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ABSTRACT 
The rehabilitation of patients with severely atrophic maxilla is a challenge and the hybrid 
all-on-4 technique emerges as an alternative for the treatment of these patients. This study 
aimed to evaluate the mechanical behavior of the rehabilitation of a severely atrophic total 
edentulous maxilla using smooth zygomatic implants and extra-long transnasal implants. 
Finite element analysis was conducted in the following configuration: two 3.75x45 mm 
Zygoma-S® implants installed using the sinus duct technique. 60 and 52 degree Mini 
Conical Abutment components with 1.5 mm gingival height were positioned in the regions 
of teeth 16 and 26 respectively. Two Helix Long GM® 3.75x20 mm and Components Mini 
Straight Conical Pillar with gingival height 1.5 mm were installed in the anterior region 
using the transnasal technique. A prosthetic bar was shaped and retained by 4 screws with 
a 12 mm cantilever. The peak stresses on the bone, implant, prosthetic component, and 
screws were below the strength limits of the materials. In addition, higher stresses were 
found in the zygomatic implants. Conversely, higher tensions were found in the thread 
region of the prosthetic components associated with the extra-long implants. The present 
study revealed that the rehabilitation of severely atrophic maxillae by the hybrid all-on-4 
technique using two zygomatic implants and two extra-long implants with transnasal 
anchorage is biomechanically favorable and reliable. 
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INTRODUCTION 

The rehabilitation of severely atrophic maxillae is a challenge due to the alterations 

that occur in these cases, such as pneumatization of the maxillary sinuses and the amount 

of bone in the maxilla that is insufficient for anchorage of conventional implants(1). Bone 

grafting procedures to try to restore bone volume to this patient have several 

disadvantages, such as risk of morbidity in the donor area, high costs and long duration of 

treatment(2). 

As an alternative, different techniques have been developed involving anchoring 

implants in anatomical structures adjacent to the maxilla(3). Zygomatic implants have been 

used for years as an alternative to conventional implants in cases of atrophic maxilla. There 

are different techniques for implant placement However, in the absence of bone availability 

for the installation of conventional implants by this technique, the installation of two extra-

long implants with transnasal anchorage is an option(4).  

Finite element analysis (FEA) is a computational method to predict the mechanical 

behavior of models through mathematical functions applied to geometries containing 

element meshes(5). This simulation is used in several areas of knowledge and has been 

applied in implant dentistry for decades. It is a reliable method that can provide 

understanding for clinical issues. There are few studies in the literature that evaluate the 

mechanical behavior of zygomatic implants associated with transnasal implants in severely 

atrophic maxilla. Thus, this study aimed to evaluate the mechanical behavior of the 

rehabilitation of a severely atrophic total edentulous maxilla using smooth zygomatic 

implants and transnasal extra-long implants. 

 

MATERIALS AND METHODS 

MODELING  

Three-dimensional (3D) models of the maxilla, zygomatic bone, implants, prosthetic 

components and superstructure were used to evaluate the amount and distribution of 

stresses on the implants and underlying bone tissue. The 3D models of the maxilla and 

zygomatic bone were developed by simulating a fully edentulous patient with severe bone 

resorption. This model was created using Invesalius (Centro de Tecnologia da Informação 

Renato Archer, Brazil), Autodesk® MeshMixer™ (Autodesk, Inc), Ansys SpaceClaim 

(Ansys, Inc), and Autodesk Inventor (Autodesk, Inc) software. The geometries of the 
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implants, prosthetic components and screws were supplied by the manufacturer Neodent® 

(Curitiba, Paraná, Brazil). 

The FEA was performed in the following configuration: two 3.75x45 mm Zygoma-S® 

implants (Neodent®, Curitiba, Brazil) installed using the duct technique(6). Components of 

60 and 52 degree Mini Conical Abutments with gingival height of 1.5 mm (Neodent®, 

Curitiba, Brazil) were positioned in the regions of teeth 16 and 26, respectively. Two Helix 

Long GM® 3.75x20 mm (Neodent®, Curitiba, Brazil) and Mini Tapered Straight Abutment 

Components with gingival height 1.5 mm were installed in the anterior region using the 

transnasal technique. A prosthetic bar was modeled with dimensions of 5 mm in the region 

of the lowest height by 7 mm wide and retained by 4 screws with a 12 mm cantilever 

(Figure 1). 

  

Figure 1 – Three-dimensional model of the fully edendulous maxilla with 2 Zygoma-S implants®, two Helix 
Long GM® implants and angled Mini Conical Abutment components. 

 
 

Mathematical models were created by dividing complex geometric models into 

simple and small elements. Hexahedral elements were used in the region of the screw 

body and tetrahedral elements were used in the other areas of the model. In total, 

1,734,873 nodes and 1,121,174 elements were created (Figure 2). 
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Figure 2 – Mathematical model showing the mesh generated for the simulation. 

 
 

The implant-bone interface was found to be perfectly bonded to simulate complete 

osseointegration. For the other interfaces, friction-type contacts were considered. The 

regions shown in Figure 3 were also fixed by simulating the connection with the skull and 

stabilizing the model during the application of force. This choice constrains the movement 

in all three directions (x, y, z) and their corresponding rotations. 

 

Figure 3 – Representation of the fixation and restriction areas that stabilize the model during the application 
of forces. 

 
 

FINITE ELEMENT ANALYSIS 

Through the finite element methodology, it is possible to analyze the distribution of 

stresses in bone tissue, implants, components and screws. This distribution is evaluated by 

von Mises tensions. 

The models previously built using CAD software were processed and exported to the 

software for finite element analysis (ANSYS 2023, Workbench, Canosburg, PA, USA). After 

importation of the models, the loading condition as isometric bilateral bite and the 

magnitude of the force applied was 100N, in the cantilever region.  

In the finite element analysis, three types of materials were considered: type II bone, 

grade IV titanium for the implants, and Ti6Al4V-ELI alloy titanium for the metal bar, Mini 
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Conical Abutment components, and screws (Table 1). The mechanical properties of each 

component used were defined based on the scientific literature and standards (Table 1). 

The mechanical properties required were modulus of elasticity and Poisson coefficient of 

each material, assuming an isotropic, homogeneous and linear elastic mechanical 

behavior. 

 

Table 1 – Properties of the materials included in the finite element analysis 

Properties of materials 

Material 

Modulus of 
Elasticity – 

(MPa) - 
Stiffness 

Tensile Limit 
(MPa) 

Poisson 
coefficient 

(v) 
References 

Bone type II 5500 
170 

(compression) 
0,3 

Tada et al. (2003)   (7)  
Almeida et al. (2010)   (8)  

Titanium grade IV 110000 
483 

(minimum)* 
0,35 

ASTM F 67 
Menacho-Mendoza et al. 

(2022)   (9)  

Ti6Al4V-ELI (titânio 
liga) 

110000 
795 

(minimum)* 
0,35 

ASTM F 163 
Zhang & Wang (2023)   

(10)  
Wang, Fu & Deng (2015)   

(11)  

Interface 

Materials Nature of the interface 
Coefficient 
of friction 

References 

Bone x implant Brew - 
Eskitascioglu et 
al. (2004)   (12)  

Implant x prosthetic 
component x prosthetic 
parafuse x prosthetic 

bar 

Friction 0,2 
Haack et al. (1995)   (13)  
Lang et al. (2003)   (14)  

*Minimum values defined in the standard. In practice, the raw materials used by manufacturers can reach 
much higher values. 

 

RESULTS 

The stress distribution in the bone tissue reached a peak of 31.197 MPa located in 

the interface region with the collar of the Zygomatic Implant associated with the 60° Mini 

Conical Abutment in position 16 (Figures 4A and B). The maximum tension in the bone 

tissue adjacent to the zygomatic implant associated with the 52° Mini Conical Abutment in 

position 26 was 20,959 MPa (Figure 4C). It is possible to observe that the maximum 

tension in the bone tissue adjacent to the transnasal implants (9,110 MPa and 6,900 MPa) 

was at least 3 times lower than in the one adjacent to the zygomatic implants, also located 

in the region of interface with the implant collar (Figures 4D and E).  
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Figure 4 – Distribution of stresses on the cortical bone during loading. The red areas mean higher values and 
the blue ones, smaller. A) Palatine vision of the maxilla; B) Approximate view of the Zygoma-S implant 
associated with the 60° Mini Conical Abutment in position 16; C) Approximate view of the Zygoma-S implant 
associated with the 52° Mini Conical Abutment in position 26; D) Close view of the Helix Long implant in 
position 13; E) Close-up view of the Helix Long implant in position 23. 

 
 

By analyzing the stress distribution in the system's implants, it is possible to identify 

a maximum peak voltage of 250.53 MPa located in the palatal region of the Zygomatic 

Implant cone associated with the 60° Mini Conical Abutment in position 16 (Figures 5A and 

B). The zygomatic implant associated with the 52° Mini Conical Abutment in position 26 

had a lower maximum tension (212.48 MPa) than the other zygomatic implant and with 

maximum tension in the same palatal region of the implant cone (Figure 5C). The 

maximum tensions in the transnasal implants were similar, 150.78 MPa and 152.47 MPa in 

the implants in regions 13 and 23, respectively (Figures 5D and E).  
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Figure 5 - Stress distribution in the implants. The red areas mean higher values and the blue ones, smaller. A) 
Overview with all implants in the installation position; B) Approximate view of the Zygoma-S implant 
associated with the 60° Mini Conical Abutment in position 16; C) Approximate view of the Zygoma-S implant 
associated with the 52° Mini Conical Abutment in position 26; D) Close view of the Helix Long implant in 
position 13; E) Close-up view of the Helix Long implant in position 23. 

 
 

The maximum tension found in the prosthetic components was 237.95 MPa in the 

thread region of the straight Mini Conical Abutment associated with the transnasal implant 

in region 13 (Figures 6A and D). A similar tension of 228.83 MPa was also found in the 

thread of the straight Mini Conical Abutment associated with the transnasal implant in 

region 23 (Figure 6E). Regarding the prosthetic components associated with zygomatic 

implants, the maximum stresses were 150.22 MPa and 148.34 MPa located in the elbow 

region of the component and in the region of the screw seating in the 60° and 52° Mini 

Conical Abutments, respectively (Figures 6B and C). 
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Figure 6 - Stress distribution in the prosthetic components. The red areas mean higher values and the blue 
ones, smaller. A) Overview of all prosthetic components in the installation position; B) Approximate view of the 
60° Mini Conical Abutment associated with the Zygoma-S implant in position 16; C) Approximate view of the 
52° Mini Conical Abutment associated with the Zygoma-S implant in position 26; D) Approximate view of the 
Mini Tapered Pillar E) Approximate view of the straight Mini Conical Abutment associated with the Helix Long 
implant in position 23. 

 
 

The stress distribution in the screws of the angled Mini Conical Pillars was similar, 

being slightly higher in the screw of the 60° component with a maximum tension of 129.77 

MPa (Figure 7). In relation to the prosthetic screws, maximum stresses were all in the 

same region of the interface between the screw head and the body, ranging from 134.26 to 

202.28 MPa (Figure 8). 
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Figure 7 - Stress distribution in the screws of the angled prosthetic components. The red areas mean higher 
values and the blue ones, smaller. A) Overview of all the screws of the angled prosthetic components in the 
installation position; B) Close-up view of the screw of the Mini Tapered Abutment C) Close-up view of the 
screw of the straight Mini Conical Abutment associated with the Helix Long implant in position 23. 

 
 

Figure 8 - Stress distribution in prosthetic screws. The red areas mean higher values and the blue ones, 
smaller. A) Overview with all prosthetic screws in installation position; B) Approximate view of the prosthetic 
screw associated with the Zygoma-S implant associated with the 60° Mini Conical Abutment in position 16; C) 
Approximate view of the prosthetic screw associated with the Zygoma-S implant associated with the 52° Mini 
Conical Abutment in position 26; D) Approximate view of the prosthetic screw associated with the Helix Long 
implant in position 13; E) Approximate view of the prosthetic screw associated with the Helix Long implant in 
position 23. 
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Finally, the greatest stresses generated in the prosthetic bar are located in the 

region of the zygomatic implants, with a maximum value of 123.32 MPa (Figure 9). 

 

Figure 9 - Stress distribution on the prosthetic bar. 

 
 

The maximum von Mises values in each element of the model are described in Table 

2. Higher values were found in zygomatic implants than in transnasal implants. On the 

contrary, it is seen in prosthetic components, where the components associated with 

transnasal implants presented higher stresses than the components associated with 

zygomatic implants. 

 

Table 2 – Table of maximum von Mises stresses in each element of the model. 

Implant [angulation] 
[position] 

Voltages (Mpa) 

Bone Implant 
Prosthetic 
component 

Parafuse 
(prosthetic 

component) 

Prosthetic 
paraphuse 

Prosthetic 
bar 

Zygomatic [60th] [16] 31,18 250,53 150,22 129,77 190,91 

123,32 
Zygomatic [52nd] [26] 20,96 212,48 148,35 119,42 134,26 

Helix Long [0º] [13] 9,11 150,78 237,95 - 188,30 

Helix Long [0º] [23] 6,90 152,47 228,83 - 202,28 

 

DISCUSSION  

In this study, we evaluated the mechanical behavior of the hybrid all-on-4 technique 

by associating smooth zygomatic implants with extra-long transnasal implants through the 

distribution of stresses generated by the finite element method. Finite element analysis is a 

non-invasive method that can be performed whenever necessary at no extra cost and 

quickly. When coupled with clinical data, it helps confirm the safety and performance of 

different dental implant installation techniques.  
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The quad-zygoma technique is an alternative for patients without enough bone in the 

anterior region to be treated by the hybrid all-on-4 technique with conventional implants. 

However, this technique is riskier and requires greater operator experience. Thus, as an 

option, the hybrid all-on-4 technique can be used with extra-long implants with transnasal 

anchorage(4). In this approach, the first step in performing transnasal osteotomy involves 

elevating the nasal mucosa of the distal and inferior nasal walls, using specific curettes for 

paranasal sinuses. Drilling is performed only after accurately identifying the position of the 

inferior nasal concha and the conchal crest of the maxilla, which define the location of the 

apex of the transnasal implant. Throughout the process, the nasal mucosa is carefully 

protected by means of periosteal detachers or sinus curettes, ensuring that the drills do not 

cause damage to the tissue(3). 

To facilitate the planning of atrophic maxillary rehabilitation, studies theoretically 

divide the maxilla into regions to facilitate the visualization of anatomical structures and one 

of these regions is known as the "Z-point". This "Z-spot" is the region between the lateral 

wall of the nasal cavity and the medial wall of the maxillary sinus, at the level of the inferior 

nasal concha. Extra-long implants can be anchored in this region as long as there is a 

minimum of 3 mm of bone for anchorage. In addition, a minimum bone height of 4 mm is 

required between the alveolar ridge of the maxilla and the nasal cavity to ensure sufficient 

primary stability for immediate loading.  This technique should be avoided in patients with a 

very large nasal cavity in the laterolateral direction (15). 

The technique is not yet widely disseminated in the literature, but some clinical 

cases demonstrating the feasibility and safety of the technique have already been 

published. Nunes et al. (2024) treated three patients with the hybrid all-on-4 technique 

using two zygomatic implants and two extra-long implants with transnasal anchorage. 

Implant survival was 100%. There were no biological complications and only one acrylic 

crown fractured in a temporary prosthesis. In two other case reports, the same procedure 

was performed without complications(15,16). A finite element analysis study evaluating this 

technique can complement the understanding of the mechanics involved. In view of this, 

Almeida et al. (2021)(16) suggested conducting finite element analysis studies with the 

purpose of analyzing the stresses generated by extra-long transnasal implants in adjacent 

bone tissues, prosthetic components, and prosthetic screws. 

In the present study, the maximum stresses found in each element of the evaluated 

model do not exceed the strength limit of the materials, which is 170 MPa for the type of 
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bone studied, 483 MPa for grade 4 titanium and 795 MPa for titanium alloy, according to 

table 1 mentioned above. Indicating that the system resists the stresses applied to it. 

The higher stresses found in zygomatic implants can be explained by the application 

of forces on the cantilever. In this study, 100N of force was applied bilaterally to the 

cantilever. This application generates a lever movement that compresses the posterior 

implants (zygomatic) and tensions the anterior implants (long implants), in this way, the 

distribution of tensions in the zygomatic implant is more expressive. In addition, a greater 

distribution of stresses in the palatal region of zygomatic implants can be observed. In 

inclined implants, occlusal forces fall in parallel, increasing lateral tensions and 

momentum(17) leading to a concentration of tension in the palatal region of the implant, 

whereas in straight implants, such as transnasal implants, the tensions are evenly 

distributed in the region of the implant cone. 

It is possible to observe that the tensions were higher in the prosthetic components 

associated with the transnasal implants. As the lever arm generated by the cantiveler pulls 

the transnasal implants, the thread region of the prosthetic component undergoes greater 

effort to maintain the component-implant connection. Thus, the maximum stresses on the 

prosthetic components of transnasal implants are more expressive than the stresses of the 

components associated with zygomatic implants. The stress distribution was similar 

between the 52 and 60° prosthetic components, and the highest stresses were located in 

the elbow region of the component and in the region where the screw is seated. This higher 

stress in the region of the bolt settlement is due to the preload that these bolts receive with 

the application of torque in the installation and in the elbow region is due to the sudden 

change in geometry. 

The limitations of this study are the same as those of any finite element study, not 

mimicking 100% what happens in clinical practice. The authors recommend that clinical 

studies be conducted to prove the safety and performance of the hybrid all-on-4 technique 

using zygomatic implants and extra-long implants with transnasal anchorage. In addition, in 

this study, oblique forces from lateral movements during chewing were not considered.   

 

CONCLUSION  

The present study revealed that the rehabilitation of severely atrophic maxillae by 

the hybrid all-on-4 technique using two zygomatic implants and two extra-long implants 

with transnasal anchorage is biomechanically favorable and reliable. Additionally, the 
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maximum stresses found in each element of the evaluated model do not exceed the 

resistance limit of the materials, indicating that the system resists the stresses applied to it.  
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