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ABSTRACT 
Angled dental implants have emerged as an effective solution in clinical settings where 
the placement of straight implants is constrained by unfavorable bone positions or the 
presence of adjacent anatomical structures. The angulation of implants significantly 
influences stress distribution around the implant, impacting its stability and longevity. 
Research highlights that the direction of applied loads is critical, as angled implants can 
generate greater bending and shear forces compared to straight implants, potentially 
leading to stress concentrations in surrounding bone. Finite element analysis (FEA) is 
commonly used to model these conditions, offering insights into stress zones and 
predicting potential failure areas. Bone quality plays a vital role in how implants respond 
to applied forces, with denser bones effectively dissipating forces while more porous 
bones are at higher risk of resorption and integration failure. Studies indicate that 
excessive stresses on angled implants can lead to bone resorption, compromising long-
term stability. Therefore, careful consideration of implant angulation, connection type, 
bone quality, and thorough surgical planning is essential. Recent studies, including 
those investigating the effects of implant design and bone density on stress distribution, 
have demonstrated that varying implant threads and angulated abutments affect the 
stresses experienced by surrounding bone and implants. The findings emphasize the 
need for appropriate implant selection and a detailed assessment of bone anatomy and 
patient-specific clinical conditions. By incorporating advanced technologies like FEA, 
clinicians can enhance their understanding of biomechanical interactions, ultimately 
leading to improved clinical outcomes and patient satisfaction. Continuous education 
and the implementation of best practices in dentistry remain vital for the successful 
application of angled dental implants. 
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INTRODUCTION 

Angled dental implants have stood out in clinical practice as an effective solution 

in situations where the placement of straight implants is limited due to unfavorable bone 

positions or the presence of adjacent anatomical structures, such as nerves or maxillary 

sinuses. The angulation of the implants can significantly impact the distribution of bone 

stress around the implant, influencing its stability and longevity. One of the main factors 

affecting bone stress in angled implants is the direction of the applied load. Under 

masticatory forces, an angled implant can generate greater bending and shear 

moments compared to a straight implant, as the load is not applied directly along the 

axis of the implant, which can result in stress concentrations in the surrounding bone 

regions. Finite element analysis (FEA) is often used to model and simulate these 

conditions, allowing visualization of stress zones and prediction of potential failure 

areas. 

Moreover, the quality of the surrounding bone plays a crucial role in the implant's 

response to the applied forces. Denser bones tend to dissipate forces more effectively, 

while more porous bones present a higher risk of bone resorption and failure of 

integration. Research indicates that excessive stresses on angled implants can lead to 

bone resorption around the implant, compromising its stability and long-term viability. 

Therefore, the choice of angled implants should be made cautiously, considering factors 

such as angulation, connection type, bone quality, and appropriate surgical planning, 

with the aid of imaging technologies and computational simulations that ensure 

adequate implantological approaches for each patient. 

 

Figure 1: Biomechanics of angulated dental implants. 

 
Source: Periobasics.com (2022). 
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A study conducted by Ikbal et al. (2022) investigated the influence of implant 

design, bone type, and abutment angulation on stress distribution around dental 

implants. Two implant designs with different thread configurations but of the same brand 

and length were used, and the three-dimensional geometry of the bone was simulated 

with four distinct bone types, considering two abutment angulations. An oblique load of 

200 N was applied to the implant abutments, and the maximum and minimum principal 

stresses were calculated for the bone, while Von Mises stresses were obtained for the 

dental implants. The results showed that the load distribution was concentrated in the 

coronal portion of the bone and the implants, with higher stresses observed in the 

implant models in D4 type bone. Additionally, it was found that an increase in bone 

density and cortical bone thickness resulted in lower stress in the bone and implants, 

with a good distribution of forces for non-axial loads, although with higher stresses 

concentrated in the crested region of the bone-implant interface. The study concluded 

that the use of different implant threads and angled abutments affects stress in the 

surrounding bone and implants, highlighting the relationship between bone density, 

cortical thickness, and increased stress. 

Another research conducted by Sivrikaya and Yılmaz (2022) focused on 

determining von Mises stress values in extra-maxillary implants anchored in the 

zygomatic bone, known as zygomatic implants, as well as stresses in the abutments, 

superstructures, and principal stress values in the bone under occlusal forces. The 

researchers compared these stress values with those from tilted implants and the sinus 

lift technique, hypothesizing that zygomatic implants would exhibit higher stress due to 

their more angled placement. Using finite element analysis (FEA), a force of 600 N was 

applied to a hybrid prosthesis in models representing three distinct concepts: zygomatic 

implants, tilted implants, and sinus lift, all situated in D2 bone. The results revealed that 

the von Mises stress values for the anterior and posterior zygomatic implants were 

lower than those of the other models under various loading conditions, indicating a 

favorable stress distribution. The highest von Mises stress was observed in the 

posterior implants of the tilted implant models under oblique load, while the principal 

stress values were also higher in the posterior implants of the sinus lift model. Overall, 

the study concluded that despite the angled placement of zygomatic implants, they 

exhibited lower stress values for both the bone and the implants compared to other 

techniques. 
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The investigation conducted by Rito-Macedo et al. (2021) aimed to evaluate the 

impact of different angles and depths of implant insertion on the stresses experienced 

by the peri-implant bone tissue under axial and oblique loading conditions. Following the 

guidelines of the Checklist for Reporting In-vitro Studies (CRIS), the researchers 

positioned implants in the region of tooth 36, using different models: M1 (0 mm / 0°), M2 

(0 mm / 17°), M3 (0 mm / 30°), M4 (2 mm / 0°), M5 (2 mm / 17°), and M6 (2 mm / 30°). 

Each model was subjected to a load intensity of 100 N, and the stress evaluation was 

conducted according to Mohr-Coulomb criteria through qualitative and quantitative 

analyses. The results indicated that angled implants positioned below the bone crest 

generated the highest stresses in the cortical bone, with axial loads leading to peak 

stress on the buccal side of the implants perpendicular to the bone crest. Regardless of 

the load type, the tilted implants exhibited the highest stress peaks on the lingual side of 

the cortical bone. The study concluded that implants installed perpendicular to the bone 

crest, with a prosthetic platform at the crest height, resulted in the lowest stresses in the 

peri-implant bone tissue, both under axial and oblique loading conditions. 

The research conducted by Korkmaz and Kul (2021) aimed to clarify the most 

suitable material and design for abutment-implant connections in the aesthetic zone. 

Using finite element analysis (FEA), the researchers compared various abutment 

models to evaluate stress values in the implant components and deformation values in 

the simulated bone around an anterior maxillary implant. They created 3D FEA models 

of the left anterior maxillary segment, incorporating three contemporary implant models 

with angled abutments of 17 or 25 degrees, specifically a titanium base abutment (TIB), 

a zirconia abutment (ZIR), and a titanium abutment (TIT). The models were subjected to 

vertical and oblique load conditions of 100 N applied to the cingulum and incisor areas. 

The results revealed that the TIB model presented reduced stress conditions, 

particularly under oblique loads, evidenced by lower von Mises stresses in the screw, 

abutment, crown, and implant, compared to the ZIR and TIT models. Additionally, the 

deformation values in the simulated cortical and trabecular bones were lower in the TIB 

model. The study concluded that when standard implants are placed at elevated angles 

in the aesthetic zone, there are higher stress levels in the implants, abutments, and 

screws, suggesting that the use of a titanium base abutment can help mitigate stress. 

Furthermore, the contact surface area between the implant and the simulated cortical 

bone significantly influences stress and deformation outcomes. 
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Finally, the investigation by Sivrikaya and Omezli (2019) aimed to examine stress 

values associated with different bone densities, comparing the designs of conical and 

cylindrical implants. Using finite element analysis, the researchers applied a force of 

100 N both vertically and at an angle of 30 degrees to cylindrical and conical implants 

within D1 and D4 bone densities in eight distinct models. The results showed that von 

Mises stress was lower in D1 bone densities under vertical loading conditions and was 

associated with conical implants. Regardless of the implant design, von Mises and 

principal stress values were consistently lower for D1 bone densities. The conical 

implant exhibited higher principal stress than the cylindrical one in both bone densities, 

while the cylindrical design demonstrated greater von Mises stress. Additionally, vertical 

loading resulted in less stress compared to loading at a 30-degree angle. The study 

concluded that the combination of D4 bone density and angled loading at 30 degrees 

significantly increased stress values, highlighting the need for careful selection of 

implants and treatment planning. 

The analysis of the implications of angled dental implants in clinical practice 

reveals the importance of a careful and evidence-based approach in the selection and 

planning of these devices. The discussed studies demonstrate that the angulation of 

implants, the quality of the surrounding bone, and the direction of the applied forces are 

crucial factors that affect stress distribution and, consequently, the stability and 

longevity of the implants. Research shows that utilizing different implant designs and 

considering bone characteristics are fundamental to optimizing implant performance 

while minimizing the risk of failure. Thus, the integration of advanced technologies, such 

as finite element analysis, allows for a better understanding of biomechanical 

interactions and provides a solid foundation for surgical planning. Therefore, the 

success of angled implants depends not only on the appropriate selection of implant 

type and angulation but also on a detailed assessment of the bone anatomy and the 

individual clinical conditions of each patient. Ultimately, advancements in research and 

technology in this field can lead to better clinical outcomes and patient satisfaction, 

highlighting the importance of continuous education and the rigorous application of best 

practices in dentistry. 
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