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INTRODUCTION
In order to maximise the use of the remaining 
bone in atrophic jaws and enable rapid function, 
the “all-on-four” treatment concept was created. 
This approach avoids regenerative therapies, 
which raise treatment costs and patient morbidity 
and have inherent difficulties [1]. The process 
supports a four-implant, temporary, fixed, and 
quickly loaded prosthesis in the anterior site of 
jaws that are completely edentulous. In order to 
decrease the length of the cantilever and make 
use of it for multiple teeth (upto 12 teeth), the 
2 posterior implants are positioned distally and 
at an angle, while the two 2 anterior implants 
are positioned axially [2]. This improves 
masticatory efficiency. The following tendencies 
were preceded by the initial Brånemark surgical-
prosthetic protocol, which recommended putting 
6 fixture of implants over the mandibles with 
mild to medium resorption and four fixture of 
implants to repair a resorbed mandible [3]. Both 
patients and therapists currently frequently use 
immediate loading techniques for edentulous 
jaws. Regardless of the loading protocol used, 
high survival rates and a low incidence of 
complications show that implant treatment is 
predictable. Today, creating straightforward and 
affordable protocols is the difficulty rather than 
proving functionality [4].
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Background
The biomechanical performance of implant–abutment connection 
designs plays a crucial role in the long-term success of all-on-4 
implant-supported prostheses. External hex connections (EHCs) 
and internal hex connections (IHCs) differ in geometry, load 
transfer, and mechanical stability, which may influence stress 
distribution and the likelihood of mechanical complications.

Materials and Methods
A three-dimensional finite element model of a mandible with an 
all-on-4 implant configuration was developed. Two connection 
designs—EHC and IHC—were simulated with identical implant 
positioning and prosthetic frameworks. A static axial load was 
applied to the distal cantilever region. Stress distribution was 
analyzed in key components including prosthetic screws, multi-unit 
abutments (MUAs), implant screws, and fixtures. Peak von Mises 
stress values were compared between the two connection groups.

Results
Both EHC and IHC configurations demonstrated biomechanical 
stability under axial loading. In both groups, the highest stress 
concentrations were observed in the prosthetic screws, followed 
by MUAs, indicating potential weak points in the posterior 
implants. The EHC group exhibited significantly lower peak 
stresses in critical components: the implant screw showed 37.75% 
lower stress and the implant fixture showed 33.03% lower stress 
compared to the IHC group. Overall, EHCs demonstrated more 
favorable stress distribution characteristics. Conclusion: External 
hex connections may offer biomechanical advantages over 
internal hex designs in all-on-4 mandibular prostheses by reducing 
stress transmission to implant screws and fixtures. Although both 
connection types performed within clinically acceptable limits, 
the reduced stress in the EHC group highlights its potential to 
minimize mechanical complications. Further experimental and 
clinical studies are recommended to validate these findings and 
support optimization of implant–abutment connection designs for 
full-arch restorations.

Keywords
All-on-4 implants, finite element analysis (FEA), implant–
abutment connection, stress distribution, hex connectiona
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Both patients and professionals are increasingly using 
immediate loading techniques for edentulous jaws 
[5, 6]. Regardless of the loading strategy used, high 
survival rates and a low frequency of problems show 
that implant treatment is predictable [7, 8]. The present 
challenge is not to demonstrate functionality, but to 
develop inexpensive and user-friendly protocols.
Complete edentulism can be difficult, and aspects 
including denture stability and appearance may affect 
patients’ happiness with standard complete dentures [10].
Maló et al. in 2003 developed a therapy strategy known 
as “All on 4” to address these problems. This method 
supports a full-arched fixed denture with 4 implants: 2 
vertically positioned in the anterior site and 2 slanted 
in the posterior site. The All on 4 treatment method 
has the advantages of preventing extra bone grafting 
operations, reducing cantilever length, and protecting 
against injury to the inferior alveolar nerve.
Completely edentulous mandibles can be successfully 
and sustainably rehabilitated with All on 4 therapy. 
According to a previous study, the pooled overall 
success rate of the All on 4 therapy was 91.7% up to 
a 1 and half year follow-up [5]. Also, a study of the 
literature [7] shown that All on 4 therapy has success 
rates comparable to traditional vertical implants, mainly 
due to its favorable biomechanical properties.
A comprehensive literature review indicates a variety 
of factors, such as the surrounding bone’s quantity 
and quality, dimensions of implant  (length, diameter, 
shape, surface structure, loading type, material 
properties) affect the distribution of load at the implant 
- bone interface [11]. Different implant designs with 
its geometry in implant–abutment connection, might 
also influence occlusal force transfer. The performance 
and preservation of osseointegration of implant may 
be impacted by these design variations, which could 
result in mechanical and biological problems that 
could jeopardize prognosis and may leads to implant 
breaks [12]. Depending on type of connection between 
the implant and the abutment, implant designs can be 
classified as internal or external. External connections 
simplify the prosthetic phase by offering two benefits: 
improved fit and increased versatility in situations 
involving multiple replacements of teeth. The most 
popular surgical technique for the All on 4 therapy, 
created by Maló et al. in 2019, is the external hexagon 
connection. Internal connections, on the other hand, 
typically encourage more equitable distribution of 

stress and cause less marginal bone loss. However, there 
are certain disadvantages to both kinds of implant–
abutment interactions. While internal connections may 
pose difficulties in attaining a perfect passive fit with 
numerous
implants, external ones are vulnerable to biomechamical 
complications brought on by dislodging abutment, 
which may generate issues throughout the prosthetic 
phase [13].
The All on 4 treatment was shown to be viable by Maló 
et al. in 2019 [14], however all other therapy employed 
the similar type of implant–abutment connection. The 
application of exterior and internal hexagon connections 
as two different types in full-arch rehabilitations was 
investigated in a different randomised, split-mouth trial. 
Within a three year follow-up, their results showed that 
both the two types were linked to increased success 
rates; however, zero significant differences were noted 
with mechanical difficulties, likely due to the small 
sample size [15]. The biomechanical performance of 
the All on 4 therapy has since become the main focus 
of research. Reducing the peak bone stress brought on 
by occlusal loading is a major bioengineering concern 
with this treatment. The effects of posterior implants’ 
cantilever length, location, and angulation have been 
the focus of numerous studies [16].
Because of the good survival rates and minimal incidence 
of problems that show that implant therapy is predictable 
independent of loading regimen, immediate loading 
treatments for edentulous jaws have gained popularity 
among both doctors and patients [17]. Developing user- 
friendly and reasonably priced protocols is the current 
challenge, not proving capability. For evaluating and 
improving the biological and mechanical performance 
of multiple implant prosthetic therapies, such as All on 
4 treatment, Finite Element Analysis (FEA) has shown 
promise [18]. FEA is a reliable method for modeling 
several parameters in a prototype, enabling for the 
examination of their possible applicability in real 
clinical settings.

2. MATERIALS AND METHODOLOGY
The selected design is suitable to analyze clinically 
durable under different loading conditions, stress at 
different components under different loading conditions. 
The study includes 24 typical models of mandibular All 
on 4 therapy. Two groups were formed out of them. We 
chose implants in the external - hexagon connection 
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(E-HC) group that were 4 mm x 18 mm (diameter x 
long) (NobelSpeedTM Groovy, Nobel Biocare) [9]. 
Internal - hexagon connection (I-HC) group utilized 
implants measuring 4.3 mm x 18 mm (diameter x 
length) (NobelParallelTM Conical Connection, Nobel 
Biocare) [9].

To make sure the sample is representative of the larger 
population, random sampling will be used. Sample 
size determination was conducted using the MetSizeR 
approach, a method tailored for high-dimensional data 
such as metabolomics. The sample size was calculated 
to achieve a statistical power of 80-90 %, resulting in a 
requirement of 12 models per group. This sample size

is adequate to detect significant differences in biomarker 
levels between the groups while maintaining control 
over the FDR.

The formula used for sample size estimation was: (1)

In this formula:

● The Z-score that corresponds to the significance 
level is Zα/2, which is typically 1.96 for a 95% 
confidence level.

● The Z-score that corresponds to the necessary 
statistical power is Zβ, which is typically 0.84 for 
80% power.

● σ2 represents the variance of the representative 
models,

● μ1−μ2 is the effect size or the expected difference 
between the means of the two groups.

2.1 Parameters under study

Clinically durability under the tested loading 
conditions.

Implant success and failure

Von Mises stress values

Von Mises stress peak values for the 

bar of implant

prosthetic - screw

MUA

implant - screw

fixture of implant

Bone

other components

Pattern of stress distribution 

The way the load is transferred through parts of the 
3D model may affect the patterns of stress distribution. 
The pattern of stress distribution in both the groups that 
includes, 
bar of implant
prosthetic - screw
MUA
implant - screw
fixture of implant
bone 
Response variables

· Material/surface modification of the abutment screw 
· loss of preload in the prosthetic - screw 
· design of the implant/abutment joint 
· method of torque
· cantilever 
· misfit of the prosthesis
2.2 Data collection and research tools

Physical domain
The current study examined a representative model of 
All on 4 therapy in mandible. 2 anterior implants were 
positioned according to plan in the anterior portion of 
the model, while 2 posterior implants were positioned 
in the premolar region. All of the crucial elements of the 
All on 4 assembly, such as prosthetic - screws, implant 
- screws, multi-unit abutments (MUAs), and a specially 
designed titanium framework (bar of implant), were 
also included in our analysis. Figure 1 illustrates every 
part of the All on 4 assembly used in our investigation.
The model under examination for the anterior implants 
includes implants with 4mm diameter x 13 mm length 
(NobelSpeedTM Groovy) [9] and a straight abutment 
of 1 mm  (Multi-unit Abutment, Nobel Biocare).  Two 
types of implant abutment connections were employed 
for the posterior implants. The implants we selected for 
the external hexagon connection (E-HC) group were 4 
x 18 mm in diameter x length (NobelSpeedTM Groovy, 
Nobel Biocare) [9]. The internal hexagon connection 
(I-HC) group’s NobelParallelTM Conical Connection 
implants were 18 mm long and 4.3 mm in diameter 
[9]. We chose 30° angled abutments (30° Multi-unit 
Abutment, Nobel Biocare) for both groups. To ensure 
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Fig. 1 Components of the All on 4 assembly: (a) bar 
of implant; (b) prosthetic - screw; anterior implant 
assembly: (c) fixture of implant, (d) abutment, and 
implant - screw; posterior implant assembly in the E-HC 
group: (e) fixture of implant, (f) abutment, and implant 
- screw; posterior implant assembly in the I-HC group: 
(g) fixture of implant, (h) abutment, and implant - screw.

measurement accuracy, vernier callipers and a digital 
microscope were used to measure every component, 
including bar of implants, MUAs, prosthesis screws, 
and implant screws. These model were then scanned 
using a three dimensional optical scanning system 
(AiconSmartScan-HE) to provide high-resolution 
images. Lastly, finite element analysis (FEA) software 
(ANSYS Workbench 2020 R1 and computer-aided 
design (CAD) software (Inventor2020) were used to 
construct the 3D models. Two sets of finite element 
models for the “All on 4 assembly” are displayed in 
Figure 2.
In order to replicate the human bone structure, the 
examined model was imported into a 50 mm × 30 mm 
× 40 mm bone block model using FEA software. The 
bone block model has a 3mm thickness outer layer 
that mirrored the cortical bone and a spongeous inner 
substance mimicked cancellous bone.
Finite element analysis
Tetrahedron elements (SOLID187), with 10 node 
elements with quadratic displacement, were used to 
mesh all components. It is high order 3D element that 
works well for irregular meshes. Furthermore, we 
employed various elements with sizes sizes, ranging 

(a) (b)

Fig. 2 Finite element model in (a) E-HC group and (b) 
I-HC group.

from minimum 0.08 to maximum 2.00 mm, in order 
to obtain accurate results. The E-HC and I-HC groups 
were similarly meshed with the same amount of pieces. 
E-HC group employed about 1,885,434 elements and 
2,842,741 nodes, whereas I-HC group employed, 
1,948,198 elements and 2,954,778 nodes.
Utilizing energy dispersive X ray spectroscopy (JSM-
6360), the current study’s materials, were confirmed. 
Furthermore, we made the assumption that all the 
included materials, and also bone had isotropic, 
homogeneous, and elastic properties for the purposes 
of our investigation. The material’s mechanical 
characteristics utilised for the bone and All on 4 
components were determined in earlier research and are 
shown in Table 1 [19–21] below.
Table 1 Mechanical properties of the materials used in 
the model.

Material
Young’s Modulus 

(GPa)
Poisson’s 

Ratio

Yield 
Strength
(MPa)

Cortical bone 13.4 0.30 -

Cancellous bone 1.37 0.30 -

PureTitanium 
(Implant fixture) 115 0.35 680

Ti-6Al-4V alloy 
(Implant bar, Implant 

screw, Prosthetic screw, 
Screws, Abutments)

110 0.33 795

It was thought that the interface between the cancellous 
and cortical bones was bonded, permitting the main 
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attention to be on the loading effects on the All on 4 
assembly’s components. It was believed that the bone 
implants interface was completely osseointegrated. As 
a result, the bone-implant interface was set to “bonded.” 
We used a coefficient of friction of 0.3 to account for 
frictional cause inside each All on 4 model component. 
Applying a stable pillar to all surfaces of the bone block 
model (Figure 3a) allowed us to limit displacement 
in three directions to zero in the boundary conditions, 
except for the occlusal surface.

Fig. 3 Boundaries and loading conditions of the models 
(a) Bone block model’s boundary condition fixed and 
supported on all non occlusal surfaces (b) Application 
of 190 N vertical force to the bar of implant. Bolt 
pretension with axial force on the prosthetic - screw and 
implant - screws .
With the calculation 
T = KDF, 
where T is tightening torque (N·m) , K is torque coefficient 
, D is screw diameter (m), and F is  reflects the axial 
force (N), we converted the Screw’s tightening torque 
as the axial force on force application. Following the 
manufacturer’s instructions, we tightened the prosthetic 
- screw by 0.1 N·m, the implant - screw’s mesial surface 
by 0.35 N·m, and the implant - screw’s distal surface by 
0.15 N·m. We determined the corresponding axial force 
to be 192.01 N, 457.56 N, and 215.51 N, respectively, 
using these torques. Under loading circumstances, the 
bar of implant, positioned around 10 mm distal to the 
posterior implant’s prosthetic - screw was subjected to 
a 190 N vertical force (Fig. 3b).
3. Statistical analysis

3.1 Descriptive statistics

Clinical features were summed up in the primary 

(a) (b)

analysis as frequencies (N), percentages (%), measures 
of central tendency and variability. Chi-square tests 
and t-tests/ Mann-Whitney U tests were used for non 
parametric and parametric variables respectively. 
The biomechanical performance characteristics will 
be evaluated using multivariate analysis of variance 
(MANOVA).
3.2 Machine learning for predictive modeling

Predictive models will be developed with machine 
learning techniques like Random Forest and Support 
Vector Machines. These models will be validated using 
cross-validation methods like k-fold cross-validation, 
and measures like accuracy, precision, recall, and AUC-
ROC will be used to assess how well they perform. 
Important biomarkers that aid in illness prediction will 
be found using feature importance analysis.
4. Results and discussion

Under identical loading conditions, both the groups 
showed the same findings relating distribution of stress 
values in the All on 4 assembly’s posterior implants. In 
both groups, the prosthetic - screws had the greatest von 
Mises stress values, followed by the
MUAs, as Figure 4 illustrates.
According to the findings of the current research, 
MUAs and prosthetic - screws may denote the weak 
points on the posterior implant of the All on 4 assembly. 
Interestingly, these stress levels were near to but not 
higher than the Ti-6Al-4V alloy’s yield strength, 
which is approx. 795 MPa. For the prosthetic - screws, 
the E-HC group’s peak von Mises stress values were 
699.00 MPa,
while the I-HC group’s were 681.63 MPa. Second, bone 
consistently showed the lowest von Mises stress levels, 
with the E-HC group recording 99.91 MPa and the 
I-HC group recording 93.17 MPa. This result suggests 
that a significant amount of the stress was absorbed by 
the metallic parts of the All on 4 system, reducing the 
amount of stress that was transferred to the surrounding 
bone. Furthermore, the von Mises stress values on the 
bar of implant, prosthetic - screw, MUAs, and bone were 
comparable in the two groups; the E-HC group’s value 
was slightly higher than the I-HC group’s. In particular, 
the bar of implant, prosthetic - screw, MUAs, and bone 
all had von Mises stress peak values in the E-HC group 
that were 8.8%, 1.2%, 5.3%, and 6.2% greater than 
those in the I-HC group, respectively. Finally, there was 
a decline in the maximum von Mises stress values from 
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(a) (b)

(c) (d)

(e) (f)

Fig. 4 Peak values of von Mises stress on implant’s 
(a) bar, (b) prosthetic - screw, (c) MUA, (d)  screw, (e) 
fixture, and (f) bone in the E-HC and I-HC groups

Fig. 5 Maximum von Mises stress on each component 
of the E-HC and I-HC groups.
Figure 5 illustrates that the maximum von Mises stress 
values for the implant - screws and fixture of implants 
in the two groups differed significantly. It is interesting 
to point out that the E-HC group’s peak stress values for 

the fixture of implant and screw were obviously lower 
than those of the I-HC group. The von Mises stress 
values of the implant - screw in the E-HC group were 
37.75% lower than those in the I-HC group.
Furthermore, von Mises stress values for the fixture of 
implants in the E-HC group were 33.03 percent lower 
than those in the I-HC group. These findings imply 
that there were variations in the two groups’ stress 
distributions. The load transfer in the E-HC group was 
mostly concentrated on prosthetic - screws and MUAs, 
even though the stress was uniformly distributed with 
lower von Mises stress values on the bar of implant, 
implant - screw, and fixture of implant. However, in 
the I-HC group, the stress was more evenly distributed 
throughout the prosthetic - screw, MUAs, implant - 
screw, and fixture of implant.
The load transmission through each part of the 3D 
finite element model resulted in distinct patterns of 
stress distribution. In general, the load force tended to 
concentrate at locations where parts were connected. 
Von Mises stress levels on the bar of implant, prosthetic 
- screw, MUAs, and bone were comparable among the 
groups, as was previously mentioned. However, we 
found that the distal-lingual surface of the ring junction 
was where the bar of implant’s largest stresses were 
found when we looked at the region of each group 
component where the greatest stress is concentrated. The 
third thread / the middle part of the prosthetic - screw, 
experienced the greatest strains.  Similarly, the two 
groups had the highest forces on the surrounding bone in 
the cantilever region, which is located in the cervical 3rd 
of the fixture of implant. However, the E-HC and I-HC 
groups’ peak stress values were located differently with 
respect to each other. In the E-HC group, the maximum 
stress was found on the innermost surface of the distal 
region of the thread, which attaches to the prosthetic - 
screw. In contrast, the I-HC group had the most stress at 
the junction with the fixture of implant.
Even though the von Mises stress magnitudes differed 
noticebly between the two groups, there were some 
similarities in the most stressed location for the implant 
- screws and fixtures.  The first thread of  implant - 
screw connecting to the MUAs, was the most tense. 
In all groups, the most stressed area was found to be 
the cervical portion of the fixture of implants, where 
they attach to the MUAs. In the E-HC group, this point 
was outside the first thread of the fixture of implant. 
Conversely, in the I-HC group, the greatest amount 
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of tension was placed on the interior contact surface 
between the MUAs and the fixture of implant.

5. CONCLUSION
Within the constraints of the research, the following 
conclusions can be made in light of the results of this 
FEA study. When the mandibular All on 4 assembly’s 
distal cantilever portion experiences an axial force:

1. Under the tested loading circumstances, both E-HCs 
and I-HCs exhibit clinical durability.

2. The prosthetic - screw and MUAs were the most 
strained areas in the E-HC and I-HC groups, suggesting 
that these parts may be the vulnerable spots on the 
posterior implant within the All on 4 assembly.

3. Compared to the I-HC group, the E-HC group’s 
implant - screw and fixture of implant had peak stress 
values that were 37.75% and 33.03% lower, respectively.
4. It is crucial to optimize design of the implant 
especially with specific implant–abutment connections 
for preventing overload and the resulting clinical 
repercussions.
 To confirm the results from the current FEA, more 
research is necessary.
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