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1. Introduction
Hard tissue defects resulting from trauma, infection, or tooth loss often lead to an unfavorable
anatomy of maxillary and mandibular alveolar processes. Dental implant placement in the
edentulous posterior maxilla can present difficulties because of a horizontal or vertical alveolar
ridge deficiency, unfavorable bone quality, or increased pneumatization of the maxillary sinus.
The posterior maxilla has been known as the most difficult and problematic intraoral area for
implant dentistry, requiring a maximum of attention for the achievement of successful surgery.
Both anatomical structures and mastication dynamics contribute to the long term survival rates
of endosseous dental implants in this region [1]. During the past 25 years, surgical procedures
have been developed to increase the local bone volume, thus enabling the placement of
implants [2]. The hard tissue augmentation techniques were separated into two anatomic sites,
the maxillary sinus and alveolar ridge. Within the alveolar ridge augmentation procedures,
different surgical approaches were developed and are currently used, including guided bone
regeneration, onlay grafting, distraction osteogenesis, ridge splitting, free and vascularized
autografts for discontinuity defects, and socket preservation. Among the variety of techniques
have been described, the three that are the most widely used in maxilla are lateral approach,
osteotome technique and ridge splitting [3].

2. Anatomy of the posterior maxilla
The maxillary sinus is a pyramid shaped cavity with an anterior wall corresponding to the
facial surface of the maxilla. The size of the sinus is minimal until the eruption of permanent
teeth. The average dimensions of the adult sinus are 2.5 to 3.5cm wide, 3.6 to 4.5 cm tall, and
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3.8 to 4.5 cm deep. The size of the sinus will increase with age after extraction of the maxillary
molar teeth. The extent of pneumatization varies from person to person and from side to side.
The inner walls of the maxillary sinus is lined with the sinus membrane, also known as the
Schneiderian membrane. This membrane consists of ciliated epithelium cells resting of the
basement membrane. It is continuous with, and connects to, the nasal epithelium through the
ostium in the middle meatus. The blood circulation to the maxillary sinus is primarily obtained
from the posterior superior alveolar artery and the infraorbital artery, both being branches of
the maxillary artery. Many anastomoses are occureed between these 2 arteries in the lateral
antral wall. Among these arteries, the posterior superior alveolary artery and the infra-orbital
artery also supply the buccal part of the maxillary sinus. However, because the blood supplies
to the maxillary sinus are from terminal branches of peripheral vessels, to avoid bleeding
complications, the branches of the maxillary artery should be taken into consideration. Nerve
supply to the sinus is derived from the superior alveolar branch of the maxillary division of
the trigeminal nerve [4].
The objective of sinus lift procedure is to compensate the bone loss by creating increased bone
volume in the maxillary sinus and thus permitting the installation of implants in the posterior
maxilla [4,5]. Membrane perforations and bleeding are procedure-related complications, seen
in lateral wall sinus approach [6]. Therefore, the anatomy of the area should be carefully
examined before surgical interventions.

3. Augmentation procedures
3.1. Vertical ridge augmentation
3.1.1. Sinus lifting procedure
Implant placement in the posterior maxilla is a challenging procedure when vertical deficien‐
cies are occured. Maxillary sinus elevation technique is a main surgical procedure which
permits to augment the sufficient bone volume in posterior maxilla in order to place implants.
To increase the amount of bone in the posterior maxilla, the sinus lift procedure, or subantral
augmentation, originally presented in 1977 and subsequently published in 1980 [4]. After
modifications of the surgical procedure, access was accomplished through the lateral wall of
the maxilla. It is preferable techniques to adjust the low residual bone height in the posterior
maxilla performed in two ways: A lateral window technique and an osteotome sinus floor
elevation technique and placing bone-graft material in the maxillary sinus to increase the
height and width of the available bone. Autogenic bone graft is often used in this method. The
bone usually seems to be harvested from the iliac crest, although several anatomic areas have
been used.
When the ridge bone height is more than 6 mm, the osteotome technique can be performed.
In that case, implant placement is usually carried out simultaneously with elevation of the
sinus floor.
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3.1.1.1. Lateral approach
Lateral approach is also known as lateral antrostomy which is a predictable technique to
increase vertically available bone volume of the edentulous posterior maxilla giving the
possibility to place osseointegrated implants. The sinus floor is elevated and it can be aug‐
mented with either autologous or xenogeneic bone grafts following an opening bone window
prepared on the facial buccal wall of the sinus.
The 2-step antrostomy is the treatment of choice when the residuel ridge bone height is less
than 4 mm. As part of this approach, the implants are usually placed after a healing period of
6 to 18 months following sinus floor elevation [7]. The 1-step antrostomy is applied when the
ridge bone height ranges from 4 to 6 mm. In this situation, implant placement is performed
simultaneously with sinus floor elevation.
With respect to the grafting procedure, several grafting materials have successfully been used
for elevating and stabilizing the sinus membrane: autogenous bone, allografts, xenografts and
combination of these materials. Sinus floor elevation by lateral antrostomy has provided good
implant survival rates, as reported in several studies. However, it is a demanding surgical
procedure and is quite invasive. The 1-step antrostomy, in which implants are placed during
the same surgical visit as elevation of sinus floor is performed, is similar to the 2-step technique
with regard to advantages and disadvantages. The most important difference is that less time
elapses before initiation of prosthetic therapy [7,8].

Figure 1. (a) Panoramic image before sinus augmentation procedure (b) Cone beam computerized image of the residu‐
al alveolar bone
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Figure 2. (a) Preparation of the bony window with a round bur (b) Medial rotation of the bone flap, elevation of the
mucosa of the maxillary sinus and implant placement

Figure 3. Postoperative radiographic view

Figure 4. (a) Clinical view of the implants (b) Final prosthetic restoration
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3.1.1.2. Osteotome sinus floor elevation technique
When the ridge bone height is more than 6 mm, the osteotome technique can be performed.
In that case, implant placement is usually carried out simultaneously with elevation of the
sinus floor. In the original approach, implants were placed after the controlled fracture of sinus
floor and were submerged during the healing phase (Figure 5) [9].
Although the transcrestal approach is decided more conservative than the lateral approach,
the main disadvantage is that the sinus lifting procedure must be performed blindly because
of the impossibility to visualize the sinus floor [10]. In spite of this limitation, membrane
perforation was reported to be less frequent in the osteotome-mediated procedure than in the
lateral approach, for which such complication was occured in 7-35% of cases [11].
Osteotome-mediated sinus lift surgery may be performed with or without using many type
of bone graft material as allograft, autogenous bone, or xenogeneic bone material [12]. No
significant differences in terms of implant survival and surgical success rates were reported
comparing the two methods [13]. Also, the use of platelet derivatives without any bone
substitute is described in literature with the aim of allowing a better control of forces during
sinus floor elevation and reducing the incidence of complications [13].

Figure 5. Osteotome sinus floor elevation technique

3.1.2. Titanium mesh
Natural hard and soft tissue contours allow both ideal implant placement and the emergence
of a restoration. If there is large or small volume hard and soft tissue defects in these contours,
these are prevent three-dimensional implant placement and aesthetic results [14]. Reconstruc‐
tive efforts at aesthetic implant sites usually involve more than replacing missing hard and
soft tissue. For reconstruction of these type of defects, the surgeon uses different techniques:
(1) Distraction osteogenesis, which describes the surgical induction of a fracture and the
subsequent gradual separation of the two bone ends to create spontaneous bone regeneration
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between the two fragments; (2) Osteoinduction, which employs appropriate growth factors
and/or stem/osteoprogenitor cells to encourage new bone formation [15, 16]; (3) Osteocon‐
duction, in which a grafting material serves as a scaffold for new bone formation; and (4)
Guided bone regeneration (GBR), which provides spaces using barrier membranes that are to
be subsequently filled with new bone [17, 18]. Guided bone regeneration was introduced as a
therapeutic modality to achieve bone regeneration, via the use of barrier membranes and
titanium mesh. Titanium mesh has been used for a variety of clinical applications in recon‐
structive implant surgery and reported positive results. Titanium mesh has excellent mechan‐
ical properties for the stabilization of bone grafts beneath the membrane [19]. Its rigidity
provides extensive space maintenance and prevents contour collapse; its elasticity prevents
mucosal compression; its stability prevents graft displacement; and its plasticity permits
bending, contouring, and adaptation to any unique bony defect [20]. The common feature of
commercially available titanium mesh membranes is its macroporosity (in the millimeter
range). This is thought to play a critical role in maintaining blood supply and is believed to
enhance regeneration by improving wound stability through tissue integration and allowing
diffusion of extracellular nutrients across the membrane [21]. The most important advantage
of this macroporosity is related to the attachment of soft tissues, which may stabilize and
restrict the migration of epithelial cells. However, this makes the material difficult to remove
at the second surgery. These macro- and multi-porous characteristics also create sharp spots
when the material is cut or bent, and may provide an easy pathway for microbial contamination
into the healing site. Thus, the development of less porous and micropore-sized titanium mesh
membrane could alleviate some of the current difficulties associated with titanium mesh in
dental applications [22].
Although many relevant articles have reported good clinical results without using resorbable
membrane over titanium mesh, it can be considered that the combination of titanium mesh
and resorbable membrane can demonstrate satisfying results. Thus, it was achieved space
creation by using titanium mesh and prevention of fibroblastic cell migration into the defect
site by using resorbable membrane.

Figure 6. Pre-operative intraoral view
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Figure 7. (a) Severe atrophy of right maxillar alveolar process (b) Titanium mesh

Figure 8. Post-operative 12 months intraoral view

Figure 9. (a) Titanium mesh post-operative 12 months (b) Removal of titanum mesh.
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Figure 10. Implant placement

3.2. Lateral ridge augmentation
3.2.1. Ridge splitting
Alveolar bone splitting technique and immediate implant placement have been proposed for
patients with narrow alveoalar ridge in the horizontal dimension. When the alveolar ridge is
narrower than the optimally planned implant diameter, onlays of bone grafting material or
guided bone regeneration are indicated [23]. This technique provides a selective cutting,
minimal operative invasion and provides an acceptable inter-cortical gap for the placement of
particulate bone grafting [24]. The obvious advantage of this technique is the absence of donor
site morbidity associated to autologous bone harvesting. Crestal split augmentation involved
a surgical osteotomy that was followed by alveolar crest split and augmentation after buccolingual bony plate expansion, prior to implantation [25].
Specific disadvantages have also been reported for each technique: resorption, limited amount
of bone, damaging soft tissues, such as sinus floor membrane, nerves and vessels in bone
grafting; tissue dehiscence, membrane displacement and membrane collapse in guided bone
regeneration; and insufficiency of the distraction line, bone resorption, deficiency of bone
formation and increased healing time for implant placement, in alveolar distraction [26-28].
50-year-old male patient referred to our clinic with atrophy of the alveolar rim in the posterior
maxilla, which had inadequate width and height for implant placement (Figure 11).
A pre-operative computerized tomographic (CT) scan revealed 2.5-3 mm. of bone weightand‐
height of themolarareawas 5.64 mm. between the alveolar crest and maxillary sinus (Figures.
12a,b, 13a). We planned segmental split osteotomy, socket lifting and three dental implant
placement at the same section without using any graft materials.
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Figure 11. Pre-operative radiograph of the left posterior edentulous maxilla

Figure 12. (a-b) Pre-operative CT scan (c-d) Post-operative CT scan

The surgical procedure was performed under local anesthesia. Full thickness muco-periostal
flap was elevated with vertical and crestal incisions. Ridge splitting was applied with osteo‐
tome 8 mm/Obwegeser (Ace Surgical Supply Co., Brockton, MA, USA), after the crest being
prepared with surgical diamond disc in straight high speed handpiece (Figure 14-15). One
centimeter penetration of the osteotome blade in ridge crest would automatically expand the
ridge. Since osteotome thickness increases from tip toward shaft further the osteotome
penetrates, more the ridge will expand. Slight bucco-lingual movement of the osteotome
increases the expansion. 3.5x12 mm implants were placed in the canine and first premolar
region into the ridge splitted crest (Figure 16-17). Muco-periostal flap were sutured primerly
by using 3.0 silk suture (Starmedix LLC, Miami, FL, USA).
The present study reports that the clinical results of narrow ridge splitting. Post-operative
panoramic radiograph (Figure 8) and CT scan (Figure 13b) showed therewas not any compli‐
cations around the implants and maxillary sinus. Five months after surgery, final fixed
prosthetic restorations were accomplished.
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Figure 13. (a) Pre-operative CT scan (b) Post-operative CT scan

Figure 14. Pre-operative view of alveolar ridge

Figure 15. Ridge splitting procedure with diamond disc
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Figure 16. Implant placement

Figure 17. Post-operative view after implant placement

Figure 18. Post-operative panoramic radiograph
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3.2.2. Autogenous block graft
Currently, various augmentation procedures have been introduced to rehabilitate of atrophic
maxillary ridges in literature [29-32]. The grafting procedure using autogenous bone block is
considered ideal by many researchers, as it shows osteogenic capability and deformation
resistance [33]. A wide range of bone grafts and synthetic bone graft materials have been used
in the last two decades for augmentation of inadequate alveolar ridge to facilitate the placement
of dental implants of partially and completely edentulous patients. Various bone graft types,
including autogenous, allogeneic (human), xenogeneic (porcine, equine, or bovine, and
synthetic calcium-based materials (calcium phosphates [β-tricalcium phosphate/β-TCP,
hydroxyapatite/HA], bioactive glasses), calcium sulfate, calcium hydroxide), and a combina‐
tion of these with or without the use of membrane and screws have been employed for grafting
procedure [34-37]. Although, allogeneic bone grafts do not have the drawbacks of autografts,
the procedure is more delicate and less successful in clinical practice. They also display several
other disadvantages: risk of disease transmission of the donour site, infection, difficulties in
obtaining and processing, possible rapid resorption [38,39], and partial loss of mechanical
strength after sterilization [40]. Xenogenic bone substitutes of porcine, bovine, or, more
recently, equine origin are used because of their chemical and structural composition similarity
when compared to human bone [32]. They represent an unlimited supply of available material
and may reduce morbidity by eliminating the donor site [31]. Heat or other treatments are
used to deproteinate bone particles and eliminate immunogenicity risks [40]. Synthetic calcium
phosphate ceramics with their excellent biocompatibility are common alternatives to autoge‐
nous bone [41]. Autogenous bone grafts have been widely accepted as “gold standard” due to
their compatibility and osteogenic potentials to form the new bone by processes of osteogen‐
esis, osteoinduction, and osteoconduction. A particulate and block autogenous bone has been
used to compensate of alveolar ridge deficiency [42]. Extraoral sites of autogenous block grafts
are ilium, calvarium, tibia, rib, and others. The most widely used intraoral potential sites of
autogenous block grafts include symphysis and retromolar-ramus areas. In the clinical
practice, a maxillary tuberosity bone graft has been also used as a particulate graft for aug‐
mentation procedures in posterior maxilla prior to or simultaneously with implant insertion
[43]. Some of advantages about the autogenous block graft procedure such as; intra- and extraoral donor site morbidity, potential complications and risks associated with the harvesting
procedures may have been reported [44].

Figure 19. Pre-operative view
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Figure 20. Operation site of the rib
Figure 20. Operation site of the rib

9

Figure 21. Autogenous rib block graft

Figure 22. Lateral augmentation procedure of the maxilla with autogenous rib graft

Figure 23. Post-operative intraoral view after rib grafting
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Figure 24. Post-operative panoramic radiograph of the graft

Figure 25. Implant placement four months after the augmentation procedure

Figure 26. Post-operative intraoral view after implant surgery

4. Zygomatic implants
Maxillary posterior defects that occur after tumor resection or trauma are challenging to
reconstruct and rehabilitate. The aim of rehabilitation is not only to provide a cosmetically
acceptable appearance, but also to restore oral functions, such as deglutition, mastication, and
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phonation [45]. The impossibility of placing conventional implants in posterior maxilla due to
maxillectomy, maxillary sinus pneumatization or the lack of bone volume is currently the main
indication for the usage of zygomatic implants [46].
Various reconstructive approaches, involving differing surgical procedures, graft materials
and endosseous implant systems, have been described for reconstruction of patients with
severe resorption of alveolar bone, and also patients who have undergone maxillary resection
for neoplastic disease. Restorative techniques have been emphasized such as; microvascular
free flaps, local flaps, and obturator prosthesis [47,48]. However, significant obturator retention
and stability problems occur when extensive defects remain following a maxillectomy.
Zygomatic implants are an effective treatment alternative to limit free or vascularized bone
graft procedures, employing the zygomatic bone as anchorage. When determining zygomatic
implant rehabilitation, the patient must present not only resorbtion of posterior maxilla
preventing the placement of additional fixations for supporting the prosthesis, but also
sufficient bone volume in the anterior maxilla -with a 10 mm in height and a 4 mm in widthto allow the placement of 2-4 conventional fixations [49].
Zygomatic implants were firstly introduced by Branemark in 1998 to rehabilitate the mastica‐
tory and aesthetic functions in severe atrophied maxilla caused by trauma, congenital condi‐
tions, tumour resection or increased sinus pneumatization. Given the high success rate
reported for zygomatic implant placement, this surgical technique can be considered as a valid
alternative therapeutic approach to bone grafting and invasive surgery to restore function and
improve the esthetic results for patients with atrophic edentulous maxilla [50,51]. The surgical
manipulation may lead to potential risk because of the drill way is close to critical anatomical
vital structures, such as the maxillary sinus, the nasal cavity, and the eyes [52]. However the
limited intraoperative visibility, especially given the anatomical intricacies of the curved
zygomatic bone, makes this kind of surgery a demanding procedure. Traditional complica‐
tions of this surgery are secondary infection, sinusitis, pain, periimplantitis and bone resorp‐
tion related to implant function [46,53]. The surgical approach consists of using the frontal part
of the zygomatic bone as an anchorage for zygomatic implant, with support from the maxillary
palatal or alveolar bone, without any bone augmentation. This offers a more simplified
treatment approach, a decrease in biological impact and a more comfortable post-surgical
period for the patient thanks to a quicker recovery time [49].

5. Angulated implants
Angulated implant treatment of the maxilla requires presurgical prosthetic treatment planning
for high smile line esthetics to be acceptable [54]. This requires bone removal in the vast
majority of dentate or edentulous patients who undergo full arch treatment.The use of
angulated implants for short-span bridges or even long-span reconstructions to avoid bone
grafts has been used for 10 years, although many of these were not immediately loaded [55].
However, with the advent of the angulated implant immediate function, this became consis‐
tently possible using a graftless protocol [56]. Angulated implant concept consists that to avoid
the anatomical structures in the posterior regions by using implants just anterior to the
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maxillary sinus in the maxilla and anterior to mental foramen in the mandible by having them
placed on a 30-45 degree angle. This concept solves the problem of insufficient bone and
reduces the need for sinus and ridge augmentation.
Angulated implant treatment concept may not be considered or adopted as a conventional
treatment modality by many clinicians. This treatment concept refers four implants to support
a fixed prosthesis. However, long-term clinical results are inadequate on the effects of
angulation on the development and distrubition of the loading stress within the implant [57].
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