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Abstract

Background. A key factor for the success or failure of an implant is how the stresses are
transferred to the surrounding bone. The implant-abutment connection (IAC) is paramount for
implant success. The purpose of this finite element analysis (FEA) study was to evaluate the stress
distribution in and around three different implant-abutment interfaces with platform-switched
and platform-matched abutments using the finite element method (FEM).

Methods. Three distinct types of IAC were selected: tri-channel internal connection, conical
connection, and internal hex connection. Six models were generated, three in platform-switched
and three in non-platform-switched configuration. Computer-Aided Three-Dimensional
Interactive Application (CATIA) V5 R20 software was used to generate virtual models of the
implants and the mandible. The models were transferred to Analysis of Systems (ANSYS) 15.0
software, in which the models were meshed and underwent FEA.

Results. On the crestal bone, the highest von Mises stresses in platform-switched abutments were
noticed in the internal hex implant-abutment system (370 MPa), followed by the tri-channel
implant-abutment system (190 MPa) and conical implant-abutment system (110 MPa). On the
implant and the abutment screw, the highest von Mises stresses were observed in the internal
hex implant-abutment system, followed by the conical implant abutment system and tri-channel
implant-abutment system. Platform-switched implants had a more favorable stress distribution
on crestal bone.

Conclusion. Within the constraints of the current study, the internal hex connection exhibited the
highest stress. In contrast, the conical abutment connection with platform switching configuration
had more favorable stress distribution in crestal bone than other implant abutment systems.
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Introduction hex connections. Commonly used internal connections

Implants were introduced in the 1970s for the rehabilitation
of patients who were completely edentulous.’* Since then,
there has been a greater awareness of, and consequent
demand for, this type of therapy. How stresses are
transmitted to the surrounding crestal bone is a crucial
aspect of the success of a dental implant. The type of
loading, the bone-implant contact, the dimensions of
the implants, and the quality and quantity of the bone
all influence load transmission from implants to the
surrounding bone.’

An implant-abutment interface is the level at which the
abutment connects to the implant body and is also called
the implant-abutment connection (IAC) or the implant-
abutment junction (IAJ]).* Research has shown that the
type of IAC can affect the stresses generated in peri-
implant bone, resulting in crestal bone loss.>” There are
several types of IAC, such as the external hex and internal

include hexagons, octagons, and tri-channels as part of
their internal geometry.®

Research has shown that platform-matched implants
have demonstrated early bone loss in the peri-implant
region.® Therefore, to preserve the crestal bone, a stable
IAC should be obtained by reducing the diameter of
the abutment. The situation in which the abutment is
narrower than the implant at the connection is termed
platform switching. According to several studies, platform
switching reduces crestal bone loss around the implant
while allowing for a greater volume of soft tissue at the
IAC to aid in soft tissue esthetics.*'

Weinstein et al'' in 1976 introduced finite element
analysis (FEA) in implantology. In finite element method
(FEM), virtual models are created to simulate complex
structures, and the stress distribution is tested on these
models. Thus, the inherent shortcomings of in vivo and in
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vitro methods for experimentally analyzing and evaluating
the biomechanical behavior of the bone, implant, and
prosthetic component is easily overcome by FEM. It
enables researchers to apply loads in different directions
and calculate the stress levels on the oral structures
and implants.?

Hence, this study evaluated the stress distribution in and
around three implant-abutment interfaces with platform-
switched and platform-matched abutments using FEA.

Methods
Generation of models
A finite element (FE) model of an edentulous portion of
the mandible requiring the replacement of teeth in the
posterior region was developed using an available cone-
beam computed tomography (CBCT) scan of a human.
The CBCT scan was imported to CATIA V5 R20, and a
solid mandibular model was created. The mandibular
section had a height of 28 mm and a width of 16 mm. The
width of cortical bone in the mandibular section was 1.2
mm (Figure 1).

Three distinct types of IAC were chosen from
commercially available implant systems, as follows:
e Implant I: Tri-channel IAC (Nobel Biocare, Goteborg,

Sweden)
* Implant 2: Conical IAC (Nobel Biocare, Goteborg,
Sweden)

e Implant 3: Internal hex IAC (Norris)

All the implants were 10 mm in length and 4.3 mm in
diameter.

Corresponding abutments were selected to simulate
platform-switched and platform-matched abutments,
measurements of which were as follows.

B

Figure 1. Two-dimensional representation of the CAD model of the mandible
with implant

Dimensions of abutment for platform-switched implants
1. Tri-channel implant: 3.5 x5 mm

2. Conical implants: 3.6 x5 mm

3. Internal hex connection: 3.8 x 6 mm

Dimensions of abutments for non-platform-switched
implants
1. Tri-channel implant: 4.3 x5 mm
2. Conical implants: 4.3 x5 mm
3. Internal hex connection: 4.2 x 6 mm

A total of 6 models were generated as follows:

Model 1: A platform-matched dental implant with tri-
channel IAC (Figure 2a)

Model 2: A platform-matched dental implant with
conical IAC (Figure 2b)

Model 3: A platform-matched dental implant with
internal hex IAC (Figure 2c)

Model 4: A platform-switched dental implant with tri-
channel IAC (Figure 2d)

Model 5: A platform-switched dental implant with
conical IAC (Figure 2e)

Model 6: A platform-switched dental implant with
internal hex IAC (Figure 2f).

Mesh creation

Analysis of Systems (ANSYS) R15.0 software was used
to mesh the models. The meshes of the implants and
mandible models were created separately, and the separate
meshes were combined to form six models with implants
and the mandible. Tables 1, 2, and 3 present the total
number of nodes and elements in structures.

Specifying material properties

Table 4 shows the attributes of the various materials used in

the analysis.'*" In terms of the mechanical characteristics

of the simulated structures, the program made numerous
assumptions.

1. Homogeneity: The mechanical characteristics of a
material are assumed to be consistent throughout the
structure.

2. Isotropy: Material characteristics are uniform in all
directions.

3. Linear elasticity: The structure’s deformation or strain
is proportional to the applied force and independent
of the strain rate.

Bone-implant interface conditions

A continuous contact between bone and implant was
assumed throughout the entire surface, resulting in no
relative motion between the bone and implant under
stress. The implant was assumed to be completely
osseointegrated.

Load application

For load application, three clinical scenarios were taken
into consideration.**

1. Axial loads of 100-N magnitude were applied, which
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were directed downwards parallel to the long axis of

the implant.
2. Non-axial loads of 100-N magnitude were applied at

an angle of 30° from the long axis of the implant.
3. Combined load of 100-N magnitude, which included
axial and non-axial loads.

Finite element analysis
The processor of the FE software assessed these models,

following which the post-processor displayed the results

Table 1. Total number of nodes and elements in structures

in the form of different color plots. Each color band
denoted a different range of stress levels. The maximum
von Mises stress was indicated in red, while the least was
represented by blue. In the increasing sequence of stress
distribution, the intermediate values were demarcated by
bluish-green, green, yellow, and orange."

Results
The results were displayed in the form of equivalent von

Mises stress. The “equivalent stress of von Mises” is a value
that gives an effective absolute magnitude of stresses,
taking into consideration the principal stresses in three

dimensions.'

Structure Nodes Element

Cortical bone 33,260 12,007 The models were evaluated for stress at the crestal bone,

Cancellous bone 61242 37274 implant, and abutment screw using FEA. Tables 5, 6, and 7
present the stress values.

C 6897 3908 L .

rown The following inferences were obtained from the results:

Table 2. Total number of nodes and elements in platform-switched implants

Platform-switched implants

Conical implant Internal hex implant

Tri-channel implant
Total nodes 1,93,860 2,05,535 1,85,006
Total elements 1,03,875 1,09,222 93,635
Implant  Abutment  Abutment screw Implant  Abutment  Abutment screw Implant  Abutment  Abutment screw
Nodes 66,520 13,643 13,376 69,297 19,837 15,002 53,406 23,681 13,419
Element 38,866 4781 7539 40,561 6882 8590 30,848 7870 7576
Table 3. Total number of nodes and elements in non-platform-switched implants
Non-platform-switched implants
Tri-channel implant Conical implant Internal hex implant
Total nodes 1,91,679 1,98,454 1,85,879
Total elements 1,03,128 1,06,492 9,55,843
Implant  Abutment  Abutment screw Implant  Abutment  Abutment screw Implant ~ Abutment  Abutment screw
Nodes 66,117 11,558 13,376 68,496 14,124 15,002 57,907 18,944 15,002
Element 38,595 4116 7539 40,199 4817 8590 33,632 6119 8590
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Figure 2. (2a) Platform-matched tri-channel implant abutment connection model. (2b) Platform-matched conical implant-abutment connection model. (2c)
Platform-matched internal-hex implant-abutment connection model. (2d) Platform-switched tri-channel implant-abutment connection model. (2e) Platform-
switched conical implant-abutment connection model. (2f) Platform-switched internal-hex implant-abutment connection model
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a) On the crestal bone, the highest von Mises stresses
were noticed in the internal hex implant abutment
system, followed by the tri-channel implant abutment
system and conical implant abutment system in
platform-switched and  non-platform-switched
configurations (Figure 3a, Figure 4).

b) On the implant, the highest von Mises stresses were
observed in the internal hex implant abutment system,
followed by the tri-channel implant abutment system
and conical implant abutment system in the platform-
switched configuration (Figure 3b, Figure 5).

c) On the implant, the highest von Mises stresses were
observed in the internal hex implant abutment
system, followed by the conical implant abutment
system and the tri-channel implant abutment
system in the non-platform-switched configuration
(Figure 3c, Figure 6).

d) On the abutment screw, the highest von Mises stresses
were observed in the conical implant abutment
system, followed by the tri-channel implant abutment
system and internal-hex implant abutment system
in platform-switched and non-platform-switched
configurations (Figure 3d, Figure 7).

e) Compared to the non-platform-switched implants,
platform-switched implants had a more favorable
stress distribution on crestal bone (Figure 4).

f) In contrast, platform-switched implants had higher

Table 4. Specific materials properties

Materials Young’s modulus Poisson's ratio
Cortical bone 13,700 0.30
Cancellous bone 1370 0.30
Titanium implant 110,000 0.30
Crown 140000 0.28

Table 5. Effect of implant-abutment connection on the crestal bone

abutment and IAC stresses than non-platform-
switched implants (Figure 7).

g) The von Mises stresses were higher for non-axial
loading compared to axial loading.

h) Similar stress levels were obtained in non-axial loads
and combined loads in all three connections.

Discussion

The IAC is a critical and strategic area for implant
longevity as it is responsible for biological and mechanical
complications.'® Therefore, the implant’s material qualities
and type of IAC must be considered for an implant
assembly to endure biting pressures in patients."”

Platform-switched connections can potentially prevent
marginal bone loss by moving the IAC horizontally
inwards.'® On histological evaluation of platform-switched
implants, Cochran et al' demonstrated that the implant-
abutment interface (micro-gap) is covered with connective
tissue. Clinical studies have also demonstrated that less
bone resorption occurs when a smaller diameter abutment
is used with the platform switching technique.?**'

Platform switching causes the inward shifting of the
inflammatory cell infiltrate away from the crestal bone,?
and increases the distance between IA] and the crestal
bone level. Systematic reviews by Atieh et al,?® Strietzel et
al,” and Gupta et al* stated that significantly less marginal
bone loss was seen with platform-switched implants,
concluding that platform switching helps preserve crestal
bone around implants.

Conducting in vivo trials to evaluate stress distribution
on implant-supported prostheses is difficult because the
dental implant components and the bone have exceedingly
complicated geometry. Hence, FEA studies are carried out
as they can replicate potential clinical situations.

The normal biting force varies between 20 and 120

Tri-channel connection

Conical connection Internal hex connection

Axial load Non-axial Combined Axial load Non-axial Combined Axial load Non-axial Combined
load load load load load load
Platform switched abutments 45 130 190 30 100 110 56 260 370
Non-platform-switched abutments 55 165 220 35 120 160 59 200 250

Table 6. Effect of implant-abutment connection on the implant

Tri-channel connection

Conical connection Internal hex connection

. Non-axial Combined . Non-axial Combined . Non-axial Combined
Axial load Axial load Axial load
load load load load load load
Platform-switched abutments 68 250 310 45 250 200 90 340 420
Non-platform-switched abutments 30 138 160 45 170 210 100 400 450

Table 7. Effect of implant-abutment connection on the abutment screw

Tri-channel connection

Conical connection Internal hex connection

. Non-axial Combined . Non-axial Combined . Non-axial Combined
Axial load Axial load Axial load
load load load load load load
Platform-switched abutments 8 34.5 40 8 33 40 5.6 23 27
Non-platform-switched abutments 4.1 17 18 4.2 17 19 4.3 17.5 20
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Figure 3. (3a) Stress at the crestal bone in platform-switched internal-hex implant on combined loading. Stress at the crestal bone in the platform-switched
tri-channel implant on combined loading. Stress at the crestal bone in the platform-switched conical implant on combined loading. (3b) Stress on the implant
in the platform-switched internal-hex implant on combined loading. Stress on the implant in the platform-switched tri-channel implant on combined loading.
Stress on the implant in the platform-switched conical implant on combined loading. (3¢) Stress on the implant in the non-platform-switched internal-hex
implant on combined loading. Stress on the implant in the non-platform-switched conical implant on combined loading. Stress on the implant in non-platform-
switched tri-channel implant combined loading. (3d) Stress on the abutment screw in the platform-switched conical implant on combined loading. Stress on the
abutment screw in the platform-switched tri-channel implant on combined loading. Stress on the abutment in the platform-switched internal-hex implant on

combined loading

N2; thus, in our study, we used a static load of 100 N to
simulate occlusal loading.”?* The masticatory forces are
oblique, with axial and lateral force components. Hence,
in our study, we considered loads in three directions: axial,
non-axial (at an angle of 30°), and combined load.

Effect of IAC on the crestal bone

The results of the present study showed that the highest
von Misses stresses in platform-switched implants were in
internal hex connection, i.e., 370 MPa, followed by the tri-

channel connection, i.e., 190 MPa, followed by the conical
connection, i.e., 110 MPa. Similarly, in the non-platform-
switched implants, the maximum von Misses stresses were
seen in the internal hex connection, i.e., 250 MPa, followed
by the tri-channel connection, i.e., 220 MPa, followed by
the conical connection, i.e., 160 MPa. Our findings were
consistent with those of Quaresma et al* and Saidin et al.*

Effect of IAC on the Implant
In the present study, the highest von Misses stresses in
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Figure 4. Effect of platform switching in three implant-abutment connections
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Figure 5. Effect of implant-abutment connection in platform-switched
implants on the implant

platform-switched implants were observed in the internal
hex connection, i.e., 420 MPa, followed by the tri-channel
connection, i.e., 310 MPa and conical connection with
stress levels of 250 MPa. In the non-platform-switched
implants, the highest stress was seen in the internal hex
IAC, i.e., 450 MPa, followed by the conical connection,
ie., 210 MPa, followed by the tri-channel connection
with stress levels of 160 MPa, which is consistent with the
results of Quaresma et al* and Saidin et al.**

Kharsan et al” reported that the stress levels were
highest in the tri-channel IAC, followed by the conical-
hex morse taper implant-abutment connection. These
changes may be attributed to the changes in the nature of
the forces used.

Our analysis also found that the highest von Mises
stresses were centered in the neck section of the implant-
abutment complex in all connections, consistent with
studies by Takahashi et al’’ and Akga et al** (Figure 3b).

Effect on abutment screws

In the present study, maximum von Misses stresses
were detected at the center and the top of the abutment
screw in all three connections (Figure 8a). Contradictory
results were seen in a study by Takahashi et al,*’ where
the maximum stress concentration was observed at the
bottom of the screw., possibly due to the difference in the
design of the screw.

Effect of platform switching
Our results showed that platform-switched implants
exerted less stress on the crestal bone than the platform-

Effect on implant - NPS

450
500
400
300 5
16|
200 138
100 30
0
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Figure 6. Effect of implant-abutment connection in non-platform switched
implants on the implant
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Figure 7. Effect of platform switching in three implant abutment connections
on the abutment screw

matched implants, except for the internal hex implant,
which demonstrated higher values in platform-switched
implants when combined loads were applied. The results
of the present study are consistent with studies by Chang
et al,> Cimen et al,” and Schrotenboer et al.**

In platform-switched implants, the stresses on the
alveolar bone were accumulated only in the area adjacent
to the implant (Figure 8b). In contrast, in non-platform-
switched implants, the stresses were dissipated over a
larger area (Figure 8c).

For the implant, a decrease in stresses was observed
from the implant platform towards the apex in platform-
matched models (Figure 8b), and platform-switched
implants showed consistent stress levels throughout the
implant fixture (Figure 8c). In the present study, the IAC,
the abutment, and the abutment screw showed higher
stresses in platform-switched implants than the non-
platform-switched implants, consistent with Cimen et al.*®

Effects of loading directions

Vertical masticatory loads produce axial and non-axial
forces that affect stress in the implant and bone.” The
highest von Mises stresses were seen in the combined
direction, followed by the non-axial direction, and the
least stresses were seen in the forces exerted in the axial
direction (Tables 5, 6, and 7). However, all models had
comparable stress distribution patterns when subjected
to axial loading. These results are consistent with
studies by Chun et al.** A higher stress during oblique
loading was predicted because the lateral forces during
occlusion cause a bending moment within the prosthesis,
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Figure 8. (8a) Stress on the abutment screw in the platform-switched internal-hex implant on non-axial loading. (8b) Stress at the crestal bone in the platform-
switched tri-channel implant on axial loading. (8c) Stress at the crestal bone in the non-platform-switched tri-channel implant on axial loading
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Figure 9. (9a) Stress on the implant in the platform-switched tri-channel implant on non-axial loading. (9b) Stress on the implant in platform-switched tri-channel

implant on axial loading

prosthetic components, and supporting implants.*
Moreover, oblique loading causes changes in several stress
concentration locations in implants. Higher stresses were
also found to be localized in the apical area of the implant
cylinders and abutments in non-axial-loaded models
(Figure 9a) compared to the location in axially loaded
models (Figure 9b), consistent with Takahashi et al.*

Although the FEA is an accurate and exact tool
for structural analysis, the current study has several
shortcomings. It should be noted that the present
simulations made various assumptions: (1) Although the
implant was presumed to be completely osseointegrated,
this may not be the case under clinical situations. (2) The
cortical and the cancellous bone were considered linearly
elastic, although a nonlinear assumption could be more
suited for the jawbone simulation. (3) The static loads used
in the study differ from the dynamic loading encountered
during function.

The IA] is of primary importance to consider while
selecting an implant system. Making the correct decisions
on the TAC can enhance esthetics and longevity and
provide for a structurally secure joint.

Conclusion

The implant abutment connection interface is a key
feature in choosing an implant system. Making the correct
decisions on the implant abutment connection interface
can improve esthetics and longevity and provide for a
structurally secure joint. This study’s findings indicated
that implants with conical IAC with platform-switching
configuration have more favorable stress distribution
around the implant-abutment interface compared to

other implant-abutment systems.

On the crestal bone, the maximum von Mises stresses
wereobserved in the internal hex implant abutment system,
followed by the tri-channel implant abutment system and
conical implant abutment system. On the implant and
abutment screw, the maximum von Mises stresses were
observed in the internal hex implant abutment system,
followed by the conical implant abutment system and
tri-channel implant abutment system. Platform-switched
implants have more favorable stress distribution on crestal
bone than non-platform-switched implants. However,
further clinical research is suggested to establish it as a
reliable method for implant selection.
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