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Abstract: This study investigates the influence of dental implant insertion depth on strain states within the 
peri-implant bone tissue. Using a finite element model based on a human mandible CT data, variations  
in insertion depth were simulated, ranging from 0 mm to 2 mm in 0.5 mm increments. The analysis focused  
on a defined volume around the implant, evaluating strain intensities categorized according to the Mechanostat 
hypothesis. Results revealed notable differences in strain distribution within cancellous bone with increasing 
insertion depth, highlighting potential implications for bone response. While cortical bone showed consistent 
strain patterns, variations in cancellous bone suggest a nuanced relationship between insertion depth and peri-
implant bone strain. 
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1. Introduction 

The discovery of the phenomenon of osseointegration has led to significant advancements in the field  
of dental implantology. Modern implantology introduces new possibilities in terms of sizes, materials,  
and designs for dental implants. These possibilities extend beyond visual differences to also encompass 
techniques used for dental implant insertion. Among others, 3D imaging techniques are becoming widely 
employed not only for pre-insertion preparation but also during the actual implant insertion. 

The effort expended during insertion is crucial not only for ensuring the problem-free function of the dental 
implant but also for aesthetic considerations. One widely used protocol for implant placement involves 
subcrestal placement, where the implant is positioned beneath the alveolar crest. The depth of insertion can 
vary between 0.5 mm and 3 mm below the crest (Poovarodom et al., 2023). 

Mechanical strains in the bone tissue around the dental implant are influenced by the quality of the bone 
tissue itself, but the method and depth of insertion also play their significant roles (Chou et al., 2010; Rito-
Macedo et al., 2021). From the perspective of determining strain states, the peri-implant area around  
the dental implant is crucial. The aim of this study is to investigate the impact of dental implant insertion 
depth on strain states in peri-implant bone tissue. 
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2. Methods 

To assess mechanical strains in the peri-implant bone tissue resulting from dental implant loading, 
computational modelling using the finite element method was utilized. Specifically, Ansys software 
(ANSYS Academic Research Mechanical, Release 2022 R2; Swanson Analysis Systems Inc)  
was employed for the solution. Details regarding the development of the computational model are provided 
in the following subsections. 

2.1. Geometry model 

One human mandible was acquired from the Department of Anatomy, Faculty of Medicine, Masaryk 
University Brno, Czech Republic in full compliance with relevant institutional and legislative requirements. 
The mandible was then scanned using CT (Philips) with voxel size 0.49 mm x 0.49 mm x 0.45 mm. In total, 
231 anonymized CT images were obtained. These images were processed using automatic and manual 
segmentation to create a model of the geometry of the typical human mandible. It should be noted that the 
cortical and cancellous bone tissues were segmented and modelled separately. Both bone tissue geometry 
models are available at 10.5281/zenodo.10636072.  

The dental implant was positioned in the premolar region. Specifically, the Brånemark dental implant 
including the abutment (Brånemark® System Mk III Groovy (NP Ø 3.3 mm, 11.5 mm)) was utilized in all 
variants. The variants differed in the depth of dental implant insertion, ranging from 0 mm to 2 mm  
in increments by 0.5 mm (see Fig. 1). It is assumed that there is no direct contact between the abutment and 
the bone; hence, no abutment osseointegration was modelled. Instead, a conical gap between the abutment 
and the cortical bone was modelled as illustrated in Fig. 2a. 

 
Fig. 1: Model variants with different insertion depths. 

2.2. Material model 

Cortical bone tissue, a portion of cancellous bone tissue and the dental implant (made of a titanium alloy) 
were modeled assuming a linear-elastic, homogenous, and isotropic material defined by two material 
characteristics, Young’s modulus (E) and Poisson’s ratio (µ). Specifically, E = 13 700 MPa and µ = 0.3 for 
cortical bone (Menicucci et al., 2002), E = 1 370 MPa and µ = 0.3 for cancellous bone, E = 110 000 MPa 
and µ = 0.34 for the implant (Park et al., 2022). 

A portion of cancellous bone assuming a linear-elastic and isotropic material that is inhomogeneously 
distributed. This material model was created based on CT images data; specifically, utilizing the 
relationship between Hounsfield units (HU), bone density (𝜌) and Young’s modulus (E) (Eqs. (1) and (2)), 
an APDL macro was generated using the CTPixelMapper_v1-7 software application (Borák and Marcián, 
2017). This macro assigns material characteristics to the nodes of the FE model (see Fig. 2b). 

 ρ = 0.114 + 0.000916 · HU [g/cm3] (1) 

 E = 2349 · ρ2.15 [MPa] (2) 
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Fig. 2: a) Gap between abutment and cortical bone tissue, b) Distribution of material properties  

of segment of cancellous bone tissue (black lines represent VOI). 

2.3. Load and boundary conditions 

For the purpose of this analysis, masticatory muscle static forces were taken into account to simulate 
chewing. Forces and their directional vectors, as per authors Korioth and Hannam (Korioth, 1996), were 
incorporated into the FE model. The function of the temporomandibular joint was simulated by applying  
a spherical constraint to the surfaces associated with the mandibular condyles. To simulate the biting, the 
top of the abutment was restricted from moving in the direction of implant axis by using a remote 
displacement function in the FE software.  

2.4. FE mesh  

The geometry was meshed in Ansys using quadratic tetrahedral SOLID 187 elements, with a global element 
size of 0.45 mm and 0.04 mm for dental implant and areas of contact between dental implant and bone 
tissue, respectively. The mechanical interaction between the bone tissue and the implant was modelled 
using contact elements CONTA174 and TARGE170. The implant was assumed to be fully osseointegrated 
(i.e., a bonded contact option was used in the FE model). 

3.Results and discussion 

The analysis focused on strains in a limited volume of the peri-implant region of the bone. The volume  
of interest (VOI) was defined as a cylinder with a diameter of 6 mm around the implant and height  
of 18 mm from top of the abutment. Specifically, the VOIs in all variants were evaluated for strain intensity, 
defined as the difference between the maximum and minimum principal strains. Isolines of strain intensity 
for all variants can be seen in Fig. 3.  

 

Fig. 3: Isolines of strain intensity in VOI. 
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Subsequently, the strain intensities in the FE nodes of the VOI were categorized using strain intervals 
defined by the Mechanostat hypothesis (Frost, 2004). Percentage shares of these intervals within the VOI 
were evaluated and compared among the variants (see Fig. 4). In particular, the intervals are defined as 
follows: (I1) 0–100 με, indicating no bone response; (I2) 100–1 000 με for bone resorption; (I3)  
1000–1500 με and (I4) 1 500–3 000 με for bone modelling; (I5) 3 000–25 000 με for pathological overload; 
and the last one (I6), >25 000 με, representing the threshold for bone fracture. 

 
Fig. 4: Percentage of bone tissue in VOI: a) cancellous bone tissue, b) cortical bone tissue. 

The difference in percentages within cortical bone tissue is not significant across all variants. Regardless 
of the insertion depth, the majority of strains within the VOI fall within interval I2 (67–70 %). As the 
insertion depth increases, the proportion of cortical bone tissue in direct contact with the dental implant 
decreases, leading to a slight increase of overload in the areas of contact (share of I4 in the VOI increased 
from 4 % to 10 %) while other tissues remain underutilized. 

However, in cancellous bone, a noticeable shift in the percentages within individual intervals is observed 
with an increase of the insertion depth. As the depth increases, there is a noticeable increase in the shares 
of intervals I4 and I5, indicating a greater portion of the VOI is subjected to increased strains. Specifically, 
for a dental implant inserted crestally (with a 0 mm insertion depth), most of the bone tissue is distributed 
across intervals I3 and I4. With a 2 mm insertion depth, the predominant amount of bone tissue is found 
within interval I4. 
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