical, prosthetic, and maintenance phases of treatment.
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Origins of the ZAGA Concept


Carlos Aparicio





Rehabilitating patients with severe maxillary atrophy has remained a consistent challenge for clinicians. In select cases, a complete or partial dental rehabilitation anchored with zygomatic implants can be an excellent option. In practice, though, the historical long-term unpredictability of such procedures means that some clinicians still opt for conventional methods, even though they can be more complex, time-consuming, and costly for the patient. As is true of techniques for placing standard implants in different situations, zygomatic implant placement practices have evolved over the years, from the original Brånemark technique to the slot, extrasinus, and extramaxillary approaches, and now the zygoma anatomy-guided approach (ZAGA). As zygomatic implant placement systems have evolved, so have the implants, tools, technology, and thinking behind them.


Thirty years ago, zygomatic implants were uncharted territory for the vast majority of clinicians. Today, zygomatic implant therapy represents a milestone of progress in the genesis of oral implantology. As it has become more commonplace, a substantial body of evidence has grown to support it. The technique has been well documented over the long term, with success rates that compare favorably with conventional treatment using dental implants and bone grafting. Changes in zygomatic implant design have occurred over the past 20 years, and with these changes, surgical protocols have also evolved. This chapter examines the evolution of oral rehabilitation with zygomatic implant–supported prostheses, from its origins to the present.


Technique Evolution


Brånemark’s original technique: The beginning of the ZAGA story


In the early 1990s, several reports were published on the possibility of anchoring implants into the zygomatic bone for both nasofacial1 and dental prostheses.2 In 2004, Brånemark et al published a long-term follow-up study on onlay bone grafting and the simultaneous placement of zygomatic implants,3 and zygomatic implants were accepted into the scientific implantology community. In this study, 52 zygomatic implants and 106 conventional implants were placed across 28 patients. Bone grafting was performed in 17 patients. All patients were followed closely for 5 to 10 years. The procedure for placing the zygomatic implants consisted of performing a window antrostomy in the upper lateral quadrant of the anterior maxillary wall. The sinus mucosa was then reflected, and “no special effort was made to keep it intact.”3


According to Brånemark, “the direction of the zygoma fixture was selected to provide optimal stability against prosthetic requirements,” meaning the implant path had a more-or-less palatal point of entry, depending on the curvature of the maxillary wall.3 This implant path was said to achieve an intrasinus trajectory (Fig 1-1). Due to the palatal positioning of the zygomatic implants, the palatal flap had to be thinned and the fat tissue eliminated to prevent any soft tissue inflammation around the final abutments. However, despite the palatal positioning of the implant head, no patient discomfort or speech difficulties were reported in the initial study.




[image: ]


FIG 1-1 This clinical photograph shows some of the features of the original surgical technique, such as palatal entry and the opening of an anterior window to visualize the implant path.





The results


In the long term, there were three reported zygomatic implant failures, reflecting a survival rate of 94.2%. Overall, the prosthetic restoration success rate at 5 years was 96%. At least 96 conventional implants between 10 and 20 mm in length were placed. The success rate for the original conventional implants was about 71%. In 2 of the 28 patients, one of the two zygomatic implants installed was disconnected from the prosthesis due to suppuration at the palatal entry point of the implant combined with sinus infection. Recurrent sinusitis affected four patients within the follow-up time (Fig 1-2). The treatment of these four cases was identical: an antrostomy of the inferior meatus with satisfactory results. An additional four patients were found to have radiographically diagnosed sinusitis with clinically symptom-free maxillary sinuses. In those cases, no treatment was considered necessary. According to the definition of Lanza and Kennedy,4 the percentage of cases that developed clinical sinusitis was 21%. If we also apply the radiologic criteria of Lund and Mackay,5 the percentage of rhinosinusitis would rise to 35.7%.
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FIG 1-2 (a) Tomographic section of the maxillary sinus taken 1 year after placement of the zygomatic implant through the thin palatal wall. Note the transparency of the maxillary sinus. (b) After a period of 3 years, the patient was diagnosed with rhinosinusitis with radiologic occupation of the sinus with no apparent cause.





In 2010, Bedrossian reported a retrospective follow-up of 36 patients treated with the immediate loading protocol over a period of 5 to 7 years. The survival rate was 97.2%.6 Following this in 2012, Aparicio et al reported on a prospective study with a minimum 10-year follow-up of 22 consecutive patients.7 In this study, the original Brånemark two-stage protocol was used along with the original titanium-turned zygomatic implants. In year 9, two stable zygomatic implants from one patient were removed due to a peri-implant infection in conjunction with recurrent sinusitis, resulting in a cumulative overall survival rate of 95.12% over 10 years.


Concerns with the original technique


When first marketed in 1998, the original Brånemark zygomatic implant was fully threaded and machined. Its head had a 45-degree angulation. The implant transporter and then the abutment were fixed to the implant with a screw that went completely through the head of the implant. The implant was initially designed with an external hex connection so that clinicians could effectively use the components of the Brånemark system. Passing the implant through the maxillary sinus via a palatal perforation did not appear to cause any serious negative sinus reactions, provided the implant was stable and the antral cavity was sealed, as evaluated in a sinuscopy study of 14 patients.8


However, Brånemark’s 2004 study found that 6 of 28 patients (21%) experienced clinical symptoms of acute sinusitis, 4 of whom experienced recurrent acute sinusitis.3 An additional four patients (14%) experienced only radiologic findings of sinusitis (chronic rhinosinusitis), resulting in an overall prevalence of sinusitis of 35%. The occurrence of a relatively high percentage of infectious sinus problems was initially attributed to causes such as poor sealing of the antrum near the palatal area caused by implant micromovement or imprecise surgical technique. Other clinicians attributed these infections to the design of the abutment and implant head screw attachment, through which bacterial microleakage and a consequent inflammatory response with bone destruction could have occurred.


Significantly, most of the studies that include follow-ups of zygomatic implants placed according to the original technique do not mention the prevalence of sinus problems or complications. When rhinosinusitis infections were reported, they appeared to occur at a rate similar to those obtained by Hirsch et al and Malevez et al in 2004, who reported the occurrence of sinusitis in 2.3% to 13.6% of all treated sinuses.9,10 This is in contrast to studies by Brånemark et al,3 Becktor et al,11 and Farzad et al,12 in which the incidences of sinusitis were 35%, 29%, and 31.8%, respectively. Becktor et al had to remove 3 of 31 implants due to recurrent sinusitis, although the implants were clinically stable.11 Again, the two explanations proposed for these problems were, first, that the internally threaded abutment screw chamber in the zygomatic implant head may have created an oroantral communication leading to sinusitis and, second, that there may have been a lack of osseointegration at the marginal level in the palatal area, resulting in transverse mobility of the zygomatic implant and a pump effect during function.


It is noteworthy that very few studies have been as detailed as Brånemark’s with respect to patient follow-up, especially sinus status. Additionally, at the time the original technique was first being performed, there was a lack of consensus on how to report a diagnosis of sinusitis in the dental literature, so information on the prevalence of sinus infection problems should be taken with caution. In most studies with a focus on zygomatic implants, the term used to describe sinus pathology is sinusitis, without clarifying the type, associated signs and symptoms, or whether CT or endoscopy was performed to confirm the diagnosis. Furthermore, sinusitis can be diagnosed years after zygomatic implant surgery.


In summary, oroantral fistulas and subsequent sinusitis are typical late complications associated with zygomatic implants,13 and there are different hypotheses for their etiology—one being lengthy resorption of the thin bone surrounding the neck of the implant when it crosses the palate. There may also be other factors affecting the resorption process, like overly extensive preparations, fracture of the thin alveolar ridge during implant placement, history of periodontitis, and oral hygiene procedures.


In 2016, the Nobel Zygoma with a TiUnite surface implant (Nobel Biocare) replaced the original Brånemark System Zygoma TiUnite implant. It came with a new, nonperforated implant head, a complete rough surface, and the need for a specific zygomatic implant abutment. But even in a recent multicentric study by Felice et al in 2020, sinusitis was cited as the most frequent complication.14 Thus, the risk of soft tissue problems and sinusitis should not be underestimated.


In addition to causing sinus concerns, the original technique is a two-stage procedure, which increases the total treatment time and the number of surgical procedures. The process also allows for less than optimal prosthetic management during the healing period. Therefore, some authors suggested using an immediate loading protocol, placing a definitive abutment, and avoiding abutment changes in a single-stage procedure.15,16 It is proposed that these factors could decrease the risk of oroantral communication by establishing a better soft tissue barrier.


Another drawback of the original technique was the palatal emergence of the implant head that often occurred as a result of keeping the implant body within the boundaries of the maxillary sinus. This process commonly resulted in a prosthesis with a bulky palatal aspect that caused tongue discomfort and poor phonetics and prevented correct oral hygiene (Fig 1-3). Furthermore, zygomatic implant placement with an intrasinus path may not even be possible in patients with highly pronounced buccal concavities at the lateral aspect of the maxillary sinus because the implant would emerge close to the midpalate.
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FIG 1-3 Occlusal photograph of a fixed prosthesis with four standard anterior implants and two zygomatic implants with a palatal placement in the posterior sector according to the original technique. Note that there were no angled abutments to correct the direction of the prosthetic screws at the time the original technique was being developed.





Tribute to Per-Ingvar Brånemark


The drawbacks of the original technique have been described with the healthy pride of a disciple who humbly accepts and follows the master and then intuits that he can evolve the knowledge garnered and improve the results. Step by step, measuring the consequences of each individual change to the original technique, Brånemark’s students have been able to make the seed he planted grow. I think this is the best tribute and the best reward a teacher might have.


After all, when we were first starting to think about rehabilitating partially edentulous spans with several implants, Brånemark was already looking for places distant from the alveolar bone to anchor “fixtures”—he did not like to call them implants—to fix dental restorations. Not only was he the forefather of zygomatic implant placement, but he was also a pioneer in placing implants into the septum that separates the maxillary sinuses and the nasal cavity (Fig 1-4). With the exception of a few visionary professionals, the placement of implants taking advantage of the nasal bone is something that we seem to be discovering only very recently (see chapter 11).
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FIG 1-4 This radiographic image taken from the 2004 study by Brånemark et al shows the placement of an implant in the nasal septum (white circle). (Reprinted from Brånemark et al.3)





The slot technique


Despite the reported success of the original Brånemark technique, it was clear there were problems that needed to be overcome. To eradicate excessive palatal implant head emergence and to reduce postoperative discomfort, Stella and Warner first described the slot technique in a technical note in 2000.17 First, a crestal incision was preferred to the vestibular Le Fort incision recommended in the original technique. The latter can be challenging to manage as it places the flap closure over the antrostomy. The authors proposed raising a flap only as far as the inferior part of the infraorbital nerve and up to the medium-inferior part of the zygomatic process of the maxilla. Unlike the original technique, they did not uncover the angle formed by the frontal and temporal processes of the zygomatic bone because, in theory, this groove gave them the direction of the implant. Wisely, the authors also questioned the need for the extensive antrostomy prescribed in the original technique when the problem is advanced atrophy of the maxilla. Instead, they proposed to perform a narrow slot in the previously imaged direction of the implant to help visualize implant angulation. The most significant contribution of this new technique, however, was to question the need for palatal implant entry, which results in bulky prostheses. Instead, Stella and Warner proposed a crestal entry to achieve superior anatomical prostheses. Local anesthesia and intravenous (IV) sedation were also introduced, and it was suggested that a better controlled “slot” approach with a reduced antrostomy and a careful implant path through the sinus would be favorable for healing and enhanced prosthetic positioning of the implant head.


The process


After flap raising, a slot is drilled prior to zygomatic implant placement following a preplanned implant path. First, a hole is prepared in the lateral wall of the maxillary sinus using a tungsten carbide drill. This is made at the extreme upper contour of the zygomatic buttress. Then, a zygomatic implant depth gauge is placed in the hole and positioned to simulate the angled approach of the implant twist drill. A second hole is then made on this trajectory 5 mm above the crest of the ridge. Finally, a slot connects the two holes (Fig 1-5). A rounded drill is first used to mark the implant anchoring zone on the maxillary crest at the first molar level. Then, a 2.9-mm drill is introduced, directly visualized through the preprepared sinus slot, and aimed superiorly toward the junction of the lateral orbital rim and zygomatic arch. In the same way, a pilot drill and a 3.5-mm twist drill are directed through the center of the sinus slot. The correct depth of the preparation is again confirmed using an implant depth gauge, and the appropriate length of implant is selected.
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FIG 1-5 Intraoperative photograph showing the slot technique. Note that the fit of the groove with the implant itself is not optimal because the groove is made before placing the implant. (Courtesy of Dr M. Peñarrocha.)





The results


Despite the lack of data, the use of the sinus slot technique was reported by Peñarrocha et al.18 Just five patients were followed, requiring 10 zygomatic implants, 2 pterygoid implants, and 16 standard implants. Zygomatic implants could not be placed at the alveolar ridge position in 2 of the 10 sites, thus requiring palatal displacement. Follow-up lasted between 12 and 18 months, during which the remaining implants and prostheses on all patients remained stable and in function.


Although the slot technique represents an improvement in prosthesis design and minimizes the antrostomy, the method is not without drawbacks. The authors did not provide any specific criteria for adopting variations within this process to avoid, for example, oroantral communication caused by penetrating the sinus through an alveolar ridge that is too thin. Nor did they define the path of the implant for different anatomical situations. Because the slot antrostomy is performed before implant placement, it does not always match the shape of the implant. For the same reason, the slot may not be necessary in the presence of considerable concavities in the maxillary wall. In other words, the ability to seal the maxillary wall with the implant is limited.


The extrasinus/externalized approach


The next step in the evolution of the original technique occurred when Aparicio’s group presented a 1-year follow-up of a new technique for zygomatic implant placement at the 2005 EuroPerio meeting. This new technique, indicated in cases of maxillary wall concavity, used an external approach to the maxilla to place zygomatic implants (Fig 1-6). The 1-year study for this new technique was first published in the English literature by Aparicio’s group in 2006.19 Migliorança et al, also in 2006, described a similar approach in Portuguese, which they called the externalized technique.20 In this approach, priority is given to the fabrication of anatomical prostheses so the entry of the implant occurs in the maxillary ridge. Depending on the concavity of the anterior wall, the implant will have a more-or-less aerial path. By placing the implants partially outside the wall, sinus perforation at the crestal level is avoided, and the need for a window antrostomy or the creation of a slot before surgery is eliminated. Moreover, according to Corvello et al, this technique achieves greater implant contact at the zygomatic bone level21 (Fig 1-7). This approach has fewer surgical steps, is less invasive, is more precise (because the osteotomy fully matches the shape of the implant), minimizes operating and recovery time, and can be used with anatomical prostheses without overhang because the implant emerges directly from the alveolar ridge.
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FIG 1-6 Radiographic section showing the concavity of the anterior maxillary wall. The white arrow indicates the partially extramaxillary path proposed for the implant.
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FIG 1-7 Illustrated representation of the work of Corvello et al.21 Superimpositions on the tomographic slice showing two possible implant paths: (a) The implant is placed according to the original technique. (b) The implant is placed according to the externalized technique. The red arrows indicate the different lengths of osseous contact at the zygomatic level achieved by both techniques.





The process


According to Aparicio, the key indication for using the extrasinus or exteriorized technique is buccal concavities in the lateral wall of the maxillary sinuses. The situation initially described for the use of the exteriorized technique is equivalent to the later so-called ZAGA Type 3. The rationale for this process is to avoid perforation of the sinuses in a position close to the crest, thus preventing infectious sinus complications. The extrasinus technique also allows placement of the implant head close to the top of the alveolar ridge in this type of anatomy. A slightly palatal crestal incision is used together with releasing incisions in the areas of the tuberosities and at the level of the anterior nasal spine. After raising an extensive flap that includes separation of the periosteum at the superior angle formed by the temporal and frontal processes of the zygoma, drilling is performed from the palatal side of the remaining alveolar bony ridge toward the zygomatic arch. Thus, there is no need to prepare a window or slot in the maxillary sinuses, and the integrity of the sinus membrane is preserved (Fig 1-8).
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FIG 1-8 Intraoperative image showing two zygomatic implants placed in the presence of a concave maxillary wall without removal of the alveolar bone remnants, according to the externalized technique proposed by Aparicio et al in 2008.22





The results


In a 3-year prospective study first published online in 2008,22 Aparicio et al reported the results of placing 36 zygomatic implants in an extrasinus position in a total of 20 consecutive patients recruited between October 2004 and October 2005. The minimum follow-up was at least 3 years. As in the original technique, Nobel Biocare zygomatic implants with turned threads were used.


The study reported good stability, individually measured, of the 36 implants placed. No signs of maxillary sinus infection were detected, and no soft tissue dehiscence was reported during the 3-year follow-up period. In addition, the extrasinus technique resulted in better positioning of the zygomatic implant head closer to the maxillary alveolar bony ridge.


One of the concerns with this new technique was the long-term effect of the exposed threads placed directly next to the soft tissues on the lateral aspect of the zygomatic implants. However, all patients had healthy mucosal coverage. One explanation can be found in the fact that this technique was used in patients with concave maxillary lateral walls (ZAGA Type 3) and the alveolar bone around the implant was preserved. This remnant of alveolar bone provides an anchorage zone for soft tissue connective fibers that prevents posterior dehiscence.


In 2011, Migliorança et al retrospectively reported the results of 75 patients treated with conventional implants and 150 zygomatic implants, all placed external to the maxillary sinuses.23 To place the implants, a supracrestal incision joining both tuberosities was made, along with two vertical releasing incisions. A mucoperiosteal flap was reflected, and osteotomies for the zygomatic implants were initiated using a round bur, which penetrated the residual ridge near its superior aspect from the palatal side. This, in turn, transfixed the ridge and emerged from the buccal side external to the maxillary sinuses until reaching the zygomatic bone without the creation of a preliminary sulcus or window in the anterior maxillary wall.


The authors evaluated clinical conditions at all follow-up appointments every 3 months during the first year and semiannually thereafter. Patients were examined via periodontal probing, radiographs, and intraoral and extraoral photographs. For biofilm control, all patients were instructed to use interdental brushes, dental floss, and an oral hygiene system based on twice-daily, high-pressure water spraying.


The study does not provide information on dropouts, but it is reported that all implants were followed up for at least 1 year. The survival rate was estimated at 98.7%. Despite the systematic use of pressurized water that could eventually damage the hemidesmosomes of the implant with the soft tissue, only two implants showed mild soft tissue dehiscence with no inflammation. Although not specified in the paper, the exteriorized technique thus described would be conservative only with respect to the integrity of the near-ridge sinus membrane. In other words, in cases where the maxillary wall is concave, the amount of remaining alveolar bone allows it to be penetrated without direct perforation of the sinus membrane. Yet as shown in the case photographs from Migliorança et al, when the maxillary wall is not concave, perforation of the sinus membrane near the crest and the consequent risk of sinus complication is possible with this method. However, no oroantral fistulas or sinus infections were described in any patient.


The extramaxillary approach


In 2008, Maló et al introduced a double modification to the extrasinus/exteriorized approach, which they called the extramaxillary technique.24 First, the indication for this technique is universal, not for use only in maxillae with a concavity in the anterior wall but for all patients. Second, the extramaxillary technique prescribes the systematic reduction of the residual alveolar bone to achieve exclusive anchorage in the zygomatic bone. When the wall of the maxillary sinus was convex, the membrane was inevitably perforated because it was in the direction of the drill. Of the 18 patients who underwent 1-year follow-up, 4 had a sinus infection (22% sinusitis if dropouts are taken into account).


In an extension of the study in 2012, and following the extramaxillary modification, Maló et al retrospectively reported on the 3-year follow-up of 5-mm-diameter zygomatic implants placed in 39 consecutive patients between January 2006 and October 2009.25 Emulating the initial pilot study protocol, the maxillary bone was prepared to allow direct drill access to the inferior zygomatic border but was not used to anchor the extramaxillary implant. No dropout data is given, but a reported six patients experienced sinus complications (18%).


In an extension of previous studies, Maló’s group reported a 6-month to 7-year follow-up of the extramaxillary technique in a study originally published online in 2013.26 This time, 352 consecutive patients were followed from January 2006 to July 2012. The increase of patients reported in the literature at this time was remarkable: from 39 patients between January 2006 and October 2009 (3 years and 10 months) to 352 patients in July 2012 (313 new patients in 2 years and 9 months). This new study reported better long-term outcomes with respect to sinus infections (8%) compared to previous work (18% to 22%).


Although the decrease in sinus infections is not explained, a possible interpretation of this improvement is found in the use of methodologic variations. One example is the introduction of the channel osteotomy, as used with other techniques, to avoid damaging the sinus membrane during implant placement. Another possibility for the improvement in sinus health could be the abandonment of alveolar ridge bone recontouring, which was prescribed in the beginning. Additionally, the exclusive use of 5-mm-diameter zygomatic implants was abandoned in the last studies.


According to the surgical protocol described by Maló’s group, the extramaxillary implants achieved zygomatic anchorage without mandatory alveolar contact. This approach may have affected the distribution of functional forces. As Freedman et al stated in 2015, occlusal stresses are higher in models with zygomatic anchorage and no alveolar support.27 In addition, due to the larger implant diameter (5 mm) used in the Maló studies, the space for implant placement is reduced. Implants with a wide diameter tend to be positioned parallel to one another instead of converging apically, which considerably increases the anteroposterior (AP) overhangs (Fig 1-9). These two facts could explain the high incidence of mechanical problems found in 156 patients (44%) in the Maló et al study.26 Despite the placement of implants outside the maxilla, however, none of these cited studies reported complications related to soft tissue dehiscence or recession around zygomatic implants.
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FIG 1-9 (a) The apical convergence of narrow implants. (b)The relation between implant diameter, zygoma size, and the possibility of achieving a good AP distribution of forces. The larger the implant diameter, the greater the bone destruction and the more parallel the placement will have to be, resulting in worse AP distribution with longer cantilevers.





The ZAGA Concept


The concept of the zygoma anatomy-guided approach (ZAGA) was described by Aparicio as a refinement of his extrasinus technique. This technique represents the natural evolution of the original Brånemark technique and the slot and extrasinus approaches summarized in Fig 1-10.
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FIG 1-10 Graphic representation of the advantages and disadvantages of the three techniques described so far. Three different implant paths can be used to treat the same patient via either the original (red), slot (yellow), or extrasinus (gray) technique.





Prior to the ZAGA concept, techniques for placing zygomatic implants offered a universal application for all patients. The ZAGA concept differs in that it seeks to provide patient-specific treatment. With this technique, multiple treatment factors can be varied between patients: the type of incision depending on the gingival phenotype and amount of soft tissue, the surgical protocol for positioning and design of the osteotomy, the type of drilling with a lateral or perpendicular cut depending on the type of osteotomy projected, the procedures and recommendations to better preserve the bone and soft tissue in the zygomatic implant critical zone (ZICZ), different instruments such as drills used to facilitate the surgery, and even the choice of implant for each site. In other words, instead of forcing the patient’s anatomy to adapt to a particular process and/or implant, the ZAGA concept is used to select strategies and tools that will complement the patient’s anatomy. The placement of each zygomatic implant is guided by an anatomical and prosthetic approach with a set of well-defined criteria to assist the clinician in decision-making. This is achieved when the clinician appreciates both interindividual and intraindividual anatomical differences.


Following specific prosthetic, biomechanical, and anatomical criteria, the following chapters describe the most suitable places to position the entry or first contact of the implant with the alveolar ridge, the zygomatic entry point, and/or the antrostomy site. The ideal implant trajectory based on the vertical and horizontal resorption of the alveolar/basal process, the curvature of the anterior maxillary wall, and the architecture of the zygomatic bone are also described. Ultimately, understanding the ZAGA concept helps the clinician make better use of the available crestal and maxillary wall bone. The ZAGA concept can also be used to achieve better soft tissue control for predictable coverage of zygomatic implants compared to an exclusively extramaxillary technique. In this way, the implant will have an intrasinus path when the alveolar bone remnant, evaluated according to the ZAGA protocol, is considered sufficient to be crossed and preserved in a predictable way. In other cases, when the amount of bone forming the floor of the nose or maxillary sinus is classified as insufficient, the implant will have an extrasinus path. The ZAGA anatomical evaluation also takes into account other intermediate anatomies, where the implant will have a more-or-less externalized path (Fig 1-11).
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FIG 1-11 From top to bottom, the figure shows first the ZAGA classification of the different types of anatomy found in the path of the posterior zygomatic implant. Next, we find the different types of paths that the implant can adopt according to the anatomy found. The lower portion shows the recommended implant design according to the type of osteotomy chosen, whether tunnel or channel.







Case Studies


The following cases illustrate the application of the ZAGA concept in patient-specific scenarios.





Case 1




    Case 1 illustrates a completely edentulous patient indicated to receive four zygomatic implants and a fixed restoration with immediate loading. The clinical and radiologic photographs illustrate two different ways of designing the osteotomy specifically adapted to the patient’s anatomy according to the ZAGA concept. The location of the anterior implant makes it possible to take advantage of part of the residual bone crest, helping to prevent complications. There is less residual bone in the more distal implant location, so the osteotomy was moved to the maxillary external area. Note that in addition to two different osteotomy patterns, different implant designs were used. The anterior implant (Straumann ZAGA Round) has a round section with threads in its neck to maintain the residual bone around it. The posterior implant (Straumann ZAGA Flat) has a circumferential arch section, and its neck has microthreads only in the part that will contact the bone. Comparing the preoperative radiographs with those taken upon delivery of the final prosthesis, the sinus response is positive.




[image: ]


    Case 1(1) Virtual planning for the left anterior implant. (2) Virtual planning for the left posterior implant. (3) Process of marking the ZAGA zones (white circles; see chapter 3). This marking is essential so that the surgeon can know and remember the path of the implants during the surgery. (4) A round bur is used to cut through the thin alveolar ridge. Once on the buccal side, it will be used to carve a canal from the vestibular alveolar outlet (white circle) to the sinus entrance. (5) A twist drill is used to complete the zygomatic osteotomy. The osteotomy goes through the alveolar bone (white circle). >>
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Case 1 cont. (6) In the posterior zone, the osteotomy is prepared in the external zone to avoid perforation of the sinus membrane at that level. The osteotomies thus prepared are considered minimally invasive because only the bone necessary to place the implant is removed. (7) Following the round bur, a 2.9-mm-diameter twist drill was used to complete the drilling. Abundant irrigation of both the bone and the drill with cold saline is mandatory. (8) Two osteotomies have been performed according to the minimally invasive ZAGA concept using only a round bur and a twist drill. Next, a drill with multiple helical blades and an inactive tip is used to widen the entry and accommodate the implant neck without fracturing the remaining alveolar bone. (9) Insertion of a Straumann ZAGA Flat zygomatic implant in the second premolar area. (10) The posterior implant was placed first, followed by the anterior implant. The final positions of the implants are oriented according to the prosthetic emergence. (11) The two implants are in place. The white circles highlight the differences in design and location of the osteotomies. (12) Control CBCT slice taken before delivery of the final prosthesis. The DTX Studio Implant software shows the position of the anterior left implant and its path. If we compare this slice with 1, we can see that the health status of the sinus has been maintained. (13) Control CBCT slice taken before delivery of the final prosthesis. The DTX Studio Implant software shows the position of the posterior left implant and its path. If we compare this CBCT with 2, we can see that the health status of the sinus has been maintained.





Case 2


    

This second clinical case illustrates a third variation in the design and location of a minimally invasive osteotomy according to the ZAGA concept (Case 2). This is a patient with missing premolars and molars with numerous bone defects after tooth extractions. In this case, the placement of four standard implants was indicated in the anterior sector along with two zygomatic implants. This was followed by a fixed restoration with immediate loading. As in the first case, the location of the implants makes it possible to take advantage of part of the residual bony ridge. This, as explained in later chapters, helps to avoid complications and should be the first choice of placement under the right conditions. Once again, the surgeon makes an effort to be minimally invasive in this case, manifested in two patterns: (1) No preliminary osteotomy or antrostomy in the form of a window or slot was performed, and (2) only special osseocondensation drills were used in order to minimize bone removal at the alveolar level and facilitate osseointegration of the implant.
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    Case 2 (1) Radiographic section showing the virtual planning for the implant in the right premolar position. After a study of the architecture and measurement of the residual ridge, a ZAGA 0 osteotomy was decided. The antrostomy will be placed just across the sinus floor. (2) A Versah drill from the pilot study for the development of zygomatic drills, rotating counterclockwise. Because the remaining alveolar bone is minimal in width and height, it was decided to optimize its use by moving it laterally according to the osteocondensation drilling technique. (3) Another Versah drill with a larger diameter, also from the initial development group, is used to complete the osteocondensation of the ridge. (4) The circular ZAGA tunnel osteotomy was completed by condensing the alveolar bone with Versah drills. The yellow circle highlights the characteristic white color of the osseocondensed area. Note the outer line drawn on the maxillary wall that serves as a guide for drilling.>>
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Case 2 cont. (5) A Straumann ZAGA Round implant is used to close the circular section tunnel osteotomy. (6) After studying the measurements and architecture of the maxillary bone, the anatomy is classified as ZAGA 0. Note that only one and not two osteotomies is performed prior to implant placement. Therefore, no bone was removed from the maxillary wall to “see” the drill path, either in the form of a window or a slot. Only the minimally invasive osteotomy necessary for implant placement was performed. The image shows the hexagonal platform of the Straumann ZAGA Round implant. (7) On the left, a CBCT slice shows the planned path for the zygomatic implant in the position of the right second premolar. Measurement of the remaining alveolar bone revealed more than 4 mm in height in this oblique section. Therefore, it was decided to place the implant through the alveolar bone and stabilize it in the zygoma. On the right, the final position of the implant can be seen. In this ZAGA 0 case, the maxilla has not been opened in its anterior part. Note the transparency of the sinus 1 year after the placement of the Straumann ZAGA Round implant.







Initial Results of the ZAGA Concept


In 2014, Aparicio et al presented the long-term results of a comparative study between a group of patients treated with the original technique (control group) and another treated according to the ZAGA concept (test group).28 The study included data on survival rate, implant stability, sinus conditions, prosthesis design, and soft tissue sealing. The original control group consisted of 22 consecutive patients rehabilitated with zygomatic implants using the original technique, all with at least 10 years of follow-up. The test group consisted of 80 consecutive patients rehabilitated with zygomatic implants according to the ZAGA concept. The observation period of the patients treated according to the ZAGA philosophy lasted from January 2004 to October 2009, with a mean follow-up of 4.62 years. All patients in the ZAGA group had at least 3 years of prospective follow-up. Both groups participated in a free maintenance program that included two annual visits. Remarkably, the same type of Nobel Biocare zygomatic implant, made of titanium with a threaded surface obtained by turning a grade 4 titanium bar, was used in both groups.


All patients were contacted for a final radiologic and clinical evaluation including a CBCT and were also invited to answer two specific questionnaires to evaluate the clinical status of their sinuses and their degree of satisfaction with the treatment received.


Within the limits of the study, the results presented by Aparicio et al showed that the procedures obtained similar results in terms of long-term implant survival. However, the ZAGA concept had several advantages over the original technique: Rehabilitation was immediate (in less than 48 hours), the risk of sinus pathology was minimized (76% of ZAGA patients had negative Lund-Mackay and Lanza-Kennedy tests compared to 54% of those treated with the original technique), and finally, the prostheses were less bulky, more comfortable, and easier to clean. The main points to remember when performing a ZAGA procedure are summarized in Box 1-1.




Box 1-1 >> Fundamental principles of the ZAGA concept


1. Maximize bone-to-implant contact (BIC) along the entire length of the implant, especially in the area where the implant first contacts the alveolar bone and in the zygomatic anchorage zone and, if possible, in the medial zone. Maximizing BIC effectively contributes to the initial stability of the implant and the achievement of a bony seal of the antral cavity. This, in turn, facilitates immediate loading of the implant and decreases the possibility of micromovement that would facilitate the creation of fistulas and sinus contamination or cellulitis that could extend into the orbit.


2. Maximize implant stabilization in the zygomatic area by following criteria for the appropriate number and design of implants. It is the anatomy of the zygomatic bone that should guide the precise preparation of the four cortices through which the implants are inserted.


3. ZAGA criteria should be used to prevent intraoperative complications, such as zygomatic bone fracture and lack of sufficient anchorage, and late complications, such as bone or sinus infection, oroantral communication, and soft tissue dehiscence.





Conclusion


Rehabilitation techniques for the atrophic maxilla using zygoma-supported prostheses have come a long way in the past 3 decades. The ZAGA concept, with its approach fully focused on achieving predictable and durable individualized rehabilitation, truly honors the Brånemark legacy. A long-term observation period is mandatory for any new technique, however, and even more so with this technique. An understanding of the ZAGA concept should be thoroughly developed and clinical experience gained before variations are introduced. From there, a minimum of 3 years should be allowed for comparative observation of the advantages or disadvantages of subsequent modification because complications, especially late ones, will be very difficult or impossible to resolve. The ZAGA concept aims to overcome the pitfalls of earlier approaches by standardizing surgical procedures and providing clinicians with the rationale to determine the ideal zygomatic implant position in every case.
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Biomechanics of Tilted Implants


John B. Brunski


Carlos Aparicio





“It may seem obvious that questions about strength and flexibility and toughness are relevant in medicine and in zoology and botany, yet for a long time both doctors and biologists resisted all such ideas with considerable success and with the whole force of their emotions. Of course, it is partly a matter of temperament and partly a matter of language, and perhaps a dislike and fear of the mathematical concepts of the engineer may have had something to do with the matter. Too often biologists simply cannot bring themselves to make a sufficiently serious study of the structural aspects of their problems. Yet there can be no reason to assume that, while Nature uses methods of infinite subtlety in her chemistry and her control mechanisms, her structural approach should be a crude one.1”


—J.E. Gordon


The goal of any treatment with zygomatic implants is to fully restore both the masticatory function and oral esthetics of a patient with an atrophic maxilla, utilizing safe and predictable procedures. Fortunately, cumulative experience from approximately three decades of placing zygomatic implants has produced a greater understanding of the combined clinical and biomechanical issues involved in successful implant treatment. Of course, the clinical challenges faced in rehabilitating an edentulous patient can be considerable: Functional and parafunctional patient behaviors, changes in morphologic face height and cosmetics, and considerations for structural support are just some of the factors that clinicians need to plan for. And while the precise performance of the surgical procedure is crucial for the safe and secure oral rehabilitation of a patient, so too is the biomechanical design of the prosthesis. In every dental implant case, the clinician needs to know the following:


◆ The diameter, length, material, and overall design of the implant(s)


◆ How many implants will be used and where they will be placed


◆ The mechanical and biologic properties of the bone


◆ The size, shape, and material of the prosthesis supported by the implants


◆ How the patient will load the prosthesis and its supporting implants


Throughout this chapter, the reader will encounter terms such as force, stress, strain, material properties, and failure. The online appendix to this chapter provides a refresher on the meaning of these terms and their significance.
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Treatment Design and Biomechanics


When rationalizing the study of oral implant biomechanics, it can be helpful to compare a clinician planning oral implant treatment to an architect or structural engineer planning a bridge or building. In both cases, the goal is to construct a mechanically stable, long-lasting foundation and structure that will withstand the loads it is anticipated to bear. To achieve this goal, one must appreciate that “the concept of failure is central to the design process, and it is by thinking in terms of obviating failure that successful designs are achieved.”2 Seemingly disparate projects like restoring a patient’s dentition with implants and constructing an office building actually have a lot in common—they are both accomplished via the design process. Criteria for successful structural design, as laid out by computer scientist Jack Mostow, are listed in Box 2-1.




Box 2-1 >> Criteria for the successful design of built structures2


• Satisfies given functional specifications


• Conforms to the limitations of the relevant technology


• Meets implicit or explicit performance requirements


• Satisfies implicit or explicit criteria on the form of the artifact* (eg, style, simplicity, reliability, reusability, etc)


• Satisfies restrictions on the design process itself (eg, the time available for the work to be done, cost limitations, availability of necessary tools, etc)


*Here the term “artifact” is a placeholder for the thing that is being designed. In civil and mechanical engineering, the artifact could be a suspension bridge over a river. In dentistry, it could be an All-on-4 prosthesis supported by dental implants.





In any case, when it comes to the specific task of designing a structure that resists mechanical failure, major effort should be expended to calculate the stresses and strains that will develop in the various parts of the structure, whether those parts are trusses and beams in a building or implants and bone. The anticipated stresses and strains are then compared to the stress-strain limits of the building materials that make up the structure.


The design process


Principles of structural design


The typical activities involved in designing against mechanical failure can be summarized in the following three steps:


1.Given the geometry of the envisioned foundation and structure, consider how the foundation will be fixed in place and how the structure will be loaded by external forces and moments.


2.Calculate how the applied external forces and moments on the structure will produce stresses and strains in the relevant materials making up the structure and its foundation. This step will involve some type of stress or strain analysis, which will require input data such as the relevant geometry, constraints, and applied loads considered in step 1.


3.Based on the output from the stress-strain analyses in step 2, the design team compares the predicted structural stress and strain loads with the failure limits of each material to determine if the computed stresses and strains exceed limits such as ultimate tensile strength, fatigue strength, yield strength, and ultimate strain. In the context of this final step, it is important to appreciate that although failure limits for common building materials are well known, this is not often the case when it comes to oral implants placed in bone. Depending on the information learned in step 3, the design team may decide to modify or redesign the foundation or structure to keep the stresses and strains below the failure limits.


Designing an oral framework


Each of these basic steps for designing against mechanical failure is relevant and applicable to oral implant dentistry. The process can be adapted as follows:


For step 1, several methods are available that allow clinicians to obtain geometric data about the jaw, implants, and planned prosthesis (eg, impressions, intraoral scans, radiographs, CT scans, digital case planning tools, etc). When it comes to masticatory loading, unfortunately, it’s not as easy to obtain patient-specific data. On the one hand, a good deal is known about bite forces. On the other, it is difficult to determine how bite forces will be carried by one or more of the implants that support a prosthesis in a partially or fully edentulous patient. If, for example, a bite force of 100 lb is applied at some location in a full-arch prosthesis supported by four implants, it does not follow that the loading on each one of the implants will be 25 lb. The reasons for this somewhat non-intuitive result are discussed later in the chapter. For now, suffice it to say that solving this problem involves the consideration of several factors, including the ones listed in Box 2-2. Although a clinician cannot know the exact bite forces in a given patient without taking direct measurements of the chewing forces (not a common practice), ample literature provides the typical vertical and lateral bite force values in the human mouth. For instance, maximal vertical bite forces can reach about 500 N (~112 lb) in the region of the canines, 600 N (~135 lb) in the region of the premolars, and 800 N (~180 lb) in the region of the molars.3–7 Meanwhile, typical values for laterally directed bite forces on teeth are less than those for axial forces (eg, in the order of 50 N).




Box 2-2 >> Factors affecting masticatory load distribution


• Number of implants supporting the prosthesis


• Positioning of the implants in the mouth


• “Stiffness” of the implants in the bone


• Materials used to make the prosthesis


• Where the bite force(s) is/are applied to the prosthesis





In steps 2 and 3, the work becomes more complicated. The information from step 1 must be used to calculate the values of the stresses and strains the prosthesis will undergo, and then the predicted stresses and strains are compared with the failure limits of the materials involved. Accomplishing this work is difficult with implants and bone because of two major challenges.


First, the various methods available for performing stress-strain analyses can only provide results as accurate as the input data about the geometry, applied loads, and mechanical properties of bone tissue around the implants. As previously noted, the dental implant field has methods for obtaining reliable geometric input data, and there is a useful body of data on the mechanical properties of implant materials (eg, titanium) and prosthetic materials (eg, acrylic, zirconia).8 But it is difficult to obtain accurate stress-strain relationship information for peri-implant bone. While ample data exists on the stress-strain relationship for bone tissue as it exists in various regions of the human skeleton,9 only sparse data exist about the stress-strain relationship for bone tissue as it exists in various locations in the human jaw and at the intimate bone-implant interface (ie, within the first few millimeters of bone around an implant).10 Moreover, the properties of peri-implant bone depend on factors such as patient age and health and the length of time after implantation. Although clinical measurements of implant insertion torque and implant stability tests provide some clues,11–13 single readings using any of the techniques are of limited clinical value. The prognostic value of resonance frequency analysis (RFA) tests and Periotest techniques in determining whether implants are stable enough to be loaded has yet to be established in prospective clinical studies.14,15 Thus, when interpreting results from multiple stress-strain analyses of dental implants and bone that have been conducted using methods such as finite element (FE) analysis, it’s worth remembering that the assumed input data on the stress-strain law for bone is a major limitation.


A second challenge in executing steps 2 and 3 relates back to defining the surgical and restorative protocols required to ensure that secondary stability (osseointegration) will predictably occur. As a reminder, a “standard” dental implant is considered to be osseointegrated if “it provides a stable and apparently immobile support of a prosthesis under functional loads without pain, inflammation, or loosening … [with] no progressive relative motion between the implant and surrounding living bone and marrow under functional levels and types of loading for the entire life of the patient.”16


However, varying degrees of mobility without other associated signs such as pain or rotation may be acceptable when testing individual zygomatic implants.17 This mobility is due to three reasons: (1) Zygomatic implants range in length from 30 to 60 mm, with diameters ranging from 3.4 to 5 mm; (2) the zygomatic bone varies greatly between patients with respect to thickness and quality; and (3) implant placement varies. For example, occasionally the application of nonaxial forces to a zygomatic implant placed external to the maxillary bone and anchored remotely in zygomatic bone of compromised quality/quantity can produce a slight movement without necessarily being associated with clinical symptoms or a pathologic sign. This movement is explained by the bone’s modulus of elasticity to counteract the lateral force exerted remotely on the head of a long implant subjected to bending stress. In the absence of other symptoms such as rotation or pain, this movement should not be considered a complication and should disappear with the addition of a rigid, passive-fitting superstructure splinting the mobile implant to the rest of the implants.


To attain osseointegration, both standard and zygomatic implants must be mechanically stable in bone during the early period of bone healing at the implant site (ie, with “no progressive relative motion between the implant and surrounding living bone and marrow”17). This statement, however, raises two questions. First: How does one control the “relative motion” (micromovement) between implants and the surrounding bone? And second: How much relative motion is tolerable?


The answer to the first question is that virtually all modern implant systems achieve immediate postoperative implant stability (ie, minimization of micromovement) by creating interdigitation between implant threads and bone via the basic principles of screw mechanics.18,19 Threaded dental implants are installed into prepared osteotomies with careful attention to variables including drill speed, irrigation, osteotomy and implant diameter fit, implant design (eg, cylindrical, tapered), bone quality, and the magnitude of insertion torque.20 This implantation procedure does not, however, completely eliminate the possibility of relative motion because a freshly installed screw-shaped implant is not bonded to the bone in the site. To achieve initial implant stability for immediate prosthesis function, implants are also splinted by means of a rigid superstructure. Still, because screw-shaped implants are typically made of metal or ceramic with an elastic modulus at least 10 times greater than that of bone, some degree of motion between a loaded implant and the surrounding living bone and marrow is likely.21 The amount of relative motion depends on factors such as the size and direction of the load applied to the implant, properties of the bone, and the size and shape of the implant.


How much relative motion is tolerable is still being researched,22,23 although a crude rule of thumb is that the relative motion of an implant in its bony site should be less than about 150 microns.24,25 This approximate threshold is based on studies indicating that motion above this level prevents osseointegration because peri-implant fibrous tissue develops instead of bone. The detailed mechanobiologic explanation of how this occurs is discussed in more detail in the literature,26 but the lesson is this: If osseointegration is desired, keep the implant’s micromovement to below about 150 microns.


The foregoing steps set the stage for a discussion of the anatomical and biomechanical factors involved in using zygomatic implants in a variety of situations.


Anatomical Considerations for Tilted Implants


Aparicio et al defined a tilted implant as an implant “placed with more than 15 degrees of deviation from the perpendicular to the occlusal plane.”14 From the outset, the consideration of using tilted implants such as zygomatic implants arises from anatomical concerns. When a patient experiences an extended period of edentulism, their ability to function with a full-arch dental prosthesis declines. Changes to the maxillofacial alveolar bone as it resorbs cause the prosthesis to lose retention.27,28 Contemporary literature has described the use of tilted implants to avoid maxillary bone grafting in patients with advanced maxillary resorption and patients who present with residual alveolar bone in the anterior maxilla and premolar region (Fig 2-1).29,30 Multiple authors have reported success rates with zygomatic tilted implants ranging from 94% to 100%.14,31–36
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FIG 2-1 Panoramic radiograph showing the use of tilted implants to anchor two posterior restorations.





While radiographic evaluation is crucial as part of the planning process, understanding the maxillary zones and adapting an implant design to fit the anatomy is key to achieving patient satisfaction and clinical excellence. The maxilla can be divided into four zones to facilitate interpretation:37 (1) the anterior maxilla, (2) the premolar zone, (3) the molar zone, and (4) the tuberosity-pterygoid zone. In addition, four different anatomical situations (or cases) may occur depending on the distribution of maxillary atrophy. Case A represents patients with sufficient bone in zone 1 and little to no bone volume in zones 2 and 3; these patients would benefit from posterior zygomatic-supported restorations along with two or four implants in the anterior maxilla (Fig 2-2). An alternative treatment to consider would be sinus grafting with standard implants in the anterior maxilla. Case B patients have sufficient bone in zones 2 and 3 and would benefit from the placement of anterior zygomatic-supported restorations along with standard posterior implants (Fig 2-3). Patients with Case C advanced maxillary resorption present with absent or insufficient alveolar bone in zones 1, 2, and 3 and require a quadruple zygomatic implant restoration (Fig 2-4). Case D includes situations where pterygoid implants can be considered in conjunction with a single zygomatic implant and an anterior implant (eg, an in-vomer implant). Additional posterior prosthodontic support may also be required if adequate primary stability of the posterior zygomatic implants is not achieved or in cases of a partial posterior rehabilitation (Fig 2-5).
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FIG 2-2 (a) Oblique CBCT slice showing extreme maxillary resorption in zones 2 and 3 of the maxilla. (b) The same patient treated with four anterior standard implants and two posterior Straumann ZAGA Flat implants. (c) Note that the transparency of both maxillary sinuses has been preserved.
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FIG 2-3 (a) A panoramic section of a CBCT showing a single molar and the absence of the rest of the maxillary dentition. There is also anterior loss of bone height in a “step” shape. (b and c) Two orthoradial tomographic slices of the anterosuperior crest corresponding to the area of the white circles in a. (d) Panoramic view of the maxillary restoration fabricated and anchored anteriorly to two zygomatic implants. (e) Intraoperative occlusal view of the implants in place. Note the correction of the anterior cantilever that occurs with the placement of the zygomatic implants.
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Fig 2-4 (a) The four oblique CBCT slices show the anatomy of the area planned for four zygomatic implants. Note the extreme maxillary and zygomatic bone atrophy. (b) Occlusal clinical view showing the resolution of the case with the placement of four Straumann zygomatic implants, ZAGA Round implants in the anterior maxilla and Straumann ZAGA Flats in the posterior. Note the precision of the osteotomies. This is because only one osteotomy was performed to accommodate each implant, with no prior slot or window osteotomy. Only the bone necessary to place the implants was removed. (c) CBCT slices taken 3 years after the surgery. This type of tomographic slice is obtained by superimposing a virtual implant onto the placed implant to compare the situation after surgery with the previous one. Here, complete transparency of the sinuses and ostium has been maintained.
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FIG 2-5 (a) Panoramic radiograph representing the initial situation of a patient with moderate atrophy in zone 2 and advanced atrophy in zone 3. The patient had a poorly fitting fixed prosthesis. (b) Clinical status prior to treatment. It was decided to preserve the natural dentition via periodontal treatment, with new conservative crowns on the anterior teeth and two implant-supported partial dentures in the posterior areas. To achieve tripodization, three implants (one standard, one zygomatic, and one pterygoid) were placed on each side. (c) Occlusal view of the ceramic restoration. According to the ZAGA protocol, the implants follow a prosthetically guided path. (d) Panoramic radiograph showing the final situation. (e) Tomographic slices showing how the transparency of the maxillary sinuses has been maintained. (f) Esthetic result of the restoration.







Biomechanical Considerations for Tilted Implants


When any prosthesis is loaded with masticatory forces, its supporting implants and the surrounding bone are also loaded. Mechanical principles dictate that these loading forces will produce resisting forces inside the materials involved, and these internal resisting forces relate to stress. Likewise, stress in a material also causes deformation, or strain. As a general rule, the greater the magnitude of stress and strain there is in a material, the higher the risk of failure. In this context, the following examples are not meant to provide absolute numerical limits for the forces on implants and/or stresses and strains in the bone. Instead, they are intended mainly as illustrations of key factors that a clinician should consider when contemplating how loading of the prosthesis influences what happens in all parts of the system, including crowns, partial dentures, implants, and peri-implant bone.

OEBPS/Images/p0009-01.jpg





OEBPS/Images/p0007.jpg





OEBPS/Images/p0010.jpg
Type O Type 1
A ( d
ZAGA classification
ZAGA concept patient-
specific therapy

e
et

Straumann ZAGA site-
specific implants

ZAGA Round

ZAGA Round

ZAGA Round or
ZAGA Flat

ZAGA Round

ZAGA Flat






OEBPS/Images/p0009-02.jpg
al technique to the extrasinus technique

Intrasinus path, If concave wall:
palatal entrance bulky prostheses Sinus risk present

Intra-extra sinus path,

crestal entrance Regular prostheses Sinus risk present
" Re N
o Ny
N i |
¢ I ) /
Y i 0
s ] -
Possible soft
Extrasinus path Regular prostheses No sinus reaction tissue recession

Extrasinus
technique






OEBPS/Images/p0006-02.jpg





OEBPS/Images/p0006-01.jpg





OEBPS/Images/p0002.jpg





OEBPS/Images/p0003.jpg





OEBPS/Images/title.jpg
ADVANCED
ZYGOMATIC
IMPLANTS

The ZAGA Concept

International Teaching Scholar
Indiana University School of Dentistry
indianapolis, Indiana

Director
Zygomatic Surgery Department
Hepler Bone Clinic
Barcelona, Spain

Beijing| Istaniy





OEBPS/Images/p0005-02.jpg





OEBPS/Images/p0004.jpg





OEBPS/Images/p0005-01.jpg





OEBPS/Images/p0025.jpg
Right side anterior Left side anterior

Right side posterior - 5 ’ < - eft side posterior

a

Right side posterior

c






OEBPS/Images/p0024.jpg





OEBPS/Images/p0026.jpg





OEBPS/Images/p0020_qr.jpg





OEBPS/Images/p0023-02.jpg





OEBPS/Images/p0023-01.jpg





OEBPS/Images/cover.jpg
!

\

ADVANCED
ZYGOMATIC
IMPLANTS
The ZAGA Concept

CARLOS APARICIO, Mp, s, Msc, Msc, DLT, PhD

)





OEBPS/Images/p0013.jpg





OEBPS/Images/p0012.jpg





OEBPS/Images/p0015.jpg





OEBPS/Images/p0014.jpg





OEBPS/Images/pii-01.jpg





OEBPS/Images/pii-02.jpg
QUINTESSENCE PUBLISHING
USA





