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Abstract
Aim of the study. This study aims to evaluate and compare the stress distribution 
patterns of two experimental tissue-level, convergent collar implants (one made of Ti-
6Al-4V (control) and the other of Roxolid-based (Ti-15Zr) material) using 3D finite 
element analysis (FEA) under various simulated masticatory conditions. 
Methods. A 3D finite element model replicating a tissue-level implant with convergent 
neck design was developed in ANSYS software, incorporating both cortical and 
trabecular bone geometry. Implants made of Ti-6Al-4V-Grade 5 and Roxolide-type- 
Ti-15Zr alloy were simulated under axial (0°) and oblique (45° angle) loading forces 
(50 N, 200 N, 300 N, and 400 N). The von Mises equivalent stress distribution was 
calculated to assess the biomechanical performance. 
Results. Under masticatory forces simulation, titanium-alloy implants exhibited 
maximum stress values (400 N) of 260.38 MPa under axial load and 536.2 MPa 
under oblique load. Ti-15Zr implants exhibited a slightly lower peak stress of 506.95 
MPa under a load of 400 N at a 45° inclination and 240.81 N under axial load. Based 
on 3D finite analysis, the stress distribution maps showed higher concentration in 
the implant–abutment connection and the cervical region, particularly under oblique 
loading. 
Conclusions. Although titanium implants exhibited higher stress limits, Ti-15Zr 
implants showed biomechanical stability under oblique simulated forces. Ti-
15Zr implants exhibited a more uniform stress distribution with a reduced peak 
concentration. 
Keywords: finite element analysis, Ti-15Zr implants, titanium implants, Roxolid, 
supracrestal implant, parafunctional forces, tissue-level implant, convergent collar

Introduction
Edentulism is a medical condition 

affecting patients in multiple ways, 
including aesthetics, mental health, 
and overall wellness. As a result, 
dental professionals utilize various 
treatment options, including fixed 
partial dentures, removable prostheses, 
and dental implants [1-7]. However, to 
overcome the limitations of both fixed 
and removable partial dentures and to 
protect the mucosal tissues and alveolar 

ridge, dental implants are increasingly 
recommended [1-7]. 

For the past sixty years, dental 
implants have been established as the 
gold standard in prosthetic dentistry, 
offering patients with partial or complete 
tooth loss predictable, long-term results 
[3]. The success of implants relies on 
two main pillars: osseointegration and 
mechanical stability. Titanium and its 
alloys, particularly Ti-6Al-4V, have led 
the field due to their  excellent fatigue and 
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corrosion resistance, and also proven biocompatibility, 
which has been demonstrated over many years of clinical 
use [2,3,5]. However, attention has increased because of 
some limitations of titanium-based implants, including 
aesthetic issues for patients with thin gum tissue, their 
potential to corrode in saliva and fluoride environments, 
and growing concerns about titanium particle-induced 
inflammation and peri-implantitis [8-10].

Under the clinical conditions mentioned above, 
there is a high demand for metal-free and aesthetically 
superior options, leading researchers and clinicians to 
develop and use Roxolid (Ti-15Zr), zirconium-based 
and ceramic-based implants in clinical settings [11-16]. 
Roxolid-type implants (Ti-15Zr) are currently the most 
extensively studied ceramic-based implant materials. 
Roxolid (Ti-15Zr) provides high flexural strength, 
resistance to crack growth, chemical inertness, and a 
tooth-like white color, making it suitable for use in highly 
aesthetic areas [11,12,14,15]. Additionally, in vitro and 
in vivo studies have demonstrated that Roxolid (Ti-15Zr) 
implants exhibit less bacterial colonization and biofilm 
formation compared to titanium, potentially reducing the 
risk of peri-implant inflammation and mucositis [9-12]. 
Moreover, histological evaluations in animal models have 
demonstrated similar bone-to-implant contact (BIC) for 
both titanium and Roxolid type (Ti-15Zr) surfaces when 
proper surface treatments - such as sandblasting and acid-
etching. However, concerns about the material’s brittle 
nature, susceptibility to low-temperature degradation 
(tetragonal-to-monoclinic phase change), and limited 
long-term survival data remain significant in clinical 
practice [17-21].

The oral cavity subjects implant-based dental 
materials to withstand its hostile conditions. One of 
these conditions is the occlusal status; for instance, this 
may involve initial parafunctional chewing forces (e.g., 
clenching teeth, bruxism, etc) when the teeth are present, 
and these continue even after the teeth are extracted. 
Moreover, it is known that these high occlusal forces have 
increased values in the posterior zone compared with the 
rest of the areas [22-27]. Thus, it is essential to evaluate 
and consider this when dental titanium or titanium-
zirconium-based implants are indicated for missing teeth 
in the lateral zone.

Different in vitro experiments and test simulations 
were imagined, but the new digital testing simulation 
techniques, such as three-dimensional finite element 
analysis (3D-FEA) assessments, have gained popularity 
to be used to identify more easily the stress distribution 
and occlusal stress for various dental biomaterials 
[24,25,27,28].

Reports of FEA tests have consistently shown that 
Roxolid-based (Ti-15Zr) implants accumulate higher peak 
von Mises stresses, particularly at the implant neck and 
crestal bone, when subjected to oblique forces above 300 

N [13,14]. This stress localization significantly increases 
the risk of mechanical failure in posterior regions.

Different systematic reviews or meta-analyses 
of clinical reports have corroborated these findings, 
highlighting higher fracture rates for two-piece implants 
under occlusal stress, as well as technical complications 
during insertion due to the material’s low ductility [14-
17,28,29]. However, based on our search, the suitability 
of supracrestal Ti-Grade 5 and Roxolid-based (Ti-15Zr) 
implants subjected to parafunctional masticatory forces 
has not been widely tested.

This study aims to assess the stress distribution 
patterns of two experimental tissue-level, convergent 
collar implants—one made of titanium Grade 5 (Ti-
6Al-4V alloy) and the other of Roxolid-based (Ti-15Zr) 
material—simulated during a clinical setup scenario with 
standardized axial and oblique parafunctional masticatory 
forces using 3D finite element analysis (FEA). We 
formulated the following hypotheses: H1) The Ti-15Zr-
based dental implant will exhibit higher von Mises stress 
limits than the Ti-6Al-4V implant; H2) The Roxolid-
type Ti-15Zr-based dental implant will demonstrate 
uneven mechanical behavior under oblique simulated 
parafunctional chewing forces.

Methods
Implant design and 3D modelling
For this experimental study, we combined the 

geometry of a newly developed commercial implant 
system (tissue-level supracrestal implant, Prama Power 
Regular Neck implant, Sweden&Martina, Padua, Italy) 
and two types of dental implant alloys (Ti-4Al-6V alloy 
(control) and Roxolid-type Ti-15Zr alloy (Roxolid, Institut 
Straumann AG)

The features of the implants used in this study were 
based on the anatomy of a first mandibular molar and on 
the geometry of the previously mentioned commercially 
available supracrestal implant systems, which incorporate 
a transmucosal collar modeled as a smooth neck of 2.8 mm 
high, mimicking the emergence profile commonly used in 
soft tissue–friendly implant designs, to promote soft tissue 
stability and biological sealing [30].

The implant was designed as a cylindrical, tissue-
level body with a convergent neck measuring 3.8 mm in 
diameter and 11.5 mm in length, featuring thread geometry 
at both the apical and crestal regions. 

Tissue-level implant designs are extensively 
recognized in clinical practice for their capacity to reduce 
bacterial microleakage and to diminish crestal bone 
remodeling by positioning the implant–abutment interface 
away from the alveolar crest. Additionally, their design 
helps preserve peri-implant soft tissue integrity throughout 
both prosthetic and surgical phases, thereby minimizing 
inflammation and promoting long-term peri-implant health 
[30].
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All the aforementioned characteristics were applied 
in both Ti-6Al-4V and Roxolid-type (Ti-15Zr) models for 
biomechanical consistency.

Figure 1 illustrates the implant placement within 
a bone block that simulates the mandibular ridge, 
characterized by a cortical outer layer and a trabecular 
core. The implant replicates a tissue-level implant design 
featuring a transmucosal collar.

A CAD model was utilized for the implant design. 
The implant features a standard cylindrical thread geometry, 
an internal hexagonal connection, and an apically tapered 
end. The design reflects real-life tissue-level implant 
systems used in clinical settings (Figure 2).

Meshing strategy
The implant-bone assembly was discretized 

using a finite element mesh composed of tetrahedral 
elements. A global mesh size of 0.5 mm was adopted to 
balance computational efficiency with solution accuracy, 
particularly in the vicinity of the implant threads and 
cortical interface, where stress concentration was expected 
(Figure 3).

Mesh sensitivity tests compared finer (0.25 mm) 
meshes with the 0.5 mm mesh to verify that the von Mises 
stress (vM) values are within a 5% error margin, confirming 
their consistency.

Material properties assignment
All materials were assumed to be homogeneous, 

isotropic, and linearly elastic. Additionally, for the Stability 
factor, the bone and the dental implants were considered to 
undergo complete osseointegration.

Mechanical properties
Regarding material selection for dental 

implantology, titanium alloy is one of the most often used 
and tested materials [2-4]. For this experimental study, the 
following dental implant materials were considered: a Ti-
6Al-4V alloy (control) and Roxolid-type alloy (Ti-15Zr). 
For both types of materials, a tissue-level convergent neck 
implant design was designed. The mechanical properties 
were assigned based on values reported in the literature 
(Table I) [31-36].

Figure 1. Cross-sectional 3D geometry of the finite element 
model used in the study.

Figure 2. The CAD model used for the supracrestal with 
convergent neck Ti-Grade 4/Ti-15Zr implants was analyzed using 
3D finite element analysis.

Figure 3. Meshing system used in the study.

Table I. Mechanical properties [31-36].
Component Material Young’s Modulus (GPa) Poisson’s Ratio
Implant 1 Ti-6Al-4V 110 0.34
Implant 2 Ti-15Zr 103.7 0.33
Cortical Bone Human Cortical Bone 14.7 0.30
Trabecular (spongy, cancellous) Bone Human Trabecular Bone 1.47 0.30
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Boundary conditions and load application
All the surfaces of the bone block were fully 

constrained to simulate physiological fixation. No implant 
displacement was allowed at the apical or lateral walls of 
the bone.

Loading was applied axially (0°) and obliquely 
(45°) to the occlusal surface of the implant, simulating 
parafunctional masticatory forces. The magnitude of force 
was incrementally increased: 50 N, 100 N, 200 N, 300 N, 
and 400 N.

Figure 4 illustrates the two loading scenarios 
employed as a simulation setup for the physiological and 
parafunctional occlusal forces:

•	 Scenario A (physiological): Axial loading (0°) to 
simulate biting force on the posterior teeth.

•	 Scenario B (parafunctional): Oblique loading (45° 
angle) to simulate paraxial lateral chewing in the posterior 
zone. 

Each scenario was independently applied to both Ti-
6Al-4V and Roxolid-type (Ti-15Zr) tissue-level implants 
utilizing identical mesh and boundary conditions. 

Stress evaluation and output analysis
The output of interest was the maximum von Mises 

stress values (vM), evaluated across the entire implant 
structure and at the implant-bone interface. ANSYS 
2024R2 software (Ansys Workbench, Canonsburg, PA, 

USA) was utilized for three-dimensional static analysis. 
Solver parameters were configured for static 

structural analysis. Results were visualized using stress 
contour plots, and values were extracted at key-point 
regions: the implant shoulder, the first thread, and the 
cortical interface.

Representative stress distribution maps were 
captured directly from ANSYS and are shown in figure 5, 
figure 6, figure 7 and figure 8.

Results 
The numerical analysis showed differences in von 

Mises (vM) stress distribution between Ti-based alloy and 
Roxolid-type (Ti-15Zr) tissue-level implants under variable 
loading conditions. As the applied force increased from 50 
N to 400 N, and the angle of application changed from axial 
(0°) to oblique (45°), stress magnitudes rose consistently in 
both materials (Figure 9). 

Under a 50 N axial load, the Ti-Grade 5 implant 
displayed a uniform and low-stress field, with peak values 
of approximately 32.5 MPa, primarily found in the first 
thread region and the cortical bone interface. Under the 
same loading conditions, the Ti-15Zr implant showed 
a slightly lower peak stress of 30.1 MPa, with a more 
localized concentration near the implant shoulder. As forces 
increased to 400 N axially, Ti-Grade 5 reached a maximum 
stress of approximately 260.38 MPa. 

Figure 4. The loading simulated scenarios. A) axial loading (0°) and B) oblique loading (45°).

Figure 5. Stress distribution of axial load at 0 degrees in Ti-6Al-4V implant: A) 50 N; B) 100N; C) 200N; D) 300N; E) 400N.



Original Research

MEDICINE AND PHARMACY REPORTS Vol. 98 / No. 4 / 2025: 511 - 521   515

At the same time, Roxolid-type (Ti-15Zr) reached 
a peak of around 240.81 MPa, exhibiting a marked stress 
concentration at the cervical region and the implant-bone 
junction (Figures 5, 7 and 9).

When oblique loading at 45° was applied, stress 
patterns changed notably. Titanium alloy Grade 5 subjected 
to a 50 N up to 400 N oblique parafunctional force 
registered a bit higher than twice the stress values (67.03 
MPa and 536.2 MPa, respectively); with stress localized 
at the buccal crest and cervical bone (Figure 6). Roxolid-

type implant (Ti-15Zr) exhibited similar behavior under 
the same parafunctional masticatory conditions, with stress 
values rising from 63.38 MPa (50 N) to nearly 507 MPa 
(400 N), the latter remaining clinically safe at yield strength 
thresholds and indicating a potential protection ability 
for material fracture. These observations were visually 
confirmed in stress contour plots, where titanium showed 
a gradual stress gradient with wider diffusion. At the same 
time, Roxolid (Ti-15Zr) displayed sharply defined peak 
stress zones at the implant shoulder (Figures 6, 8 and 9).

Figure 6. Stress distribution of oblique load at 45 degrees in Ti-6Al-4V implant: A) 50 N; B) 100N; C) 200N; D) 300N; E) 400N.

Figure 7. Stress distribution of axial load at 0 degrees in Ti-15Zr implant: A) 50 N; B) 100N; C) 200N; D) 300N; E) 400N.

Figure 8. Stress distribution of parafunctional load at 45 degrees in Ti-15Zr implant: A) 50 N; B) 100N; C) 200N; D) 300N; E) 400N.
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The evolution of stress across varying load 
magnitudes is visually depicted in figure 10. This chart 
illustrates a linear increase in stress within titanium alloy, 
which remains within the mechanical safety limits even 
under severe oblique loading conditions. 

On the other hand, Roxolid-based (Ti-15Zr) implants 
showed an exponential stress response, particularly within 
the 300–400 N range at 45° angulation, but remaining in 
the safety zone of the material’s vulnerability to fracture 
(Figure 10). Of particular significance, the steep slope 
observed in the Ti-15Zr-based implant (45°) curve 
corroborates biomechanical stability, aligning with earlier 
mechanical and in vivo investigations that reported 
fractures in posterior applications [36-41].

When oblique loading at 45° was applied, stress 
patterns changed notably. Titanium alloy subjected to 
a 50 N up to 400 N parafunctional force registered a bit 
higher than twice the stress values (67.03 MPa and 536.2 
MPa, respectively); with stress localized at the buccal crest 
and cervical bone (Figure 6). Roxolid-type implant (Ti-
15Zr) exhibited similar behaviour under the same oblique 
masticatory loading conditions, with stress values rising 
from 63.38 MPa (50 N) to nearly 507 MPa (400 N), the 
latter remaining clinically safe at yield strength thresholds 
and indicating a potential protection ability for material 
fracture. These observations were visually confirmed in 
stress contour plots, where titanium showed a gradual 
stress gradient with wider diffusion. At the same time, 

Roxolid-based (Ti-15Zr) displayed sharply defined peak 
stress zones at the implant shoulder (Figures 6, 8 and 9).

The evolution of stress across varying load 
magnitudes is visually depicted in figure 10. This chart 
illustrates a linear increase in stress within titanium alloy, 
which remains within the mechanical safety limits even 
under severe oblique loading conditions. On the other hand, 
Ti-15Zr implants showed an exponential stress response, 
particularly within the 300–400 N range at 45° but 
remaining in the safety zone of the material’s vulnerability 
to fracture (Figure 10). Of particular significance, the steep 
slope observed in the Ti-15Zr (45°) curve corroborates 
biomechanical stability, aligning with earlier mechanical 
and in vivo investigations that reported fractures in 
posterior applications [36-41].

Overall, titanium implants exhibited a resilient stress 
distribution pattern, with a mechanical response consistent 
with prior studies by Geng et al. [27] and Himmlova et 
al. [13], which supports their reliability in load-bearing 
regions. In contrast, Ti-15Zr’s response revealed a similar 
stress accumulation under parafunctional oblique loads, 
correlating with fracture-prone regions observed clinically 
in posterior molar zones [40]. These results underscore 
the importance of load direction and magnitude in the 
clinical selection of implant material, and they highlight 
the Ti-15Zr-based alloy’s possibility to withstand complex 
masticatory forces.

Figure 9. The principal stresses and von Mises values of both one-piece implant types (Ti-6Al-4V and Ti-15Zr) under axial and oblique 
loading, physiological and parafunctional forces.
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Figure 10. Changes in von Mises stress values for both implant 
types (Ti-6Al-4V and Ti-15Zr) under axial and oblique loading 
forces.

Discussion
Occlusion plays an essential role in the stability and 

osseointegration of dental implants and dental restorations 
in general [22-26]. Starting from the site of implantation 
(anterior or posterior), the type of bone (cortical or 
trabecular), the type of implant (Ti-based, Ti-15Zr-based, 
Ti-15Zr-Mo-based, alloys etc), its length (long, short), 
tissue level implantation, or not, convergent neck or not, 
the general health of the patient, may interfere with the 
long-term ability of the dental implants to perform and 
restore the dental tissues functionality [2,4-6,8,11,12,14-
19,29-34,36,38,40-46].

The findings of this study show similar mechanical 
behaviour values between titanium-based alloy and Roxolid-
(Ti-15Zr)-based tissue-level convergent collar dental 
implants under simulated masticatory forces, confirming 
and expanding on observations reported in recent literature 
[40-46]. Finite Element Method (FEM) demonstrated 
that titanium implants distribute occlusal forces evenly 
and support higher peak von Mises stress values, even 
under oblique loads. Conversely, Roxolid (Ti-15Zr)-based 
implants exhibited similar stress concentrations, especially 
around the implant neck and prosthetic shoulder, under 45° 
loading (Figure 10). These results align with other literature 
reports [1,2,5,6,40-46]. Based on these findings, we reject 
both the H1 and H2 hypotheses.

Moreover, our results are consistent with earlier 
FEA studies, such as those by Geng et al. [27] and 
Himmlova et al. [13], which emphasized that material 
properties, particularly elastic modulus and Poisson’s ratio, 
significantly affect the transfer of stresses from the implant 

to the surrounding bone. Titanium alloy (Ti-6Al-4V) has a 
high stiffness value (110 GPa), which leads to higher stress. 
In contrast, the Roxolid-type alloy’s (Ti-15Zr) stiffness 
(103.7GPa) results in lower stress peaks under similar 
conditions, which is consistent with the current simulation. 

In their study, Correa et al [41] found the value of 
YTS (yield tensile strength) for Ti-15Zr-based alloy to be 
around 555±95MPa. In our study results, the maximum 
von Mises value was 240.81 MPa (axial load) and 506.95 
MPa (oblique load). This indicates that this type of 
implant alloy material and its design (supracrestal implant 
with a convergent neck) exhibits favourable mechanical 
behaviour, remaining predominantly in the elastic zone, 
especially when paraxial forces are applied. Our findings 
also correlate strongly with other in vitro fatigue testing 
and clinical reports [5,6,21,22,31,34,35,45-50]. Moreover, 
we chose to use the tissue-level and convergent neck design 
for our experimental implants based on other studies that 
demonstrated their clinical reliability in terms of implant 
design [30,42,49,51].

On one side, Canullo et al [30] showed that tissue-
level convergent neck implants performed well in the 
anterior region, and Ioannidis et al [43] showed that Ti-
15Zr-based alloy implant performed well in the frontal low-
load zones and also in the premolar area when using a 3.3 
mm diameter implant; on the other side, in our study, we 
found a good mechanical performance for an implant tested 
in the mandibular molar region, with a 3.8 mm diameter, 
which is also consistent with other studies [33,36,40].

It is well known that occlusal forces and cyclic 
loading may cause the implant materials to behave 
differently along with oral soft and hard tissues [23-26,44-
46]. In the given conditions, to better understand what 
may happen with the implant materials in the lateral zone, 
we subjected them to a simulation of physiological and 
parafunctional masticatory forces; thus, we used axial (0 
degrees) and oblique (45 degrees) forces with a range of 
increasing forces (50N, 100N, 200N, 300N, 400N). The 
higher values of the masticatory forces (300N and 400N) 
were observed during grinding or clenching teeth [23-
26,52]; thus, we used them to observe the mechanical 
behaviour of our tested implants.

Brizuela et al [53] demonstrated that a low modulus 
of elasticity can promote better osseointegration of alloy-
based materials used in dental implantology. In our case, 
the Roxolid-type Ti-15Zr implant with the attributed tissue-
level with a convergent collar, remained within the elastic 
domain even under parafunctional masticatory forces, 
when compared to the Ti-6Al-4V implant with the same 
attributed design. Therefore, we believe that the design 
type and low von Mises stress values contribute to Roxolid-
type implants facilitating osseointegration.

The mechanical findings are further interpreted 
in the light of recent histological, microbiological, and 
clinical data, offering a comprehensive perspective on 



Dental Medicine 

MEDICINE AND PHARMACY REPORTS Vol. 98 / No. 4 / 2025: 511 - 521518 

the indications and limitations of each material in modern 
implantology. Thus, histological and immunohistochemical 
studies have demonstrated improved epithelial adhesion, 
greater collagen fibre orientation, and reduced expression 
of inflammatory markers around Roxolid-type (Ti-15Zr) 
surfaces, which may support long-term peri-implant health 
[11,12]. Additionally, Roxolid (Ti-15Zr) implants are a 
valuable solution for patients with a confirmed titanium 
allergy or those with systemic inflammatory conditions that 
are aggravated by metal ions [19].

From a biological perspective, Roxolid-type (Ti-
15Zr) implants continue to demonstrate notable advantages. 
Numerous studies, including those by Scarano et al. [10], 
Kniha et al. [11], and Depprich et al [12], have confirmed 
that bacterial adhesion to Roxolid-type (Ti-15Zr) is lower 
than to titanium, which may translate to reduced rates 
of mucositis and peri-implantitis in clinical practice. 
Furthermore, soft tissue studies indicate that Roxolid (Ti-
15Zr) promotes more favourable fibroblast adhesion and 
collagen fibre orientation, which can help maintain long-
term mucosal sealing and aesthetic outcomes [11,12,20].

These soft tissue advantages, however, must be 
weighed against the biomechanical risks highlighted in this 
study and others [38-46]. While titanium has been associated 
with increased plaque accumulation and corrosion in some 
instances, it remains the most thoroughly validated material 
in implant dentistry, with over four decades of clinical data 
supporting its use in both anterior and posterior regions [3].

Despite growing clinical acceptance, Roxolid-type 
(Ti-15Zr) implant systems have not yet achieved the same 
level of scientific and regulatory validation as titanium-
based systems. Most Roxolid (Ti-15Zr)-based implant 
studies are limited by short follow-up periods (<5 years), 
small sample sizes, and heterogeneity in implant geometry 
and surface topography [20,21].

Thus, clinically, the decision to use Roxolid-type 
(Ti-15Zr) or titanium-based alloy should be guided not only 
by aesthetic requirements or material preference, but also 
by a comprehensive understanding of the biomechanical 
environment. For patients with high bite forces, posterior 
molar restorations, or parafunctional habits, titanium 
remains the material of choice. On the other hand, Roxolid-
based alloy (Ti-15Zr) may be favoured in thin biotypes, 
aesthetic zones, or in patients with metal allergies or a 
history of soft tissue sensitivity [41-47].

Nevertheless, in the past decade, new studies have 
emerged that aim to combine different metallic or non-
metallic elements with titanium for improved mechanical 
or biological outcomes in modern implantology [53-56].

Despite its findings, this study has some limitations 
that need to be underlined:

-	 First, the analysis was based on static loading 
conditions, which do not replicate the complex, dynamic, 
and cyclic nature of actual mastication. In clinical 
scenarios, implants experience repeated micro-movements 

and fatigue over thousands of cycles, which could affect 
long-term mechanical behavior differently than static 
simulations predict. 

-	 Secondly, the model assumed that all components, 
including bone, have homogeneous, isotropic, and 
linearly elastic material properties. In reality, bone shows 
anisotropic and viscoelastic behavior that might influence 
load transfer, especially at the bone–implant interface. 

-	 Thirdly, only one implant geometry (tissue-level 
with convergent neck design) was examined. While this 
standardization facilitates direct material comparison, it 
does not consider variations in implant macro-designs (e.g., 
tapered vs. parallel walls, thread pitch) that could notably 
affect stress distribution. 

-	 Fourth, no prosthetic components (such as crowns 
or abutments) were modeled, and the load was applied 
directly on the implant platform. While this simplifies 
the analysis and highlights implant body mechanics, it 
overlooks the potential effects of prosthetic misfit, occlusal 
surface design, or cement layer properties. 

-	 Finally, the lack of biological factors, such as 
bone remodeling, immune response, and healing dynamics, 
limits the interpretation of results to only mechanical 
behaviur. 

-	 Real-world outcomes rely on a complex interaction 
between biomechanics and biology, which cannot be fully 
captured by FEA alone.

Future research should incorporate dynamic load 
simulations, fatigue testing, anisotropic bone modelling, and 
expanded implant geometries to generate more clinically 
relevant conclusions. Despite these limitations, the current 
model provides a solid and controlled comparison between 
Roxolid-type (Ti-15Zr) and titanium-based implants, 
emphasizing key differences that are important for clinical 
decision-making.

Conclusions
Within the limits of this experimental study, we may 

conclude the following:
1.	 Roxolid-type (Ti-15Zr) implants exhibit similar 

biomechanical performance to titanium-based materials 
when subjected to increasing masticatory forces under both 
axial and oblique loads. 

2.	 Finite element analysis revealed that Ti-15Zr-
based implants consistently maintained lower von Mises 
stress values and more favourable stress distribution across 
the implant and surrounding bone, even at the maximum 
applied load of 400 N at a 45° inclination.

3.	 Ti-6Al-4V implants showed significantly higher 
peak stress concentrations, especially at the implant 
shoulder and crestal bone interface.

4.	 Roxolid-type (Ti-15Zr) alloy remains a valuable 
implant material in specific clinical situations. However, 
its use should be limited to carefully selected cases with 
controlled occlusion and minimal lateral forces.
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5.	 Under the FEA simulation, the tissue-level 
convergent collar design demonstrated good mechanical 
behavior for both tested alloy materials.

Acknowledgements
The authors would like to thank the Department of 

Mechanical Engineering, Materials Resistance, from the 
Technical University Cluj-Napoca.

References
1.	 Gottlow J, Dard M, Kjellson F, Obrecht M, Sennerby L. 

Evaluation of a new titanium-zirconium dental implant: a 
biomechanical and histological comparative study in the mini 
pig. Clin Implant Dent Relat Res. 2012;14:538-545. 

2.	 Haimov E, Sarikov R, Haimov H, Juodzbalys G. Differences 
in Titanium, Titanium-Zirconium, Zirconia Implants 
Treatment Outcomes: a Systematic Literature Review and 
Meta-Analysis. J Oral Maxillofac Res. 2023;14:e1.

3.	 Steinemann SG. Titanium--the material of choice? Periodontol 
2000. 1998;17:7-21. 

4.	 Nakagawa M, Matsuya S, Udoh K. Corrosion behavior of pure 
titanium and titanium alloys in fluoride-containing solutions. 
Dent Mater J. 2001;20:305-314.

5.	 Sotova C, Yanushevich O, Kriheli N, Grigoriev S, Evdokimov 
V, Kramar O et al. Dental Implants: Modern Materials and 
Methods of Their Surface Modification. Materials (Basel). 
2023;16:7383. 

6.	 Anchieta RB, Baldassarri M, Guastaldi F, Tovar N, Janal MN, 
Gottlow J, et al. Mechanical property assessment of bone 
healing around a titanium-zirconium alloy dental implant. 
Clin Implant Dent Relat Res. 2014;16:913-919. 

7.	 Sivaraman K, Chopra A, Narayan AI, Balakrishnan D. Is 
zirconia a viable alternative to titanium for oral implant? A 
critical review. J Prosthodont Res. 2018;62:121-133. 

8.	 Duan C, Ye L, Zhang M, Yang L, Li C, Pan J et al. Clinical 
performance of zirconium implants compared to titanium 
implants: a systematic review and meta-analysis of 
randomized controlled trials. PeerJ. 2023;11:e15010. 

9.	 Chang SH, Li ZY. Effect of oxidation at an elevated 
temperature on the evolution of phases, microstructure, and 
properties of the oxide films formed on the surface of TiZr. 
Sci Rep. 2023;13:5126. 

10.	 Scarano A, Piattelli M, Caputi S, Favero GA, Piattelli A. 
Bacterial adhesion on commercially pure titanium and 
zirconium oxide disks: an in vivo human study. J Periodontol. 
2004;75:292-296. 

11.	 Kniha K, Heussen N, Modabber A, Hölzle F, Möhlhenrich 
SC. The effect of zirconia and titanium surfaces on biofilm 
formation and on host-derived immunological parameters. Int 
J Oral Maxillofac Surg. 2021;50:1361-1374.

12.	 Depprich R, Zipprich H, Ommerborn M, Mahn E, Lammers 
L, Handschel J et al. Osseointegration of zirconia implants: 
an SEM observation of the bone-implant interface. Head Face 
Med. 2008;4:25. 

13.	 Himmlová L, Dostálová T, Kácovský A, Konvicková S. 
Influence of implant length and diameter on stress distribution: 
a finite element analysis. J Prosthet Dent. 2004;91:20-25. 

14.	 Liu X, Chen S, Tsoi JKH, Matinlinna JP. Binary titanium 
alloys as dental implant materials-a review. Regen Biomater. 
2017;4:315-323. 

15.	 Comisso I, Arias-Herrera S, Gupta S. Zirconium dioxide 
implants as an alternative to titanium: A systematic review. J 
Clin Exp Dent. 2021;13:e511-e519. 

16.	 Barlattani A Jr, Martelli M, Ceruso FM, Gargari M, Ottria 
L. Convergent implant transmucosal collar and healing 
abutment: aesthetics influence on soft tissues. A clinical study. 
J Biol Regul Homeost Agents. 2020;34:63-69. 

17.	 Sadid-Zadeh R, Willis J, Forgo G, Haraszthy V. Comparative 
Analysis of Biofilm Formation on Materials Used for the 
Fabrication of Implant-Supported Prostheses. Braz Dent J. 
2020;31:380-384.

18.	 Fretwurst T, Müller J, Larsson L, Bronsert P, Hazard D, 
Castilho RM et al. Immunohistological composition of peri-
implantitis affected tissue around ceramic implants-A pilot 
study. J Periodontol. 2021;92:571-579. 

19.	 Poli PP, de Miranda FV, Polo TOB, Santiago Júnior JF, Lima 
Neto TJ, Rios BR et al. Titanium Allergy Caused by Dental 
Implants: A Systematic Literature Review and Case Report. 
Materials (Basel). 2021;14:5239. 

20.	 Jiang T, Wu H, Fu S, Chen X, Liu P. Recent progress in 
manufacturing technology, element addition, and surface 
modification of TiZr materials in dental implants. Journal of 
Materials Research and Technology 2025;37:5491-5513.

21.	 Cruz MB, Silva N, Marques JF, Mata A, Silva FS, Caramês 
J. Biomimetic Implant Surfaces and Their Role in Biological 
Integration-A Concise Review. Biomimetics (Basel). 
2022;7:74. 

22.	 Aldowish AF, Alsubaie MN, Alabdulrazzaq SS, Alsaykhan 
DB, Alamri AK, Alhatem LM et al. Occlusion and Its Role in 
the Long-Term Success of Dental Restorations: A Literature 
Review. Cureus. 2024;16:e73195. 

23.	 Martinez-Mondragon M, Urriolagoitia-Sosa G, Romero-
Ángeles B, García-Laguna MA, Laguna-Canales AS, Pérez-
Partida JC et al. Biomechanical Fatigue Behavior of a Dental 
Implant Due to Chewing Forces: A Finite Element Analysis. 
Materials (Basel). 2024;17:1669. 

24.	 Shala K, Tmava-Dragusha A, Dula L, Pustina-Krasniqi T, 
Bicaj T, Ahmedi E et al. Evaluation of Maximum Bite Force 
in Patients with Complete Dentures. Open Access Maced J 
Med Sci. 2018;6:559-563.

25.	 Hernández-Vázquez RA, Romero-Ángeles B, Urriolagoitia-
Sosa G, Vázquez-Feijoo JA, Vázquez-López ÁJ, Urriolagoitia-
Calderón G. Numerical Analysis of Masticatory Forces on a 
Lower First Molar considering the Contact between Dental 
Tissues. Appl Bionics Biomech. 2018;2018:4196343. 

26.	 Poli O, Manzon L, Niglio T, Ettorre E, Vozza I. Masticatory 
Force in Relation with Age in Subjects with Full Permanent 
Dentition: A Cross-Sectional Study. Healthcare (Basel). 
2021;9:700.

27.	 Geng JP, Tan KB, Liu GR. Application of finite element 



Dental Medicine 

MEDICINE AND PHARMACY REPORTS Vol. 98 / No. 4 / 2025: 511 - 521520 

analysis in implant dentistry: a review of the literature. J 
Prosthet Dent. 2001;85:585-598.

28.	 Cruz RS, Lemos CAA, de Batista VES, Yogui FC, Oliveira 
HFF, Verri FR. Narrow-diameter implants versus regular-
diameter implants for rehabilitation of the anterior region: a 
systematic review and meta-analysis. Int J Oral Maxillofac 
Surg. 2021;50:674-682.

29.	 Anitua E, Larrazabal Saez de Ibarra N, Morales Martín I, 
Saracho Rotaeche L. Influence of Dental Implant Diameter 
and Bone Quality on the Biomechanics of Single-Crown 
Restoration. A Finite Element Analysis. Dent J (Basel). 
2021;9:103. 

30.	 Canullo L, Menini M, Covani U, Pesce P. Clinical outcomes 
of using a prosthetic protocol to rehabilitate tissue-level 
implants with a convergent collar in the esthetic zone: A 
3-year prospective study. J Prosthet Dent. 2020;123:246-251.

31.	 Gao Y, He X, Xu W, Deng Y, Xia Z, Chen J, He Y. Three-
dimensional finite element analysis of the biomechanical 
properties of different material implants for replacing missing 
teeth. Odontology. 2025;113:80-88. 

32.	 Velasco-Ortega E, Flichy-Fernández A, Punset M, Jiménez-
Guerra A, Manero JM, Gil J. Fracture and Fatigue of Titanium 
Narrow Dental Implants: New Trends in Order to Improve the 
Mechanical Response. Materials (Basel). 2019;12:3728.

33.	 Yang F, Liu D, Yin W, Yuan C, Hu Y, Xu J, Yang Y, Tang 
J, Chen J. Three-dimensional finite element analysis of the 
biomechanical behaviour of different dental implants under 
immediate loading during three masticatory cycles. Heliyon. 
2024;10:e32616. 

34.	 Brizuela-Velasco A, Pérez-Pevida E, Jiménez-Garrudo A, 
Gil-Mur FJ, Manero JM, Punset-Fuste M et al. Mechanical 
Characterisation and Biomechanical and Biological 
Behaviours of Ti-Zr Binary-Alloy Dental Implants. Biomed 
Res Int. 2017;2017:2785863.

35.	 Chatterjee E, Nasha A, Mustafa M, Chinthalapudi SL, 
Padavala S, Lakshmipuram AK et al. The Impact of Implant 
Angulation on the Stress Distribution and Survival Rate of 
Implant-Supported Fixed Dental Prostheses: A Retrospective 
Study. Cureus. 2023;15:e47892. 

36.	 Hanes B, Feitosa S, Phasuk K, Levon JA, Morton D, Lin WS. 
Fracture Resistance Behaviors of Titanium-Zirconium and 
Zirconia Implants. J Prosthodont. 2022;31:441-446. 

37.	 Medvedev AE, Molotnikov A, Lapovok R, Zeller R, Berner S, 
Habersetzer P et al. Microstructure and mechanical properties 
of Ti-15Zr alloy used as dental implant material. J Mech 
Behav Biomed Mater. 2016;62:384-398.

38.	 Pérez RA, Gargallo J, Altuna P, Herrero-Climent M, Gil 
FJ. Fatigue of Narrow Dental Implants: Influence of the 
Hardening Method. Materials (Basel). 2020;13:1429. 

39.	 Zhao Q, Ueno T, Wakabayashi N. A review in titanium-
zirconium binary alloy for use in dental implants: Is there an 
ideal Ti-Zr composing ratio? Jpn Dent Sci Rev. 2023;59:28-
37. 

40.	 Valente NA, Wu M, Toti P, Derchi G, Barone A. Impact 
of Concave/Convergent vs Parallel/ Divergent Implant 
Transmucosal Profiles on Hard and Soft Peri-implant Tissues: 
A Systematic Review with Meta-Analyses. Int J Prosthodont. 

2020;33:553-564. 
41.	 Correa DRN, Rocha LA, Donato TAG, Sousa KSJ, Grandini 

CR, Afonso CRM, et al. On the mechanical biocompatibility 
of Ti-15Zr-based alloys for potential use as load-bearing 
implants. J Mater Res Tech. 2020;9:1241–1250. 

42.	 Parize HN, Bohner LOL, Gama LT, Porporatti AL, Mezzomo 
LAM, Martin WC et al. Narrow-diameter implants in the 
anterior region: A meta-analysis. Int J Oral Maxillofac 
Implants. 2019;34:1347–1358.

43.	 Ioannidis A, Gallucci GO, Jung RE, Borzangy S, Hämmerle 
CH, Benic GI. Titanium-zirconium narrow-diameter versus 
titanium regular-diameter implants for anterior and premolar 
single crowns: 3-year results of a randomized controlled 
clinical study. J Clin Periodontol. 2015;42:1060-1070. 

44.	 Fathi A, Borhani S, Salehi S, Mosharraf R, Atash R. Effect 
of Thermodynamic Cyclic Loading on Screw Loosening of 
Tightened Versus New Abutment Screw in Bone Level and 
Tissue Level Implants in DIO Implant Company (In-Vitro 
Study). Clin Exp Dent Res. 2025;11:e70162. 

45.	 Borges Radaelli MT, Idogava HT, Spazzin AO, Noritomi 
PY, Boscato N. Parafunctional loading and occlusal device 
on stress distribution around implants: A 3D finite element 
analysis. J Prosthet Dent. 2018;120:565-572.

46.	 Silva LS, Verri FR, Lemos CAA, Martins CM, Pellizzer EP, de 
Souza Batista VE. Biomechanical effect of an occlusal device 
for patients with an implant-supported fixed dental prosthesis 
under parafunctional loading: A 3D finite element analysis. J 
Prosthet Dent. 2021 Aug;126:223.e1-223.e8. 

47.	 Xiao W, Chen Y, Chu C, Dard MM, Man Y. Influence 
of implant location on titanium-zirconium alloy narrow-
diameter implants: A 1-year prospective study in smoking and 
nonsmoking populations. J Prosthet Dent. 2022;128:159-166. 

48.	 Costa Castillo M, Laguna Martos M, Marco Pitarch R, García 
Selva M, Del Cid Rodríguez S, Fons-Badal C et al. Analysis 
of Peri-Implant Bone Loss with a Convergent Transmucosal 
Morphology: Retrospective Clinical Study. Int J Environ Res 
Public Health. 2022;19:3443. 

49.	 Ionescu A, Dodi A, Panagopoulos V, Nicolescu MI, Mihai 
AT, Tanase G, Vlasceanu D. Biomechanical consequences 
of dental implants inserted in augmented alveolar ridges – 
a comparative study between tissue-level and bone-level 
implants: finite elements analysis. Rom J Oral Rehabilitation 
2019;11:69-75.

50.	 Ghasemi E, Fathi A, Jahangiri S, Farahmand S. Evaluation of 
the effect of different angles and positions of implants on stress 
distribution in bone and prosthetic structures in reconstruction 
of complete maxillary arch with all-on-four concept: 3d finite 
element analysis. Rom J Oral Rehabilitation 2025;17:73-92.

51.	 Müller F, Al-Nawas B, Storelli S, Quirynen M, Hicklin S, 
Castro-Laza J et al. Roxolid Study Group. Small-diameter 
titanium grade IV and titanium-zirconium implants in 
edentulous mandibles: five-year results from a double-blind, 
randomized controlled trial. BMC Oral Health. 2015;15:123. 

52.	 Yadav K, Kumar S, Aggarwal R, Kaur I, Goyal A, Sharma R et 
al. Finite Element Analysis of Platform Switching Effects on 
Stress Distribution in Posterior Implants Placed in Different 
Bone Types Under Axial and Oblique Loading Conditions. 



Original Research

MEDICINE AND PHARMACY REPORTS Vol. 98 / No. 4 / 2025: 511 - 521   521

Cureus. 2025;17:e86821. 
53.	 Brizuela A, Herrero-Climent M, Rios-Carrasco E, Rios-

Santos JV, Pérez RA, Manero JM et al. Influence of the 
Elastic Modulus on the Osseointegration of Dental Implants. 
Materials. 2019; 12:980.

54.	 Zapata JM, Leal E, Hunter R, de Souza RF, Borie E. 
Biomechanical Behavior of Narrow Dental Implants Made 
with Aluminum- and Vanadium-Free Alloys: A Finite Element 

Analysis. Materials. 2022; 15:8903.
55.	 Lourenço ML, Cardoso GC, Sousa KDSJ, Donato TAG, 

Pontes FML, Grandini CR. Development of novel Ti-Mo-Mn 
alloys for biomedical applications. Sci Rep. 2020;10:6298. 

56.	 Calazans Neto JV, Celles CAS, de Andrade CSAF, Afonso 
CRM, Nagay BE, Barão VAR. Recent Advances and Prospects 
in β-type Titanium Alloys for Dental Implants Applications. 
ACS Biomater Sci Eng. 2024;10:6029-6060. 


