
Background
One of the prerequisites for successful implant placement 
is the presence of sufficient bone in terms of both quantity 
and quality. Treatment protocols for rehabilitation of the 
atrophic maxilla have evolved over the last decades, and 
various treatment options have been developed over time. 
Previously, in cases where residual bone height/width did 
not permit placement of conventional dental implants in 
the maxilla, bone grafting techniques were considered the 
gold standard (1). Nevertheless, bone grafting techniques 

are subject to several major shortcomings, including 
inherent failure rates, inability to simultaneously place 
and restore implants, donor site, patient morbidity, 
repeated surgery, and high costs, which often necessitate 
considering alternative treatments (2). Over time, 
alternative treatments have been advocated to provide a 
time and cost-efficient treatment for individuals who are 
otherwise medically compromised or unwilling to undergo 
additional surgical procedures. A great deal of confusion 
and debate exists among clinicians as to what is the best 
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Abstract
Background: The aim of this narrative literature review was clinical indications as well as common 
complications of the most common treatment options for oral rehabilitation of the upper jaw. The paper 
also introduced a novel decision-making tool for guiding the selection of the most appropriate treatment 
for oral rehabilitation based on patients’ residual bone height, width, and quality.
Methods: This study is a review article based on PubMed and Scopus that was done by reviewing 
articles from 2000 to 2022. Treatment choices for edentulous maxillae with the insufficient bone for 
implant placement comprise two broad classifications: bone defect compensation by bone augmentation 
techniques and modified implant designs for specific situations to utilize the remaining bone. The 
following factors have to be taken into consideration: the residual bony anatomy, remaining bone volume 
and quality, skeletal maxillomandibular relationship, scientific evidence, the experience of the clinicians, 
and, the patients’ increasing demands and expectations.
Results: Grafting techniques are often demanding for both patients and surgeons. Likewise, they are 
associated with a prolonged treatment time, increased financial cost, and higher complication 
risks, especially in medically compromised patients. Several non-grafting alternative options have been  
reported such as zygomatic implants (ZIs), short implants, tilted implants, and the like.
Conclusions: Oral rehabilitation 
in the upper jaw should follow a comprehensive assessment and examination of the patient’s quality 
and dimensions of residual bone. The clinical decision between grafting versus non-grafting options is 
associated with several factors.
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treatment option in cases where maxillary atrophy exists. 
In order to support the clinician in the decision-making 
process and to inform the patient more extensively on the 
available treatment options, we provided a brief narrative 
review of the literature, clinical indications, as well as 
common complications of the most common treatment 
options for oral rehabilitation of the upper jaw. The paper 
also introduced a novel decision-making tool for guiding 
the selection of the most appropriate treatment for oral 
rehabilitation based on patients’ residual bone height, 
width, and quality. 

Materials and Methods
This study is a review article based on PubMed and Scopus 
that was done by reviewing articles from 2000 to 2022. 
Keywords used in the search included “Dental Implants” 
and “Atrophic Maxilla”, “all-on-four”, “Tuberosity 
Implants”, and “Bone Grafting”.

Results
Bone Atrophy
Since the discovery of the osseointegration phenomenon, 
endosseous dental implants have been used for oral 
rehabilitation of total or partial edentulous jaws in cases 
where sufficient bone volumes are present. However, 
there are restrictions on placing regular implants where 
insufficient bone volumes exist. In edentulous jaws, the 
available bone might become insufficient because of bone 
atrophy, sinus pneumatization, dental trauma, extractions, 
periodontal disease, or any combination of these (3,4). 
In these challenging cases, regular dental treatment may 
no longer be available or appropriate. Generally, the 
patterns of bone loss in atrophic jaws are predictable, and 
bone loss in the anterior as well as the posterior maxilla 
involves a combination of horizontal and vertical hard 
tissue loss. Accordingly, a thorough understanding of the 
anatomical consequences of bone atrophy is essential for 
clinicians. In 1988, Cawood and Howell investigated the 
bone resorption patterns in the maxilla and suggested a 
pathophysiological classification for atrophic ridges (5).

Treatment Selections 
In normal circumstances, standard axial implants 
are used whenever possible. Treatment choices for 
edentulous maxillae with the insufficient bone for implant 
placement comprise two broad classifications: bone defect 
compensation by bone augmentation techniques and 
modified implant designs for specific situations to utilize 
the remaining bone, including short implant, all-on-four 
implant, all-on-six implant, zygomatic implant (ZI), and 
tilted implant (1). In order to make a clinical decision, 
decide between these treatment options, and plan the 
appropriate implant number, position, and prostheses, 
some factors have to be taken into consideration, including 
the residual bony anatomy, remaining bone volume and 
quality, skeletal maxillomandibular relationship, scientific 
evidence, the experience of the clinicians and, increasingly, 

and the patient’s demands and expectations. The common 
treatment options for upper jaw rehabilitation are based on 
the quantitative and qualitative characteristics of the bone, 
and different techniques relating to these characteristics 
are listed below:

1. Standard Dental Implants 
Standard-length dental implants are defined as a type of 
dental implant with an intraosseous length of primarily 
more than 8 mm. When investigating the differential 
success rate of the posterior and anterior maxilla, the 
posterior maxilla is known as the most problematic part of 
the alveolus for implant placement due to the anatomical 
features, masticatory dynamics, and functional challenges 
(6). The two general types are axial and tilted implants. In 
a systematic review, Del Fabbro et al reported that there 
is no statistically significant difference between axial and 
tilted implants regarding failure rate and peri-implant 
bone loss (7). To ensure acceptable success rates, some 
investigators reported the minimal bone height for a 
standard implant in the posterior region to be at least 10 
mm in height and 6 mm in width (8). 

a. Tuberosity Implants
In this technique, the implant is placed on an incline in 
the maxillary tuberosity region posterior to the maxillary 
sinus without sinus invasion. 

In a systematic review of tuberosity dental implants, 289 
implants with tuberosity implant lengths ranging from 10-
14 mm and 10°-35° angulation were placed in a total of 113 
patients who were followed for 6–144 months. The overall 
survival rate of implants placed in the tuberosity region 
was 94.63% with seven reports of failures (i.e., complete 
implant removal) in maxillary tuberosity (9). Since the 
bone in this area is cancellous and primarily type III and 
IV, immediate loading is not recommended (10). Although 
modern surface treatments reduce the need for bicortical 
anchorage and the risk of tuberosity fracture, some studies 
reported the achievement of bicortical fixation for bone 
of low density (11,12). Special care must be given to the 
region posterior and medial to the tuberosity considering 
the maxillary artery and its branches, specifically the 
greater palatine artery (10).

b. Pterygoid Implants
A pterygoid implant is a 10–20 mm implant (implants 
as long as 7 or 8.5 mm were also placed in this region) 
anchored in the pyramidal process of the palatine bone 
and the pterygoid process of the sphenoid bone with 
an angulation between 35° and 55° (9). Placed in dense 
cortical bone with a reported success rate of 90.7% and 
similar marginal bone loss levels to those of conventional 
implants, pterygoid implant appear to be a more 
predictable alternative for the treatment of patients with 
insufficient bone volume in the maxillary region than 
tuberosity implants (13). 

With regards to complications, peri-surgical bleedings 



Avicenna J Dent Res, 2023, Volume 15, Issue 3124

Ramezanzade et al 

were relatively easy to manage with local hemostatic 
methods, although a rare but possible complication with 
pterygoid implants is severe bleeding due to the proximity 
of the internal maxillary artery, which runs 1 cm above the 
pterygomaxillary suture (14). Additionally, a minimum 
mouth opening of 35 mm seemed necessary for the correct 
angulation in the posterior region (13). 

c. The All-on-4® Treatment Concept
This treatment concept was first introduced in the 1990s 
with the aim of immediate function and negating the need 
for any grafting techniques or additional surgery. A total 
of four implants with two axial implants placed anteriorly 
and two posterior implants distally tilted between 30° and 
45° have proven to be reliable for even distribution of 
occlusal forces and reduction of cantilever extensions even 
in cases of bone atrophy (15,16). The use of tilted implants 
is a non-grafting way to manage limited bone height 
by allowing for increased length using tilted implants. 
To ensure optimal three-dimensional (3D) implant 
positioning for anatomical structures and prosthetic 
parameters, computer-assisted implant placement for 
tilted implants is highly recommended (17).

First, the all-on-four treatment was developed for the 
mandible, and this technique was also advocated for the 
atrophic edentulous maxilla. The all-on-four treatment 
concept appeared to be a safe and predictable treatment 
option in patients exhibiting ridges classified as IV, V, and 
VI according to Cawood and Howell classification (18). 
The mandatory bone volume for this treatment is 5 mm in 
width and 10 mm in height from canine to canine. In most 
difficult cases, rehabilitation is possible with standard all-
on-four (e.g., the insertion of implants with dehiscences, 
fenestrations, trans-sinus, or pterygoid), and hybrid all-
on-four and extra-maxillary ZIs are only indicated for 
extreme bone atrophies (19) Depending on the anatomical 
structure, implant inclination can vary from 30 to 45 
degrees (20). An excellent cumulative survival rate of 
up to 99% for implants (21) and a prosthetic survival of 
95% after 10 years of follow-up have been reported (22). 
Moreover, detachment of an element of the definitive 
prosthesis (most common), surgical guide fractures, and 
low primary stability were frequently reported concerning 
technical and prosthetic complications (23). Only a small 
number of biological complications (e.g., peri-implantitis) 
were reported after a mean follow-up of two years (20). 
However, this technique is highly dependent on a period 
of training and acquisition of both surgical and restorative 
skills (19).

Recently, in a comparative study, the all-on-four 
model has been simulated, and von Mises stresses have 
been studied in five different loading modes (24). When 
simulated under different loads, both models exhibited 
the distribution of similar stress patterns, indicating that 
the all-on-four method was the therapeutic choice for 
the atrophic edentulous ridges that increased the overall 

longevity of the prosthesis and greatly minimized the 
stress distribution.

d. The All-on-6 Treatment Concept
In 2014, Agliardi et al (25) stated that six implants in 
the edentulous maxilla could provide a profoundly 
cost- and time-effective alternative to bone grafts for the 
immediate restoration of the atrophic edentulous maxilla 
with reduced patient morbidity. This treatment concept 
benefits from two axial and four tilted implants. When 
the 5-year clinical and radiological outcomes of the two 
techniques (All-on-4® and All-on-6) were compared, no 
statistically significant difference was observed regarding 
technical and biological complications and marginal 
bone loss between the two groups. However, a slightly 
higher complication rate and a higher implant failure 
rate were reported for the first group and the latter group, 
respectively (18). Bhering et al stated that the six-implant 
design has more favorable biomechanical aspects such 
as lower stress on the implants, abutments, and bone 
supports compared to the all-on-four concept which 
results in better clinical outcomes (26).
 
2. Bone Grafting Techniques in Conjunction With Endo-
osseous Implants
Over the decades, in cases where standard implant 
placement was contraindicated, one approach was to 
utilize different types of alveolar ridge augmentation 
which was considered the gold standard treatment option 
(1). Figure 1 shows a severely atrophic maxilla treated 
with a combination of grafting techniques. The standard 
implants were inserted with a several-month delay 
(Figure 2). Bone augmentation can also be advocated as 
a facultative indication in less atrophic ridges (Cawood 
and Howell class IV) with simultaneous dental implant 
placement (where short and/or narrow and/or tilted 
implants are alternatives). This was based on the fact that 
sufficient bone volume at edentulous sites ensures the 
long-term success rate of dental implants (27). Various 

Figure 1. A Severely Atrophic Maxilla Was Treated with a Combination of 
Grafting Techniques
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grafting techniques have been proposed and advocated 
prior to (staged approach) or simultaneously with endo-
osseous implants, thus aiming to increase bone volume. 
The goal is to provide a suitable foundation for dental 
implant placement as well as provide soft tissue support 
for optimal esthetic results (28). The overall survival rates 
of dental implants placed in the reconstructed maxilla are 
significantly lower than those placed in native bone (29); 
however, some reported no significant difference when 
comparing the two (30). 

An updated review illustrated that a narrow implant is 
a reliable treatment option with a good survival rate, an 
acceptable success rate, and a minimum bone loss (31). 
This study investigated 1245 implants in seven clinical 
trials, three randomized clinical trials, three cohort 
studies, and two case series, and the survival rate of narrow 
implants was 97%.

Two general methods have been advocated. First, dental 
implant placement simultaneous with bone grafting can be 
a safe and predictable surgical technique where adequate 
primary stability is achieved (32). Second, residual bone 
is very atrophic and does not provide sufficient primary 
stability, therefore implants are inserted with a 4-12 
month delay based on the graft material used (33). In such 
severely atrophic cases, vast quantities of bone are often 
needed to place conventional dental implants, and onlay 
grafts are mostly used for such big regenerations (34). 

The most popular surgical procedures to obtain bone 
augmentation for the atrophic maxilla include onlay block 
grafts, sinus floor elevation, guided bone regeneration 
(GBR), distraction osteogenesis (DO), and interposition 
grafts. In severe atrophic cases, a combination of 
techniques might be advocated.

a. Onlay Block Grafts
Historically, this bone augmentation technique has been 
chosen for vertical and horizontal bone defects with 
heights less than 5 mm (Cawood and Howell class IV-
VI) (35) and/or widths less than 4 mm or less than 5 mm 
in the aesthetic areas with a high labial line (36). Among 
grafting materials, onlay grafts provide a more favorable 
environment for implantation, especially in horizontal 
deficiencies. High success rates and evidence of bone 
gain were found with this technique in several systematic 

reviews (4,30,37). A systematic review reported a survival 
rate ranging from 96.9% to 100% for lateral augmentation 
procedures and 89.5% to 100% for vertical augmentation. 
This technique is associated with relevant morbidity and 
several complications, including mucosal dehiscence, 
bone graft, membrane exposures, graft failures, and 
neurosensory alterations (30). Long-term bone resorption 
with this technique has been acknowledged, especially in 
cases of autologous iliac blocks. A biological limitation 
with onlay graft materials is the low increase in height. 
Troeltzsch et al (38) in their systematic review reported 
that the mean vertical augmentation gain was 3.7 mm and 
5 mm for particulate onlay grafts and block onlay grafts, 
respectively, which is probably due to the limitations of 
angiogenesis. Nonetheless, this technique necessitates 
extensive soft tissue manipulations to keep the grafts 
covered and prevent dehiscence. In cases of autologous 
bone blocks, additional considerations include donor 
site morbidity, and complications (39). Figures 3 and 4 
show the bone harvesting from the iliac crest. Increased 
morbidity, resorption of a significant part of the graft, or 
its exposure from the vertical gain are higher compared to 
the treatment of horizontal deficiencies (40).

Figure 2. The Standard Implants Were Inserted With a Several-Month Delay

Figure 3. Bone Harvesting from the Iliac Crest

Figure 4. Bone Harvesting From the Iliac Crest
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b. Sinus Floor Elevation
This procedure is advocated to compensate for sinus 
pneumatization. It is based on GBR principles and 
considers the Schneiderian membrane as a natural 
inborn barrier. Apical elevation of this membrane, 
mostly in conjunction with bone materials, stimulates 
bone formation (13). The aim is a vertical augmentation 
in free-end maxillae with 5-9 mm gained height, and the 
two widely used techniques include direct and indirect 
methods. Sinus augmentation and elevation may be 
performed with or without grafting biomaterials. Ortega-
Mejia et al (41) reported better clinical outcomes regarding 
implant survival, bone gain, and bone height when using 
platelet-rich plasma in maxillary sinus augmentation. 
As reported by a systematic review, the survival rates of 
implants after a minimum of three years of loading were 
97.2% and 93.7% for the transrectal approach and lateral 
window, respectively (42). Complications associated with 
sinus lift procedures include membrane perforation and 
hemorrhage, and infection with iatrogenic perforation was 
the most frequent complication. This occurs in 10%-20% 
of cases using a lateral approach. Postsurgical sinusitis is 
rare and may occur in only 3% and 1% of cases following 
lateral and transrectal augmentation, respectively. There 
were also rare but catastrophic incidences of the spread of 
infection to intracranial structures via the cavernous sinus. 
Furthermore, long healing periods of bone formation are 
another major shortcoming of this technique (13). 

Concerning the two used approaches, a remarkable 
survival rate of 95.5% with a low complication rate of 
4.7% has been reported for the lateral window approach. 
Likewise, based on remaining bone and bone quality, an 
initial ridge with 5 mm in height was mostly considered 
the threshold for the possibility of simultaneous implant 
placement (43); nevertheless, several favorable outcomes 
were reported for a 2-4 mm ridge and simultaneous 
implant placement (44,45). Therefore, the conclusion 
relies on the possibility of achieving primary stability. 
In case the clinician preferred a two-stage procedure, 
the average time between the lifting procedure and 
implantation was 5.6 to 6.6 months for autografts and 
bone substitutes, respectively (43). 

When a minimal bone height and satisfactory primary 
stability exist, utilizing the indirect technique (i.e., 
transcrestal approach) can be a reliable and less invasive 
approach compared to the lateral window technique 
(1). According to the treatment concept by Thoma et al 
(46), the transrectal sinus elevation approach can be the 
selected treatment when vertical ridge dimensions exceed 
8 mm, and when standard implants are the preferred 
option. In case of peri-implantation complications such 
as Schneiderian membrane perforation and insufficient 
primary stability, the indirect technique might be switched 
to direct to avoid aborting surgery (32). 

c. Guided Bone Regeneration
This approach relies on using barrier membranes for 

space preservation over horizontal or vertical bony 
defects to keep specific cell types, including rapidly 
proliferating epithelium and connective tissue cells away 
and differentially promoting the ingrowth of osteogenic 
cells from the host site. The most frequent complication 
of this technique is premature membrane exposure (up to 
38%) and the possibility of subsequent infection, which 
results in regenerated bone loss (13-47). GBR through 
non-resorbable membranes appeared to be a robust and 
predictable procedure for bone augmentation; however, 
it is highly technique-sensitive and strictly dependent on 
the expertise of the surgeon. Two different approaches 
have been advocated in this regard: utilization of either a 
resorbable member such as collagen membrane or a non-
resorbable membrane such as polytetrafluoroethylene 
titanium-reinforced membrane. For vertical ridge 
augmentation in both approaches, the membrane is 
supported by a titanium mesh or a titanium osteosynthesis 
plate as a space maintainer and allows for undisturbed 
consolidation of the underlying bone (48). Early or late 
membrane exposure after GBR procedures leads to 
contamination and infection of the biomaterial, exerting a 
detrimental impact on the success of bone augmentation. 

d. Distraction Osteogenesis
First introduced in 1996 by Chin and Toth (49), DO was 
used to reconstruct vertical or horizontal bony defects. 
Although this technique allows the alveolar ridge to be 
augmented through new bone formation (osteogenesis) 
and a significant increase in the surrounding soft tissue 
(histogenesis), it does not require the interposition 
of a bone graft by the formal addition of GBR (50). 
The primary indication of this technique is in the 
edentulous zone including three or more missing teeth 
with a minimum of 6–7 mm residual bone height and 
at least a 4 mm vertical defect when measured from the 
adjacent bony walls. In moderate atrophies, DO is first 
performed and then followed by an onlay bone graft, 
whereas in severe atrophies, a primary onlay bone graft 
might be followed by DO after a four-month healing 
period (1). The suggested survival rates for DO are similar 
to those reported for other augmentation techniques, 
but unacceptably high complication rates have been 
also reported (50). Another review reported that 8% 
of cases underwent partial relapse of the initial bone 
height, 8% reported a change of the distraction vector, 
3% of cases indicated basal bone or segment fracture, 
and 2% exhibited fracture of the distraction device. 
Additionally, several incomplete distraction outcomes, 
transient paresthesia, and total failure were also reported 
(29). Breakage of internal maxillary distractors was a 
noticeable and frequent complication, and to prevent this 
phenomenon, any unnecessary and frequent bending for 
adaptation to the bone surface should be avoided during 
the advancement and retention periods (51). Generally, 
DO is not the treatment of choice for the correction of 
narrow ridges (13).
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e. Interpositional Grafts (Le Fort I Interposition in the 
Maxilla)
Introduced in 1987 by Keller et al (39), this technique can 
provide large quantities of bone required for implantation 
in the severely atrophic maxilla, along with re-establishing 
a favorable intermaxillary relationship by repositioning 
the maxilla both forwards and downwards with the graft 
secured between both the nasal and sinus floors and 
maxilla (39). A two-staged implant placement protocol is 
preferred with this technique. In the original technique, 
the osteotomy lines went through the sinus and were 
cut through the sinus membrane due to a large amount 
of needed bone, and the iliac crest bone was mainly used 
as the donor site (52). However, in a recent modification 
suggested by Terheyden (53), nasal and sinus floor 
membrane elevation precedes the down fracture, leaving 
the sinus floor implant in a more favorable position for 
healing. This creates a recipient site closed from all sides 
that can be filled with particulate grafts and/or bone 
substitutes instead of iliac grafts. In 2016, a meta-analysis 
reported a survival rate of 89.6% for implantation after Le 
Fort I interpositional grafting in edentulous upper jaws 
(54). However higher survival rates (a 10-year survival 
of 95.1%) were further reported following the new 
modifications. Furthermore, vertical bone augmentation 
in the anterior maxilla through this technique is limited to 
a 2-4 mm gain of height due to the rigidity of the palatal 
soft tissue (39).

The review by Roccuzzo et al (55) reported the use of 
the sandwich technique for increasing the mandibular 
vertical ridge augmentation and indicated that the survival 
rate after a mean follow-up of 3.7 years is 94%, which is 
acceptable. The available clinical data showed that the 
present technique is a reliable option for the treatment, 
and the reported complications are mostly transient and 
provide favorable conditions for subsequent implant 
placement.

f. Subperiosteal Implants
First introduced by Dahl et al (56), subperiosteal implants 
were designated for oral rehabilitation in both jaws 
although the most successful results are obtained in the 
lower jaw. Known complications with the sub-periosteal 
device in the upper jaw are bone resorption and fibrous 
encapsulation of the implant (57). Furthermore, sinus 
perforation and sinusitis are other possible complications 
with this treatment option (58). Figures 5, 6, and 7 
present the subperiosteal implants placed in an atrophic 
edentulous maxilla.

g. Short Implants (in Combination With Other Implant 
Options)
Short implants (5 mm to 10 mm in length) are used in the 
atrophic maxilla because they do not need complicated 
bone grafting procedures while presenting survival 
rates similar to that of grafting techniques with regular 
implants. This treatment is recommended when the height 

of residual bone is higher than 6 mm, and there is enough 
width to place at least an implant with 5 mm in diameter 
(59). Likewise, short implants can be utilized with a 
more favorable prosthetic design and lower complication 
rate when compared with sinus lift/bone augmentation 
procedures with regular implants (60). Short implants with 
lengths less than 5-6 mm in conjunction with sinus floor 
elevation techniques significantly diminished survival 
rates; hence, using short implants was usually reported 
when a residual alveolar height is more than 6 mm with 
sufficient width (61). It should be noted that the failure 
rate of short implants in the posterior region of the maxilla, 
which has poor bone quality and may fail to achieve cortical 
bone engagement, is apparently higher than in the anterior 
area. Therefore, surface-treated short implants have been 
introduced to overcome this challenge (62).

Figure 5. The subperiosteal implants were placed in an atrophic edentulous 
maxilla

Figure 6. The subperiosteal implants were placed in an atrophic edentulous 
maxilla

Figure 7. The radiography of the subperiosteal implants placed in an 
atrophic edentulous maxilla
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h. Zygomatic Implants
The treatment outcomes, survival rates, and complications 
following oral rehabilitation with ZIs have been reported 
in several systematic reviews. Moreover, meta-analyses 
involving short-term and long-term non-comparative 
articles have demonstrated that using zygoma bone as 
an anchorage appears to be a promising alternative to 
significant bone augmentation procedures in the severely 
atrophic maxilla, even with low bone quality, especially 
in patients whose bone grafts cannot be harvested and 
in situations where there is insufficient primary stability 
and/or implant placement, or utilization can only be 
undertaken after several months delay. A survival rate 
ranging from 95.2% to 100% has been reported for ZIs in 
atrophic maxillas (63-66) although this number was lower 
for patients with resected maxillas (78.57%). They were 
indicated in cases with residual bone height coronal to the 
maxillary sinus less than 2–4 mm (67,68). ZIs must have 
a minimum of 8-10 mm bone-implant contact within 
zygoma bone even in atrophic jaws with insufficient 
crestal bone which provides adequate primary stability 
(69). This treatment option does not lack complications, 
but the majority of ZIs are mild and facile to manage and 
rarely catastrophic (65). A relatively uncommon (15%) 
but significant problem associated with ZI placement 
is sinusitis; however, the initial modifications such as 
avoiding sinus entry or membrane perforation have 
dramatically reduced the rate of sinusitis and further 
oroantral fistula formation which possibly necessitate 
ZI removal. Furthermore, any sinus symptoms must be 
treated before ZI placement. Over time, the modifications 
of ZIs emerged more on locating an exteriorized 
position by avoiding sinus invasion, and latterly an extra 
maxillary protocol was advocated which provided more 
convenient prosthetic rehabilitations while avoiding 
sinus encroachment (70,71). Regarding ZI placement, the 
clinical expertise of the surgeon is critical for success and 
minimizing complications. 

Generally, the combined option (two ZIs with standard 
implants) was preferred due to lower costs and lower 
risk of serious complications such as orbital penetration 
during surgical placement (72). The preferred anterior 
implants in conjunction with a posterior zygoma implant 
are standard-length implants with a minimum length of 10 
mm. If the remained anterior bone precludes placement 
of standard-length implants, the zygoma quad will be 
preferred (73). 

There is a controversy over the use of two short implants 
( < 10 mm) in the anterior maxilla in conjunction with two 
posterior ZIs or using the zygoma quad. Some state that 
the zygoma quad was the choice in patients with severe 
anterior maxilla bone deficiencies in which there is not 
enough bone in the anterior maxillary region to allow the 
placement of at least two short implants and in patients 
requiring additional advanced bone-grafting procedures 
in the anterior region to place standard length implants 
(3). On the other hand, some advocate that it is prudent 

to perform a zygoma quad when placing conventional 
implants of at least 10 mm in the anterior maxilla is not 
possible (74).

h1. Extramaxillary ZIs
In cases where the residual ridge does not meet the 
previously mentioned protocol for the standard All-on-4, 
the ZI placement is needed that consists of two types: the 
hybrid designated All-on-4 and All-on-4 extramaxilla.

h1.1. The Hybrid Designated All-on-4 
This is a combination of the conventional All-on-4® 
technique with extra maxillary ZIs indicated for cases 
with C-VI classes according to Cawood and Howell 
classification which have maintained the bone proximal 
to the midline (75). In cases when extensive prosthetic 
flanges are required, the hygienic maintenance of the 
prosthesis might be challenging (18). 

h.1.2. All-on-4 Extramaxilla
Endline cases with more than C-VI class of Cawood, 
and Howel classification are those who were indicated 
to use this protocol. Special care should be given to the 
infraorbital foramen and the base of the orbit when 
placing extra-maxillary ZIs (75,76).

Discussion
Bone deficiency for implant placement is a significant 
challenge among clinicians. Due to the advancement of 
implant placement techniques in the atrophic edentulous 
maxilla, areas that previously could only be managed 
with removable dentures can now be rehabilitated with 
an implant-supported prosthesis with or without grafting 
with high success rates (77). Over the decades, in cases 
where standard implant placement was contraindicated, 
one approach was to utilize different types of alveolar 
ridge augmentation, and autogenous bone was considered 
the gold standard treatment option in areas such as the 
sinus and nasal lifting procedures, inter-positional bone 
grafting in conjunction with a Le Fort I procedure, 
and onlay grafts (1-29). Grafting techniques are often 
demanding for both patients and surgeons. Likewise, 
they are associated with a prolonged treatment time, 
increased financial cost, and higher complication risks, 
especially in medically compromised patients. In the last 
decades, several non-grafting alternative options have 
been reported such as ZIs, short implants, tilted implants, 
and the like. Oral rehabilitation in the upper jaw should 
follow a comprehensive assessment and examination of 
the patient’s quality and dimensions of residual bone (78). 
Figure 8 displays the classification of treatment options 
for edentulous maxilla rehabilitation. The clinical decision 
between grafting versus non-grafting options is associated 
with several factors, including surgeon expertise, scientific 
evidence, and the patient’s increasing preferences.
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Tilted Standard Length Dental Implants vs Standard 
Implants with Grafting Techniques in Atrophic Maxilla
As a result of tooth loss combined with sinus 
pneumatization, there is usually sufficient cortical bone in 
the anterior regions of the maxilla but the insufficient bone 
in the premolar and molar regions (79). The adoption of 
tilted implants as an alternative to bone grafting procedures 
has been proposed in recent years. Tilted implants allow 
for conventional-length implants with the engagement of 
as much cortical bone as possible in the atrophic alveolar 
bone. They also reduce the posterior cantilever length 
and enhance load distribution by increasing the inter-
implant space. Tilted implants have several biomechanical 
advantages and make immediate implant placement 
possible in edentulous cases with atrophic ridges. It 
should be noted that there was no statistically significant 
difference between straight/axial and tilted implants 
in terms of implant success, as observed in a systematic 
review with meta-analysis (42). A minimum height of 6 
mm and width of 5 mm in the anterior maxillary seem to be 
necessary for successful results. Furthermore, a promising 
short-term survival rate was reported for different systems 
using tilted implants such as all-on-four, all-on-six, and 
the like; however, further studies are required for long-

term assessments (21). 

Subperiosteal Implants vs Standard Implants with 
Grafting Techniques in Atrophic Maxilla
Nowadays, sub-periosteal implants are rarely used for 
the rehabilitation of a severely atrophied maxilla. This 
treatment has now been widely replaced by ZIs that yield 
more reliable and tangible results (80). The relatively high 
failure rate of this treatment in the atrophic edentulous 
maxilla is attributed to the negative impact of gravity on 
the bone-implant contact zone and difficulties in placing 
subperiosteal implant devices on a cortical bone basis 
(81). Owing to 3D surgical planning and 3D printing of 
appropriate materials, there is a possibility of new interest 
in these devices, but currently, there are not much data in 
this regard to reach a conclusion.

Short Implants vs Standard Implants with Grafting 
Techniques in Atrophic Maxilla
Several systematic reviews and meta-analyses have 
compared the survival/implant failure of short implants 
(5-8.5 mm) in the pristine bone to longer implants with 
sinus lifting procedures, finding no statistically significant 
difference between the two groups but suggesting similar 
survival rates. Short implants were associated with less 
post-surgical complication and lower marginal bone loss 
around the implant site (60,78,82,83). When considering 
peri-surgical complications, conventional implants with 
augmentation expose patients to a three times higher risk 
of complications compared to short implants. Moreover, 
despite yielding tangible outcomes, nasal and sinus 
lifting procedures are associated with sinusitis, fistulae, 
implant/graft loss, osteomyelitis, and other issues that are 
detrimental to patient well-being. Whenever applicable, 
short implants are a more beneficial option, especially in 
patients who are medically or financially compromised or 
unwilling to undergo additional surgical procedures (46). 

A recent systematic review has indicated that studies 
using sandwich techniques demonstrated significant 
survival in most short-length implants compared with 
regular-sized implants and augmented bone over 5 
years (84). Short implants consistently showed minor 
changes in marginal bone level than regular implants did. 
Additionally, a systematic review examining the survival 
and success rates of implants placed with autogenous 
intraoral onlay bone grafts demonstrated that the survival 
and success rates of dental implants placed in onlay bone 
grafts are similar to those of short implants placed in 
the native bone while introducing more challenges and 
morbidity. Therefore, inadequate bone and short implants 
are more feasible treatment options than those implants 
placed in conjunction with onlay grafts (30).

ZIs Versus Grafting Techniques
In cases where limited amounts of bone regeneration are 
needed, grafting materials with simultaneous standard 
implant placement for single implants can be a reliable 

Figure 8. The Classification of Treatment Options for Edentulous Maxilla 
Rehabilitation
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and predictable choice (33). Considering all potential 
complications and low patient satisfaction, formal bone 
grafting techniques lack simultaneous placement, and 
their primary stability or immediate reconstruction 
should be replaced with an alternative treatment with 
lower costs, fewer complications, shortened time for 
rehabilitation, and higher survival rates. Therefore, ZIs 
have been introduced as alternatives to formal grafting 
techniques due to their advantages. Different ZI placement 
techniques are present which provide a predictable and 
efficient way to rehabilitate the severely atrophic maxilla 
with reduced levels of complications. Quad zygomas are 
the first treatment choice in severe maxillary atrophy 
with inadequate bone volume for the placement of 
conventional implants anteriorly and posteriorly (68) and 
are a rescue option in grafting failures (73). Nonetheless, 
complications can be present, and the provision of ZI is 
highly user and technique sensitive (85). 

Shortcomings and Strengths of Non-grafting Techniques
The main shortcoming of this study was the lack of 
longer-term clinical and laboratory studies covering 
10 years and above to determine long-term outcomes 
of the non-grafting technique. It should be noted that 
non-grafting techniques, especially ZIs, require special 
precautions while performing surgery, which might be 
time-consuming. They also require a defined period 
of training and understanding and have a formidable 
learning curve (85). 

Following non-grafting solutions for maxillary 
rehabilitation, temporary prosthetic restorations are 
mostly made and immediately start functioning, releasing 
patients from remaining edentulous and enabling them 
phonetically, aesthetically, and functionally (73-86).
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