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Abstract: The article presents the numeric analysis, using the 

finite element method (MEF) of the implant - maxillary 

assembly with the purpose of establishing the correct 

implantation position depending on the bone configuration in 

the implantation zone of the patient and on the implant (screw) 

type, efficient from the osteointegration point of view. For the 

investigation of biomechanical behaviour of the implant-bone 

interface two cases for analysis were considerate: case A – the 

implant is fixed only in the trabecular zone of the maxilla and 

case B - the implant is fixed in the trabecular zone and also in 

the cortical zone of the maxilla. The implant screws are similar 

in terms of outside diameter but have different length, the state 

of strain and tension of the implant-bone interface were 

determined using ANSYS program, the results being compared. 
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1. INTRODUCTION  
 

Oral implantology has emerged as a necessity for 

single, partially or completely edentulous patients, when 

physiognomic, functional and/or phonetic needs can not 

be satisfied by the classical methods of treatment [6]. 

Therefore, dental implants are used within the limits 

imposed by the availability of bone in three planes 

(sagittal, frontal and transverse) and by the edentulous 

ridges of the internal and external morphology in relation 

to structures such as the maxillary sinus, nasal cavity, 

mandibular canal, the hole between lower premolars, 

periosteal mucosa alveolar crest bone covering, etc. 

Bone density available in an edentulous area, implant 

design, surgical approach, healing period and initial 

progressive bone requests during the prosthetic 

reconstruction have a major influence on the treatment 

plan. 

Bone quality can be classified into four groups D1, 

D2, D3, and D4, Misch classification suggesting a 

composition, location and a measurable density reading 

(Hounsfield units) for each type of bone (Tab. 1) [5]. 

This classification was more recently supplemented with 

D5, which correspond to immature bone densitywith 

incomplete mineralization resulting from bone 

edentulous ridge augmentation. 

 

Bone type Localisation Description 

 
a) Dense cortical - D1 

primarily in the 

anterior mandible 

 almost all cortical bone, fewer intrinsic blood vessels and 

depends for a significant portion of nutrient and blood supply on 

the periosteal; 

 the greatest bone to implant contact (BIC) exceptional initial 

implant stability; 

 1250Hounsfield units. 

 
b) Porous cortical  - D2 

the anterior and 

posterior 

mandible 

 thick crestal layer of cortical bone and coarse trabecular bone 

underneath the cortical abundant intrinsic vascularisation due to its 

coarse structure; 

 offers a excellent BIC ratio; 

 850-1250Hounsfield units. 

 
c) Coarse trabecular - D3 

the anterior and 

posterior maxilla 

but also in the 

posterior 

mandible. 

 a porous crestal layer of cortical bone and fine trabecular 

bone underneath the cortical bone; 

 well vascularised and therefore aides in osteointegration; 

 favourable to utilize implants with a titanium plasma spray 

(TPS) or hydroxyapatite (HA) coating; 

 350-850Hounsfield units. 

 
d)Fine trabecular - D4 

the posterior 

maxilla 

 primarily fine trabecular bone, often the absence of cortical 

bone; 

 the least amount of BIC; 

 150-350Hounsfield units. 

Tab. 1. Bone classification according to Misch [5] 
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Primary stability of an implant is dependent on the 

size of cortical bone, while long-term stability is 

influenced by the supply of cancellous bone. Vestibular 

cortical thickness varies depending on the dental arch and 

on the presence or the absence of teeth, thus the 

vestibular cortical bone thickness where edentulous can 

range from 1-2.1 mm, and the dentate is 1.6-2.2 mm.  

At the edentulous, the thickest area is located in the 

posterior mandible and the thin area above the anterior 

maxilla. Instead, the dental thickest area is located in the 

posterior maxilla and the thin area above the anterior 

mandible. Using computed tomography and conventional 

radiography (the incidence of retro alveolar, digital 

radiography, panoramic) with low diagnostic value, bone 

density can be evaluated preoperatively [2], [3], [6]. 

The tissue integration on the surface of a functional 

and healing implant can be achieved in 3 ways [1], [3], 

[4]: 

1. Osteointegration – represents the way of tissue 

integration in that first tissue from implant interface 

which retrieves the occlusal loads is bone tissue; 

2. Osteoconservation –represents the way of tissue 

integration in that first tissue from implant interface 

which retrieves the occlusal loads is around of the 

implant ligament (composed of collagen fibres osteo 

stimulating decreases the forces that are transmitted to 

the surrounding bone tissue); 

3. Periosteal integration – represents the way of tissue 

integration in that first tissue from implant interface 

which retrieves the occlusal loads is a dense collagen 

tissue layer what is the external layer of the periosteal. 

This layer reduces the forces that are transmitted to the 

cortical bone [1], [2], [3], [6], [7]. 

Osteointegration depends on implant design, surface 

texture, material biocompatibility, surgical procedure and 

loading conditions. Due to the ultrastructure of 

cytoplasmic and histopathological studies carried out at 

the implant/bone interface which revealed a microns 

space of proteoglycans (20-30Å) without fibrous tissue 

the term tissue integration is more suiTab. (bone 

integration and epithelia conjunctiva) and not 

osteointegration [1], [4], [6], [7]. 

 

2. METHOD AND MATERIAL 
 
Two cases were considered for analysing the implant-

bone assembly: 

-  Case A – the implant (screw) is fixed only in the 
trabecular zone of the maxillary bone; 

-  Case B – the implant (screw) is fixed in the trabecular 
zone and also in the cortical zone of the maxillary 
bone. 

The screws used are similar in terms of outside 
diameter, but they have different length: L1=13mm, 
L2=8mm (Figure 1). 

 

2.1 Discussion regarding the achievement of the 

numeric model for investigated cases 

For both cases taken into account the geometrical 

models were made in a CAD program (program of 

structural designing), namely SolidWorks. Using the 

SolidWorks the geometries of the both dental implants 

were designed separately and imported in Ansys 

software. Due to the fact that the study was focused on 

determining the deformation and strain state from the 

implant-maxilla interface, it was not necessary to model 

the entire maxilla. Therefore, only the implantation zone 

covering the implant in a cylinder to which bone 

properties were applied was used for simulation. 

Further the stages of the numeric simulation in 

ANSYS will be presented in detail for case B: variant 1 – 

implant1-trabecular - cortical bone assembly, variant 2 – 

implant 2 – trabecular-cortical bone assembly. 

Figure 3 presents the model for case B - variant 1: 
implant screw 1- trabecular + cortical bone assembly. 
The material properties assigned to assembly components 
(Tab. 2).  
 

 
                     Implant screw 1                    Implant screw 2               
Fig. 1.The geometrical model of the implants 

 

 
Fig. 2. The geometrical model – variant 1 

 

Material E, [MPa] ν, [-] 

Ti Alloy 1·105 0.3 

Trabecular bone 150 0.3 

Cortical bone 15000 0,3 

Tab. 2. Material properties for bone and implant screw 

 

 
Fig. 3. Discretisation model 
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Fig. 4. The loading and locking mode – variant 1 

 

After assignment of materials, the assembly was 

discretized in Ansys creating a network of 3D elements. 

Following the discretization process 53953 nodes and 

30963 elements were obtained (Figure 3). 
 

2.2 The model constraints 

Due to the fact that trabecular zone is very small, the 

case when the implant comes out from it, was analysed. 

This way the model was fixed on the whole outer contour 

(Figure 5 a, b and c) and as an external load was applied 

a force of 150 N under an angle of 15°. 
 

  
Movements on OX axis – a)           Movements on OY axis – b) 

Fig. 5. a,b. The movement distribution for case B, variant 1 

 

 
Movements on OZ axis – c) 

Fig. 5.c. The movement distribution for case B, variant 1 

 
a) 

 
b) 

Fig. 6. Equivalent strain distribution in implant and assembly 

 

 
Fig. 7 The geometric model – variant 2 

 

 
Fig. 8. Loading and locking mode – variant 2 

 

Figure 7 presents the model in case B – variant 2 of 

the assembly consisting in: implant 2- trabecular + 

cortical bone. 
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Fig. 9. Discretisation mode for case B, variant 2 

 

 
Movement on OX axis 

 
Movement on OY axis 

Fig. 10. The displacements distribution for case B, variant 2 

 

The same properties of material and the same loading 

force were used also in case B, variant 2 for the assembly 

components (Figure 8). Following the discretization 

43567 nodes and 24774 elements were obtained (Figure 

9). 

 

3. CONCLUSIONS AND DISCUSSIONS 
 

The article presents a comparative analysis of two 

cases of implant (dental screw) – bone assemblies based 

on finite element analysis of the state of strain and 

tension using Ansys software. For each case, two 

variants were analysed, depending on the implant 

position (trabecular bone – case A, trabecular-cortical 

bone – case B). The results presented in figure 6, as a 

result of applying of a load of 150 N (mastication force 

from incisor teeth zone), showed a small displacement of 

the implant on axial and lateral direction in upper part of 

the implant and in the peak zone. 

Figure 7, representing the strain state distribution 

from implant-bone assembly, showed that the whole load 

is taken by the implant result a favourable 

osteointegration process. 

  
a) 

 
b) 

Fig. 11. Strain state from implant-bone assembly a) and b) 

 

Analysing the maps in figure 10, it can be seen that 

for a shorter implant, a cortical bone graft can be made in 

order for the top of the implant to be fixed in cortical 

bone. Therefore, this can be considered as an optimal 

implantation solution in case when an implant with a 

longer length cannot be used.The same observation can 

be made by analysing the maps from figure 11: the 

implant is taking the load, which confirms our previous 

conclusion for establishing the correct implant position. 

This paper is a study in the doctoral internship. In the 

future I will focus on modeling the modification form 

implants. 
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