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Abstract  

The increasing use of dental implants has boosted demand for innovative prosthetic solutions. These new forms and 

approaches aim to improve clinical handling and treatment quality, offering better results and greater efficiency in 

patient care. Among recent developments, the grand Morse connection has become popular, yet no scientific studies 

have compared its mechanical performance with external hexagon implants or Morse cone implants. The objective of 

this study was to comparatively assess the mechanical characteristics of two types of prosthetic connections (external 

hexagon and grand Morse) in posterior maxilla rehabilitation, employing the finite element method: external hexagon 

and grand Morse (4.0 mm x 8.0 mm - Hélix Neodent), both with screw-retained crowns. Virtual models were 

generated with CAD software Rhinoceros 7® based on a posterior maxillary segment’s bone shape from the BioCAD 

protocol. A primary-order tetrahedral 3D mesh was created for analysis, simulating 100N loads at a 30º angle to the 

implant axis. Results showed greater shifting in the external hexagon model (0.1399 mm) compared to the grand 

Morse model (0.0208 mm). Stress analysis revealed similar patterns near the implant platform, but the external 

hexagon model exhibited higher von Mises stress (148.4 MPa) compared to the grand Morse model (99.03 MPa), 

which had better stress dispersion. Maximum Principal Stress was higher for the grand Morse model. Thus, the 

implant platform connection design affects stress distribution and intensity. 

Keywords: Finite element analysis; Dental prosthesis, implant-supported; Dental implant; Maxilla. 
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Resumo  

O crescente uso de implantes dentários tem impulsionado a demanda por soluções protéticas inovadoras. Essas novas 

formas e abordagens visam aprimorar tanto o manuseio clínico quanto a qualidade do tratamento, oferecendo 

melhores resultados e maior eficiência no atendimento ao paciente. Entre os desenvolvimentos recentes, a conexão 

Morse grande se tornou popular, mas não há estudos científicos que tenham comparado seu desempenho mecânico 

com o dos implantes de hexágono externo ou cone Morse. O objetivo deste estudo foi avaliar comparativamente as 

características mecânicas de dois tipos de conexões protéticas (hexágono externo e grand Morse) na reabilitação da 

maxila posterior, empregando o método de elementos finitos: hexágono externo e Morse grande (4,0 mm x 8,0 mm - 

Hélix Neodent), ambos com coroas retidas por parafuso. Modelos virtuais foram gerados com o software CAD 

Rhinoceros 7® com base na forma óssea de um segmento da maxila posterior do protocolo BioCAD. Uma malha 

tetraédrica 3D de ordem primária foi criada para a análise, simulando cargas de 100N a um ângulo de 30º em relação 

ao eixo do implante. Os resultados mostraram um deslocamento maior no modelo de hexágono externo (0,1399 mm) 

em comparação ao modelo Morse grande (0,0208 mm). A análise de estresse revelou padrões semelhantes próximos à 

plataforma do implante, mas o modelo de hexágono externo exibiu maior estresse von Mises (148,4 MPa) em 

comparação ao modelo Morse grande (99,03 MPa), que apresentou uma melhor dispersão de estresse. O Estresse 

Principal Máximo foi mais elevado no modelo Morse grande. Assim, o design da conexão da plataforma do implante 

afeta a distribuição e a intensidade do estresse.  

Palavras-chave: Análise por elementos finitos; Prótese dentária fixada por implante; Implante dentário; Maxila. 

 

Resumen  

El creciente uso de implantes dentales ha impulsado la demanda de soluciones protésicas innovadoras. Estas nuevas 

formas y enfoques pretenden mejorar tanto el manejo clínico como la calidad del tratamiento, ofreciendo mejores 

resultados y una mayor eficiencia en la atención al paciente. Entre los desarrollos recientes, se ha popularizado la 

conexión grand Morse, pero ningún estudio científico ha comparado su rendimiento mecánico con los implantes de 

hexágono externo o los implantes de cono Morse. El objetivo de este estudio fue evaluar comparativamente las 

características mecánicas de dos tipos de conexiones protésicas (hexágono externo y grand Morse) en la rehabilitación 

del maxilar posterior, utilizando el método de elementos finitos: hexágono externo y grand Morse (4,0 mm x 8,0 mm - 

Hélix Neodent), ambos con coronas atornilladas. Los modelos virtuales se generaron con el software CAD Rhinoceros 

7® basándose en la forma ósea de un segmento maxilar posterior a partir del protocolo BioCAD. Se creó una malla 

3D tetraédrica de orden primario para el análisis, simulando cargas de 100 N en un ángulo de 30º respecto al eje del 

implante. Los resultados mostraron un mayor desplazamiento en el modelo de hexágono externo (0,1399 mm) en 

comparación con el modelo de gran Morse (0,0208 mm). El análisis de tensiones reveló patrones similares cerca de la 

plataforma del implante, pero el modelo de hexágono externo mostró una mayor tensión de von Mises (148,4 MPa) en 

comparación con el modelo grand Morse (99,03 MPa), que presentaba una mejor dispersión de tensiones. La tensión 

principal máxima fue mayor en el modelo grand Morse. Así pues, el diseño de la conexión de la plataforma del 

implante afecta a la distribución e intensidad de las tensiones. 

Palabras clave: Análisis de elementos finitos; Prótesis dental de soporte implantado; Implante dental; Maxilar 

superior. 

 

1. Introduction  

There has been a significant increase in implant rehabilitations for patients who have experienced the loss of one or 

more teeth in the past few decades (Alemayehu & Jeng, 2021; Brune et al., 2019; Jafari et al., 2022; Shamami et al., 2014; 

Yang et al., 2020). Due to the biocompatibility of titanium with adjacent bone tissue, dental implants have achieved high long-

term success rates, promoting the process known as osseointegration (Gupta et al., 2021; Jafari et al., 2022; T. Wu et al., 2017). 

After osseointegration is established, the implant-bone system relies on the biomechanics and chemical stability between the 

bone tissue and titanium, which must withstand the torque generated by the friction between surfaces during masticatory forces 

(Jafari et al., 2022). 

There is ample evidence in the literature indicating various factors that can contribute to implant failure, including 

bone quality, surface treatment, geometry, and early bone loss in the peri-implant region (Macedo et al., 2017; Silva et al., 

2021). Factors related to the biomechanics of implants are crucial for the success of this type of treatment, as there must be 

proper dissipation of masticatory forces to the supporting bone (Altıparmak et al., 2023). Therefore, the distribution of stresses, 

displacements, and deformations in the peri-implant regions has received special attention (Khorshidparast et al., 2023; Nesbitt 

et al., 2023; Zhang et al., 2022). 
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One key aspect to consider is the bone stability and preservation around the implant platform (Nesbitt et al., 2023). 

The type of prosthetic connection present on the platform directly influences the mechanical behavior of the implants and the 

dissipation of loads to the adjacent bone (Bittencourt et al., 2021; Valera-Jiménez et al., 2020; Vinhas et al., 2020; Zhang et al., 

2022). Even with full osseointegration of implants, there remains a risk of bone resorption in the peri-implant regions, often 

stemming from bacterial infection or excessive loading due to masticatory forces. (Odo et al., 2015; Valera-Jiménez et al., 

2020; Vinhas et al., 2020). Therefore, one of the most important variables determining the ability of implants and prosthetic 

components to tolerate loads during or after osseointegration is the design of the platform (Almeida & Pellizzer, 2008). 

Over the last few years, a variety of implant prosthetic connections geometries have emerged, each exhibiting distinct 

mechanical, biological, and aesthetic characteristics (Almeida & Pellizzer, 2008). These connections primarily fall into two 

categories: internal and external geometries (Almeida & Pellizzer, 2008). External connections typically feature an external 

hexagon on the implant platform, whereas internal connections encompass internal hexagons, internal octagons, and Morse 

taper connections. (Almeida & Pellizzer, 2008; Lemos et al., 2018; Liang et al., 2015). Several studies have presented out 

mechanical complications with external hexagon connections due to their low resistance to oblique forces (Bittencourt et al., 

2021; Menacho-Mendoza et al., 2022; Valera-Jiménez et al., 2020; Vinhas et al., 2020). 

Among the reported mechanical problems are screw loosening, screw fracture, and abutment rotation (Odo et al., 

2015). For this reason, recent studies have focused on new characteristics of dental implants and prosthetic connection 

systems, for example the platform switching associated with Morse taper connections (Lemos et al., 2018). Compared to other 

systems, the Morse taper connection provides greater stability in the crestal bone when subjected to axial and lateral forces 

(CATÁLOGO DE PRODUTOS NEODENT ® 2 0 2 3, n.d.; H. Wu et al., 2021). 

In this context, implants with a new type of prosthetic platform called the grand Morse (GM) have recently been 

introduced to the market. Similar to Morse taper implants, the GM line also applies the concept of platform switching (Moreira 

et al., 2022). However, there are currently no studies in the literature that have mechanically tested the effectiveness of this 

new platform design or confirmed its mechanical similarity to Morse taper implants (Sciasci et al., 2018). 

Multiple methods can be utilized to assess the mechanical behavior of an implant-supported prosthesis, such as 

photoelasticity, holographic interferometry, digital image correlation, and three-dimensional finite element analysis (FEA) 

(Brozović et al., 2014; Guessasma et al., 2022; Liu et al., 2022; H. Wu et al., 2021). Among these techniques, FEA has 

demonstrated to be a dependable and precise instrument for examining the mechanical characteristics of implant-supported 

prostheses and is widely used worldwide in the fields of science and engineering to simulate the behavior of complex systems 

subjected to loads and deformations (Cervino et al., 2020; Gil-Marques et al., 2022; Roy et al., 2018; Tenenbaum et al., 2003). 

FEA has been utilized in the realm of dental implants to forecast stress distribution patterns at the implant-bone 

interface, encompassing not only shape comparisons. (cylindrical or tapered) (Bordin et al., 2018), diameters (Altıparmak et 

al., 2023), and lengths (Almeida & Pellizzer, 2008) but also to simulate various oral conditions (Liang et al., 2015) and types 

of prostheses (Brozović et al., 2014; Buser et al., 2017; Menacho-Mendoza et al., 2022). FEA is a numerical technique 

enabling stress calculations, displacements, and deformations through the assessment of the evaluation of the equation 

governing the mechanical properties of materials (Y.-L. Wu et al., 2022). The method offers the advantage of resolving 

complex structural issues by subdividing intricate geometries into significantly smaller domains (elements) and computing the 

response to applied forces. (Y.-L. Wu et al., 2022). 

The objective of this study was to comparatively assess the mechanical characteristics of two types of prosthetic 

connections (external hexagon and grand Morse) in posterior maxilla rehabilitation, employing the finite element method. 
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2. Material and Methods 

The methodology is important for an experiment to be reproducible. The present study is experimental, laboratory 

research, of a qualitative and quantitative nature using finite element analysis (Pereira et al., 2018). 

 

Geometry of the models  

The methodology is important for an experiment to be reproducible. The present study is experimental, laboratory 

research, of a qualitative and quantitative nature using finite element analysis (Pereira et al., 2018).  

The first step was the generation of CAD drawings of the implants, components, and adjacent bone using Rhinoceros 

7® software from McNell. The bone architecture was developed based on the BioCAD protocol. Implants with HE and GM 

prosthetic connections measuring 4.0 mm x 8.0 mm - Hélix-Neodent were used for the finite element analysis. The prosthetic 

components used for both analyses were the SF Conical Abutment for HE implants and the Exact GM Abutment for GM 

implants, both from Neodent®, rehabilitated with a screw-retained device simulating a dental crown. The CAD models of the 

implants, components, crown, and test bodies are represented in Figure 1A, B. 

 

Figure 1 - CAD of GM and HE implants installed in the bone block. A, lateral view of the GM model CAD, composed of the 

bone structure and GM abutment (purple). B, lateral view of the HE model CAD, composed of the bone structure, SF conical 

abutment (yellow), and screw-retained prosthetic crown (red). 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Authors' archive 

 

For the finite element analysis, it is necessary to generate a mesh to represent and simplify the model. After editing 

the CAD files, HyperMesh 2021 software from Altair® was used to define the boundary conditions of the virtual models and 

create a first-order tetrahedral 3D mesh.  

The virtual models represent a posterior segment of the maxilla, specifically in the region of the upper first molar, and 

simulate trabecular bone covered by a thin layer of 1.5 mm of cortical bone. To build both models, it was necessary to provide 

the mechanical characteristics of the materials involved in order to calculate the displacement responses and stresses resulting 

A B
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from the applied forces in the analyses. Therefore, it was essential to investigate the literature for values of two mechanical 

characteristics: the elastic modulus, also known as Young's modulus, and the Poisson's ratio (Table 1). 

 

Table 1 - Values of the mechanical characteristics of the materials used. 

               Materials Young's modulus (MPa) Possion coefficient 

Cortical bone (Bittencourt et al., 2021; Patil et al., 

2019; Roy et al., 2018; H. Wu et al., 2021; T. Wu et 

al., 2017) 13.700 0.3 

Trabecular bone (Bittencourt et al., 2021; Patil et al., 

2019; Roy et al., 2018; H. Wu et al., 2021; T. Wu et 

al., 2017) 1.370 0.3 

Titanium (abutments, screws, implants) (Bittencourt 

et al., 2021; Patil et al., 2019; Roy et al., 2018; H. Wu 

et al., 2021; T. Wu et al., 2017) 110.000 0.35 

Chorme-cobalt alloy (Bicudo et al., 2016) 218.000 0.33 

Source: Authors' archive. 

 

Afterwards the mechanical properties of the materials were determined and inputted into the software, the support and 

fixation regions were selected, along with the type of contact they exert fixed or sliding. Additionally, the regions for applying 

the load were defined, including the numerical value and direction. A 100N oblique load was applied to a specific area of the 

experimental crown structure at a 30° angle relative to the implant's longitudinal axis. Considering the mechanical properties of 

the materials of the materials and the amount of force applied in the tests, it is assumed that all stresses and displacements were 

linear, and all materials utilized in the subsequent analyses were considered isotropic. 

 

3. Results  

Displacements 

In the displacement analysis, understanding the Cartesian coordinate system being used is essential. In the figures of 

this section, the XYZ system is presented, where the Y-axis is represented by the green color, the X-axis by the red color, and 

the Z-axis, finally, by the blue color. They assist in understanding the direction in which the displacement is occurring. 

In addition to the coordinate system, understanding the colors on the map is crucial for a good simulation analysis. In 

the upper-left corner of the figures presented in this section, there is a color scale, ranging from blue (lower) to red (higher). 

Regions in blue indicate lower displacement, while those in red indicate higher displacement. 

Comparatively, a greater displacement was obtained in the EH model, the displacement was recorded as 1.339E-1 (0.1399 

mm), whereas in the GM model, under identical conditions, the displacement measured 2.080E-2 (0.0208 mm). The trend of 

the movement is described in Figures 2 and 3. 
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Figure 2 - The image displays the total displacements that occurred in the model with the HE implants installed. The red 

region indicates the area with the highest displacement, predominantly concentrated around the dental crown region. 

 

 

Source: Authors' archive. 

 

Figure 3 - The image depicts the total displacements that occurred in the model with the GM implant installed. The red region 

represents the area of the highest displacement and is concentrated in the region of the dental crown. 

Source: Authors' archive. 
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Von Mises Stress 

When evaluating the model based on the Von Mises stress criterion, which defines stress concentration along the 

geometry, once again, in the upper-left corner of the figures presented in this section, there is a color scale, ranging from blue 

(lower) to red (higher). Regions in blue indicate lower stress, while those in red indicate higher stress. 

For both models, we observe similar behaviors, with stress accumulation near the implant-bone fixation region, in the 

direction opposite to the applied force. The EH model exhibits less distributed stress along the implant's long axis and higher 

intensity, with 148.4 MPa concentrated in the platform region. In contrast, the GM model shows a lower stress of 99.03 MPa in 

the same region, concentrated on the platform but dissipated into the implant body. These conditions can be observed in 

Figures 4, 5, 6, and 7. 

 

Figure 4 - Von Mises Stress in the HE model indicates that the highest concentration of stresses occurs in the region of the 

implant platform. 

Source: Authors' archive. 
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Figure 5 - Von Mises Stress in the HE model, as depicted in the detailed view, highlights the highest concentration of stresses 

in the region of the implant platform. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Authors' archive. 

 

 

Figure 6 - Von Mises Stress in the GM model reveals that the highest concentration of stresses is present in the region of the 

implant platform and in the crown of the implant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Authors' archive. 

 

http://dx.doi.org/10.33448/rsd-v13i10.47055


Research, Society and Development, v. 13, n. 10, e53131047055, 2024 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v13i10.47055 
 

 

9 

Figure 7 - Von Mises Stress in the GM model, as observed in the detailed view, demonstrates the highest concentration of 

stresses in the region of the implant platform and in the crown of the implant. 

Source: Authors' archive. 

 

Maximum Principal Stress 

When analyzing stresses within the bone region, the Maximum Principal Stress criterion was used, delineating 

positive stresses (tension-red) and negative stresses (compression-blue). Using this criterion, A greater concentration of stress 

in the platform region of the GM model was observed, with two clearly evident regions of tension and compression, with 

tension values of 24.14 MPa and compression values of -16.80 MPa. In the HE model, the tension region is much less evident, 

with tension values of 2.76 MPa and compression values of -6.95 MPa, as shown in Figures 8 and 9. 
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Figure 8 - Maximum Principal Stress in the GM model at the bone-implant interface, illustrating the region where stresses are 

transferred to the adjacent bone. Regions in red indicate tension zones, and regions in blue indicate compression zones. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Authors' archive. 

 

Figure 9 - Maximum Principal Stress in the HE model at the bone-implant interface, showing the region where stresses are 

being dissipated to the adjacent bone. Regions in red indicate tension zones, and regions in blue indicate compression zones. 

 

 

 

 

 

 

 

 

 

 

 

 

  

Source: Authors' archive. 
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4. Discussion 

The objective of this study was to evaluate, through the finite element method (FEM), the mechanical behavior of peri-

implant bone tissue, implants, and prosthetic components of two different prosthetic connection systems in the posterior 

maxilla, using short implants with a diameter of 4.0 mm and a length of 8 mm. 

Numerical simulation analyses are widely used to understand the stress distribution in implant biomechanics. Three-

dimensional finite element analysis allows the observation of stresses caused by occlusal forces in different dental implant 

treatment simulations. In this study, a three-dimensional finite element analysis was conducted with the application of an 

oblique load of 100N at a 30º angle to the implant's long axis. Additionally, all materials were considered isotropic and linear, 

which is a limitation of the analysis. 

In this study, the HE implant model exhibited greater displacement in the platform region compared to the GM 

implant model. This behavior was expected due to the greater lever arm generated by the way HE implants are inserted into the 

bone. In contrast, the GM model, being more deeply inserted into the bone, showed better fixation and stability, resulting in 

lower displacements. 

Bicudo et al. (2016) compared HE and CM platforms through fatigue cycles and finite element analysis, obtaining 

lower displacements for the CM system. They found that the CM system was less sensitive to load variations, attributing its 

performance to the locking mechanism between the implant and the component, reducing vibrations and micromovements. 

The von Mises stress criterion measures stresses concentrated in the metal structures of the model and their 

distribution among the components. In the HE model, von Mises stresses were higher than in the GM model. The HE model 

also exhibited stress concentration on the platform and less stress dissipation along the implant's long axis, while the GM 

model showed lower stress in the platform region, less concentrated and dissipated along the implant's long axis. This 

difference may be attributed to the intraosseous position of the GM implant, providing greater stability and anchorage to the 

supporting bone and preventing micromovements. 

Macedo et al. (2017) also compared CM and HE connection implants using finite element methods under oblique 

loads. Similar to the current study, they obtained higher von Mises stresses for HE implants compared to CM implants. 

The Maximum Principal Stress criterion measures stresses generated in the adjacent bone tissue. Unlike the other 

analyses, the GM model showed higher stress values in the adjacent bone than the HE model. This can be explained by the 

greater stability and anchorage of the GM model to the supporting bone, leading to a higher transfer of stresses to the bone. 

The GM model exhibited two clearly evident regions of tension and compression, different from the HE model. It is important 

to note that, despite transferring more stress, GM model values do not exceed physiological limits of bone tissue, and they can 

even be beneficial for the osseointegration process and bone remodeling (Lemos et al., 2021). On the other hand, the HE model 

concentrates all stresses between the implant and the prosthetic component, facilitating screw fractures and pillar 

displacements, which can be detrimental in clinical practice (Sciasci et al., 2018). 

Finite element analysis enables the prediction of stress distribution around implants in both the cortical bone region 

and the more apical area involving trabecular bone. This technique can anticipate the mechanical performance of various 

implants concerning their design, load, bone quality, and materials. In this study, a detailed evaluation of stress magnitude 

around implants with two distinct platform designs, GM and HE, was conducted. 

As evidenced, the use of CM connection implants represents a successful approach to reduce bone loss around 

implants. The deeper the prosthetic connection within the implant body, the more evenly occlusal loads are dissipated, as 

stresses are distributed along the implant's wall and, consequently, throughout the implant, rather than being concentrated in 

the platform region (Lemos et al., 2018). 
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Following the same characteristics and objectives as CM, the GM connection was developed. The GM connection has 

an internal angle of 16°, and its thicker internal walls contribute to greater mechanical resistance and better results. However, 

there are currently no studies comparing the effectiveness of this new connection type (Moreira et al., 2022). Within the 

limitations of this study, the results are consistent with those reported in the literature regarding stress and displacement criteria 

in CM and HE implant systems, suggesting that GM implants exhibited the same mechanical behavior as CM implants. It is 

important to note that there are no mechanical studies proving that GM modifications are superior or equal to CM, as they are 

different implants with different components. 

 

5. Conclusion  

Within the constraints of this study, a comprehensive assessment of stress and displacement magnitude around peri-

implant bone was achieved for two distinct implant systems: external hexagon (HE) and grand Morse (GM). It can be inferred 

that the prosthetic connection design of the implant significantly influences the distribution and intensity of stress and 

displacements in the prosthesis-implant system. GM implants demonstrated a favorable mechanical behavior, mirroring the 

pattern observed in CM implants. Future studies could evaluate different types of masticatory load and variations in bone 

density in order to better investigate the distribution of stresses and displacements in the peri-implant bone. Furthermore, we 

recommend investigating other prosthetic connections to broaden the applicability of the results. More detailed simulations, 

considering specific clinical conditions and long-term analyses, as well as experimental studies that complement the numerical 

analyses, could strengthen the basis for clinical practice and validate the findings of this study. 
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