Effect on stress distribution with minimum implant diameter
towards mandibular bone using FEA
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Abstract. The purpose of this study is to evaluate the stress on trabecular bone and cortical bone
located in trabecular bone with single prostheses supported by implants using the Finite Element
Analysis (FEA) method. This experimental method was carried out by producing 3.5mm
diameter implant models, followed by trabecular bone and mandibular bone models using Catia
V5R21. After the model is produced FEA will be carried out using Abaqus CAE. Criteria for
data collection is using von Misses values. The result reaction from compression 200 N force
applied is the stress for implant and cortical bone is accepted. While out of range for trabecular

bone. In conclusion model improvements need to be done so that the obtained values are safe.
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1 Introduction

The success of dental implant is related
to the quality and quantity of jaw bones,
implant design, implant surface texture.
surgical procedures and so on. Among the
implant  designs, implant diameter
intensively studied and well accepted as
key factors, since they directly influence
the primary stability, placement, and
removal torque values of dental implant

[1].

The size of dental implants plays an
important role in the stress distribution in
implants [2]. By controlling these elements,
mechanical failures such as breakage of
screws, components or facets on the
framework can be avoided [3].

Implants with a diameter of 3.5mm are
often chosen for cases with narrow bony
ridges or limited interdental space [4].
Smaller diameter than 3.5 mm are termed
narrow or small-diameter implants [5].
Mini-implants carry mechanical risks
including fracture of implant fixture and
reduction in resistance to the occlusal force
due to their smaller-diameter [5]. Previous
studies have reported the potential risks
that might occur as the diameter of implant
lessens [5]. The implant design for this
analysis are refer from [6].

Length  10mm choose because
Horiuchi et al. suggested that implants
should be at least 10 mm long to ensure a
high success rate[1l]. Research indicates
that 10mm-long implants have excellent



success rates, especially in the back of the
mouth where there may be limited bone
height but increased chewing forces [7].

However, few studies have been
specially designed in this position. Effects
of implant diameter on bone stress
distribution and implant stability in this
region remain unclear. Therefore, it is
necessary to understand the role of small
or minimum implant diameter [1].

2 Materials & method

Figure 1 below show the example of
analysis from previous research will use in
this research simulation. Software Catia
V5r21 was used to create the model. While
the analysis for FEA software Abaqus were
used. The institutional ethical committee
(IMU R 216-2018) approved this FEA study.

Figure 1: Example of analysis [2].

A cortical bone and trabecular bone in
a mandibular bone was modelled in a

rectangle shape to illustrate the bone
structure using CATIA V5r21 as show in
Figure 2 and Figure 3. Subsequently, the
stress distribution of von Mises was
analysed using ABAQUS. The meshing
process was automatically conducted and
detailed in Table 1 below.

Figure 3: Model of analysis (wireframe
view)



Name:  Load-1
Type:  Pressure
Step:  Step-1 (Static, General)
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Figure 4: Load application and boundary
condition.

From Figure 1, The use of a 200N
load in dental implant analysis is chosen
because it accurately represents the forces
experienced by implants during chewing
and other oral activities. Research indicates
that this force level is commonly
encountered during various oral functions,
making it a practical method for examining
implant performance and stress
distribution. Employing a 200N load
enables researchers to assess the
biomechanical stability and stress reactions
of implants in conditions that closely
resemble everyday use. This approach
allows for insights into how different
implants react to the typical forces they
face, ensuring that the findings have direct
clinical relevance [9].

From Figure 2 & 3, this analysis was
designed like previous studies. however,
each input used is a mixture of various
sources. The choice was made to use a
standard 3D model mini screw implant with
a 3.5mm diameter, which corresponds to
the maximum size in the standard screw
implant (@#3.5 x 10mm) as described in
Table 1 [[10]. The chosen implant was
designed as a single body using
computeraided design (CAD) software
program CATIAV5r21 and then imported to
ABAQUS to analyze its effect on the cortical
and spongy bone in the mandibular
structure. Individual 3D models were put
together with an intersecting contact-mesh
with the bone surface. Figure 4, explain
force direction applied at the top of
implant model with 200N force. The
material properties are detailed in Table 2.

Table 1: Implant size [10].

Length (mm)
1 3.5 10

Size  Diameter (mm)

Table 2: Implant materials and properties.

Young Poisson
Materials modulus Ratio Reference
(GPa) (V)
Titanium 110 0.35 [5, 11-14]
Trabecular [5, 14-16]
1.37
bone
i 5, 14-16
Mandibular 13.7 [ ]
bone
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Result Table 3: Von misses result
The overall model assembly was Part Von misses (MPa)
indicated by using Von misses stress in any Implant 369.38
lrndbllvldl;al c(cj)me‘)onent!,5 as ts.lh(;\{vn in 8th.e Trabecular bone 158.30
able and Figure until Figure is Cortical bone 3761

simulation result.

a)

S, Mises

(Avg: 75%)
369.384E+00
338.607E+00
307.830E+00
277.052E+00
246.275E+00
215.498E+00
184,720E+00
153.943E+00
123.166E+00
92.388E+00
61.611E+00
30.833E+00
56.156E-03

Max: 369.384E+00
Elem: IMPLANT-1.8948
Node: 277

b)

1 B369.1384E+ 00O

Figure 5: a) Contour plot Von misses Stress for model (implant @ 3.5mm), b) Result analysis for
model (implant @ 3.5mm), c) Result analysis for model (implant @ 3.5mm), (YZ-plane cross section).

a)

S, Mises

(Avg: 75%)
369.384E+00
338.607E+00
307.830E+00
277.052E+00
246.275E+00
215.498E+00
184,720E+00
153.943E+00
123.166E+00
92,388E+00
61.611E+00
30.833E+00
56.156E-03

Max: 369.384E+00
Elem: IMPLANT-1,8948
Node: 277

b) c)

Max: 369.384E+00 Max: 369.384E+00

Figure 6: a) Contour plot Von misses Stress for implant (implant @ 3.5mm), b) Result analysis for

implant (implant @ 3.5mm), c) Result analysis for implant (implant @ 3.5mm), (YZ-plane cross
section).




S, Mises b)

(Avg: 75%)
37.612E+00
34.483E+00
31.354E+00
28.225E+00
25.096E+00
21.967E+00
18.838E+00
15.709E+00
12.580E+00
9.451E+00
6.322E+00
3.193E+00
63.481E-03

Max: 37.612E+00
Elem: CORTICAL-1.1209
Node: 41

W76 12E+00 Max: 3736 12E+00

Figure 7: a) Contour plot Von misses Stress for Cortical bone (implant @ 3.5mm), b) Result analysis
for Cortical bone (implant @ 3.5mm), c) Result analysis Cortical bone (implant @ 3.5mm), (YZ-plane

cross section).

a) b)

S, Mises

(Avg: 75%)
158.297E+00
145.111E+00
131.924E+00
118.737E+00
105.550E+00
92.364E+00
79.177E+00
65.990E+00
52.803E+00
39.616E+00
26.430E+00
13.243E+00
56.156E-03

Max: 158.297E+00
Elem: TRABECULAR-1.2960
Node: 199

Figure 8: a) Contour plot Von misses Stress for Trabecular bone (implant @ 3.5mm), b) Result
analysis for Trabecular bone (implant @ 3.5mm), (top view), c) Result analysis Trabecular bone

(implant @ 3.5mm), (YZ-plane cross section).

4  Discussion

Table 4 presents a range of Von
misses stress that should be achieved and
cooperation with analysis result based on
previous research. Depending on the
implant material used, the Von Mises stress
value for the implant is 369.38 MPa, which

is quite high but still within the acceptable
range for mandibular implants. High loads
must be tolerated by implants, particularly
in the mandibular region where high
pressure is present. Depending on the
design and the applied load, implants may
experience high levels of stress [8].




Table 4: Comparison between analysis result and Von misses stress range.

Von misses stress range

Analysis result

Part (MPa) Reference (MPa) conclusion
Implant 50 -800 [14] 369.38 In range
Trabecular bone 0.1-5 [18] 158.30 Out of range
Cortical bone 10-50 [19] 37.61 In range

The fact that trabecular bone has a
high Von Mises stress value (158.30 MPa)
indicates that it is under significantly more
pressure than usual. Compared to cortical
bone, trabecular bone typically has less
strength. This number could point to an
instance where the implant transfers a
significant load straight to the trabecular
bone, increasing the possibility of harm or
fracture. Trabecular bone typically
undergoes 0.1 to 5 MPa of stress. The value
acquired is significantly higher, potentially
as a result of elements like implant design
or specific anatomical circumstances [9].

Cortical bone is generally stronger
and able to withstand higher stress
compared to trabecular bone. However,
this value of 37.61 MPa is close to the stress
limit that can cause damage, depending on
the thickness of the cortical bone and other
factors such as the age and bone health of
the patient. It is important to ensure that
the stress on the cortical bone remains
within safe limits to avoid long-term
problems. This may require further
adjustments to implant design, load
reduction, or optimization of implant
placement [10].

When choosing dental implants,
clinicians have a lot of factors to take into

account. Numerous investigations have
examined implant complexes using loading
tests and finite element modelling, offering
new [11]. Implant diameter, implant
length, bone quality, and other design
elements like thread characteristics,
implant system, and abutment collar
height all affect how well a dental
implantation works. Implants with 10 to
20-degree neck configurations are advised
to decrease strain values and improve load
dissipation in bone because better bone
guality lowers bone strain values [12,13].

5 Conclusion

Based on the study, the value obtained
is acceptable. However, model
improvements need to be done so that the
obtained values are safe.
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