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KEYWORDS Abstract Background/purpose: Implant-supported cantilevers crowns (ISCCs) can be a viable

Biomechanical alternative to avoid surgical adjunctive procedures when replacing missing teeth. The
performance; connector position placing (CPP) is crucial and can be adjusted to optimize the biomechanics

Cement thickness; which important to decision for long term success of treatment. The aim of this study was to

Connector position investigate the biomechanical performance of ISCCs with different CPPs design, cement thick-
placing; ness and load directions.

Finite element Materials and methods: Three-dimensional finite element clinical simulating models of ISCCs
analysis; in posterior mandible were fabricated. Twelve clinical simulating models consisted of three

Implant supported CPPs, two cement thickness (30 and 60 microns) and two load directions (axial and oblique)
mesial cantilever were investigated. The finite element analysis was performed, and the stress of implant, pros-

thesis and periodontal ligament, strain of the bone, and displacement of teeth were recorded
and analyzed.

Results: All clinical simulating models, oblique loads can cause more significant biomechanical
performance compared to axial loads. The CPPs design significantly influences the biomechan-
ical performance of ISCCs. It found that the mesial CPP (MCPP) experienced lower levels of
bone strains compared to regular CPP (RCPP) and distal CPP (DCPP). The cement thickness
is generally considered to have a minor impact compared to other factors.
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Conclusion: In biomechanical point of view, the CPPs design influences the biomechanical per-
formance of ISCCs. The MCPP is considered biomechanically more advantageous especially in
terms of reducing strain on the surrounding bone. Clinicians should carefully consider this fac-
tor to ensure optimal biomechanical performance and minimize the risk of biomechanical com-

plications.

© 2026 Association for Dental Sciences of the Republic of China. Publishing services by Digital
Commons. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).

Introduction

In certain clinical situations, particularly for elderly pa-
tients, implant-supported cantilever crowns (ISCCs) can be
a viable alternative to avoid additional, potentially risky
surgical procedures. The ISCCs can offer a less invasive
treatment option, reducing the need for more complex
surgeries.” However, many biomechanical factors have
been found to influence the long term success of implant
treatment, including the prosthetic superstructure design,
as well as the occlusion type and masticatory forces of
patient.”* Numerous studies have shown that ISCCs can
induce excessive stress concentrations in the surrounding
bone.*” In clinical practices, mesial cantilevers are
generally preferred as they distribute forces more favor-
ably.® The optimal prosthesis design for a partial edentu-
lous can vary significantly based on individual needs.
Factors like aesthetics, comfort and ease of cleaning can all
influence the final prosthesis design.’ In ISCCs prosthesis,
the relationship of cantilever design and excessive occlusal-
loading force is still controversies. The biomechanics of
implant systems are crucial for the long-term success of
dental implant therapy.' Inappropriate loads applied to
cantilevers have also produced additional stresses leading
to surrounding bone loss and implant structure failure.""'?

In the ISCCs design, the connector, areas where
different parts of the cantilever and abutment are joined
which can be positioned mesially (towards the front) or
distally (towards the back). The connector position placing
(CPPs) is crucial and can be adjusted to optimize the
biomechanics. This is because the connector position af-
fects the distribution of forces and the necessary space for
the prosthesis. In clinical practice, ISCCs replacing a 1%
molar and 2" premolar can be a viable connector position
placing, particularly when the connector is placed more
mesially or distally relative to the 2" premolar width, it
necessitates a wider or narrower 1°* molar to accommodate
the prosthesis. Theoretically, geometric discontinuities like
connectors can cause stress concentrations. These features
disrupt the smooth flow of stress, leading to localized stress
intensification, which can weaken structures and poten-
tially lead to failure.”> Changing the CPPs can alter
biomechanical performance of ISCCs system. Therefore,
CPPs may important to decision for overall success of the
implant therapy. According to the type of retention
method, cement retained techniques are mostly used
because of their benefits of improved aesthetics, passive
fit, and simple procedure.” Cement thicknesses widely

https://jds.ads.org.tw/journal/vol21/iss2/43

reported by different authors range from 20 to 40 mi-
crons.” Ceddia et al. reported that the optimal cement
thickness ranges between 40 and 60 microns.'® The aim of
the current study was to investigate the biomechanical
performance of ISCCs with different CPPs and cement
thickness under axial and oblique loading conditions,
analyzed by finite element analysis (FEA).

Materials and methods

Finite element model of the implant-supported
cantilever crown system

To create clinical simulating study models of ISCCs
(Fig. 1A), The 3-D models of mandibular bone and pros-
thesis (crown with cantilever) were created from scanned
data of an artificial dental study model. They were devel-
oped using Meshmixer software (Autodesk Inc., San Fran-
cisco, CA, USA). We assemble 3-D models incorporating the
implant, cement layer, abutment, prosthesis, adjacent
teeth with periodontal ligament (PDL) (2" molar and 1°t

A

X 1**Premolar
Cantilever

Crown
2" Molar
M —
/ﬁéemem layer I

Mandibular bone

Figure 1  (A) Clinical simulating study model of ISCCs system
and surrounding structure. (B) The 3-D models of clinical
simulating study model. PDL, periodontal ligament.
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premolar), and mandibular bone (Fig. 1B). This study is
taking a different CPPs, keeping the overall edentulous
space and cantilever length the same. The design of the
ISCCs prosthesis, specifically the mesio-distal dimension of
the connector between the 2" premolar (cantilever) and
1%t molar (crown), influences the width of the molar
needed. A mesial CPP (MCPP) leads to a wider molar, while
a distal CPP (DCPP) results in a narrower molar. For clinical
simulating study models, the mesio-distal width of a crown
can be varied by increasing or decreasing its width by 10 %
from regular CPP (RCPP) for distal and mesial designs
respectively. According to the clinical scenario of this
study, a partial edentulous spacing of a fixed length of
18.9876 mm which corresponded to mean values of 2™
mandibular premolar and 1% mandibular molar crown
widths.'”” This study compared the biomechanics with
different CPPs, while keeping the total cantilever length at
12.9274 mm (Fig. 2A). This could involve the regular

A

Edentulous space
18.9876 mm

! Cantilever arm length!

129274 mm

! 6.2565 mm

Connector

‘

Connector:

7.4139 mm

B B R E A

' 85713 mm

Figure 2

Increase 10% of regular mesio-distal
i dimension of abutment width (MCPP)

i ‘Regular mesio-distal dimension
i of abutment width (RCPP)

position (RCPP) and moving the connector closer to (DCPP)
or further away from (MCPP) the implant. Twelve clinical
simulating models consisted of three CPPs (RCPP, MCPP,
DCPP), two cement thicknesses (30, and 60 microns) and
two load directions (axial and oblique) were investigated
(Table 1). These models were used in FEA to simulate how
the ISCCs systems and surrounding structures respond to
forces in a simulated clinical scenario. The FEA models
were created using Patran mesh generation software (MSC
Software Corporation, Newport Beach, CA, USA) (Fig. 2B).
The mechanical property in this study assumed linearly
elastic and isotropic as shown in Table 2.'8°%

Loading conditions
The applied load was 37 % of the maximum bite force as

shown in Table 3.2%%> The axial and oblique load were
applied on the center of occlusal surface. The load

B

Decrease 10% of regular mesio-distal
dimension of abutment width (DCPP)

(A) Buccal aspect of MCPP, RCPP and DCPP of ISCC systems. (B) Mesh of clinical simulating study models for FEA. DCPP,

distal connector position placing; MCPP, mesial connector position placing; mm, millimeter; RCPP, regular connector position

placing.
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1036



Journal of Dental Sciences, Vol. 21 [2026], Iss. 2, Art. 43
Journal of Dental Sciences 21 (2026) 1034—1043

Table 1  Clinical simulating study models of ISCCs.
Clinical simulating Connector Cement Load
study models position thickness direction
(microns)
RCPP-30-A Regular 30 Axial
RCPP-30-0 Regular 30 Oblique
RCPP-60-A Regular 60 Axial
RCPP-60-0 Regular 60 Oblique
MCPP-30-A Mesial 30 Axial
MCPP-30-0 Mesial 30 Oblique
MCPP-60-A Mesial 60 Axial
MCPP-60-0 Mesial 60 Oblique
DCPP-30-A Distal 30 Axial
DCPP-30-0 Distal 30 Oblique
DCPP-60-A Distal 60 Axial
DCPP-60-0 Distal 60 Oblique

DCPP-30-A, distal connector position placing with cement
thickness 30 microns and axial load; DCPP-30-O, distal
connector position placing with cement thickness 30 microns
and oblique load; DCPP-60-A, distal connector position placing
with cement thickness 60 microns and axial load; DCPP-60-O,
distal connector position placing with cement thickness 60 mi-
crons and oblique load; MCPP-30-A, mesial connector position
placing with cement thickness 30 microns and axial load; MCPP-
30-0, mesial connector position placing with cement thickness
30 microns and oblique load; MCPP-60-A, mesial connector po-
sition placing with cement thickness 60 microns and axial load;
MCPP-60-O, mesial connector position placing with cement
thickness 60 microns and oblique load; RCPP-30-A, regular
connector position placing with cement thickness 30 microns
and axial load; RCPP-30-0, regular connector position placing
with cement thickness 30 microns and oblique load; RCPP-60-A,
regular connector position placing with cement thickness 60
microns and axial load; RCPP-60-0O, regular connector position
placing with cement thickness 60 microns and oblique load.

Table 2 Mechanical properties of material.'® 2

Materials Young’s Poisson’s
modulus ratio
(MPa)
Natural tooth 19,600 0.3
Zirconia 210,000 0.3
Resin cement 8,300 0.35
Titanium alloy 110,000 0.28
PDL 50 0.49
Cortical bone 13,700 0.3
Cancellous 1,370 0.3
bone

MPa, mega Pascal; PDL, periodontal ligament.

direction was from the lingual side to buccal side as shown
in Fig. 3. Al finite element analyses were performed in
Marc Mentat software (MSC Software Corporation, Newport
Beach, CA, USA). The element type used in the analysis was
a four-noded tetrahedral, with the number of elements

https://jds.ads.org.tw/journal/vol21/iss2/43

Table 3 Load used in each tooth, cantilever, and
crown.?*%
Tooth and prosthetic Axial load Oblique load
components (N) (N)
1°* premolar 85.41 85.41
2" premolar (cantilever) 98.09 98.09
1% molar (crown on 105.09 105.09
implant abutment)
2" molar 100.63 100.63
N, Newton.
Axial
load
Oblique
load
Figure 3  Axial and oblique load directions applied on the

center of occlusal surface.

ranging from 1,433,584 to 1,454,053 depending on the
model components. The convergence tested showed that
von Mises stress in the implant converge when the number
of elements reach 1,400,000 as shown in Fig. 4.

Results

The principal stress of prosthesis and von Mises
stress of implant

According to the CPPs design, the result of this study
demonstrated that the DCPPs of axial loads of both cement
thickness models (DCPP-30-A and DCPP-60-A) were cause
approximately three times more than the maximum prin-
cipal stress of prosthesis of the MCPPs and the RCPP in the
set of models which the same cement thickness (DCPP-30-A
with MCPP-30-A and RCPP-30-A, DCPP-60-A with MCPP-60-A
and RCPP-60-A) (Table 4). The highest principal stress was
DCPP-30-A. When considering the cement thickness, the
result of this study showed that the different cement
thicknesses had no significant impact on the stress experi-
enced by the prosthesis under both axial and oblique
loading. In all clinical simulating models, stress tends to
concentrate at connectors. This stress concentration can
lead to higher stress values compared to other parts of the

1037



Toranathumkul et al.: The influence of the connector position placing, cement thickness
B. Toranathumkul, E. Chaichanasiri and S. Inglam

60
& 30 S
=
Z s T~ W mmmmeesemceceeese————————— ™
Z
= 40
35
30
450000 550000 650000 750000 850000 950000 1050000 1150000 1250000 1350000 1450000

Number of elements

Figure 4 Convergence test of the von Mises stress in the implant. MPa, mega Pascal.

Table 4 Maximum principal stress in prosthesis and
maximum microstrains in surrounding bone.

Clinical Maximum principle Maximum
simulating  stress in prosthesis microstrains in
models (MPa) surrounding bone
RCPP-30-A  68.23 1505.31
RCPP-30-O  140.93 6047.4
RCPP-60-A  66.51 1493.11
RCPP-60-O  125.21 6059.49
MCPP-30-A  64.83 1556.53
MCPP-30-O0  122.95 5536.92
MCPP-60-A  59.75 1551.85
MCPP-60-O  111.1 5535.57
DCPP-30-A  181.80 1322.34
DCPP-30-O  95.15 6135.24
DCPP-60-A  167.19 1321.54
DCPP-60-O  90.24 6147.74

DCPP-30-A, distal connector position placing with cement
thickness 30 microns and axial load; DCPP-30-O, distal
connector position placing with cement thickness 30 microns
and oblique load; DCPP-60-A, distal connector position placing
with cement thickness 60 microns and axial load; DCPP-60-0,
distal connector position placing with cement thickness 60 mi-
crons and oblique load; MCPP-30-A, mesial connector position
placing with cement thickness 30 microns and axial load; MCPP-
30-0, mesial connector position placing with cement thickness
30 microns and oblique load; MCPP-60-A, mesial connector po-
sition placing with cement thickness 60 microns and axial load;
MCPP-60-O, mesial connector position placing with cement
thickness 60 microns and oblique load; MPa, mega Pascal; RCPP-
30-A, regular connector position placing with cement thickness
30 microns and axial load; RCPP-30-0, regular connector posi-
tion placing with cement thickness 30 microns and oblique load;
RCPP-60-A, regular connector position placing with cement
thickness 60 microns and axial load; RCPP-60-O, regular
connector position placing with cement thickness 60 microns
and oblique load.

Published by Journal of Dental Sciences, 2026
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prosthesis (Fig. 5A). Considering stress on implant, the
result indicated that the higher stress concentration
located on cervical region of all simulating models. Under
axial loading, the stress was predominantly directed to-
wards the mesial side of the implant. However, oblique
loading resulted in increased stress on the buccal side
(Fig. 5B).

The microstrains in surrounding bone

A DCPP resulted in lower levels of microstrains compared to
other designs under axial load while an MCPP resulted in
lower levels of microstrains compared to other designs
under oblique load (Table 4). Considering strain distribution
pattern, in all simulating models, the high strain for axial
load occurred on marginal of the surrounding bone. When
subjected to oblique load, the highest strain shifted to the
buccal site of the marginal bone. Some of strain distribution
pattern were shown in Fig. 6.

The displacement of teeth and von Mises stress of
periodontal ligament

The study indicates that teeth adjacent to ISCCs experience
displacement when subjected to loads, with the 1°* pre-
molar exhibiting greater displacement than the 2" molar.
Furthermore, oblique loads cause more displacement than
axial loads in both adjacent teeth (Fig. 7). Considering the
affected to PDL, the 1% premolar PDL also experiences
higher von Mises stress compared to the 2" molar PDL
under both load directions, and oblique loads tend to
generate greater maximum von Mises stress within the PDL.
However, the von Mises stress distribution pattern
remained consistent across all teeth (Figs. 7 and 8).

Discussion

In some clinical situations, ISCCs can minimize the need of
multiple surgical for additional procedures. These options
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DCPP-60-O

DCPP-60-A

DCPP-60-O

Figure 5

9 &) &

DCPP-60-A

«s

RCPP-60-A

RCPP-60-O

RCPP-60-A MCPP-60-A

RCPP-60-O

MCPP-60-O

Distal
Lingual

MCPP-60-A

Buccal .
Mesial

MCPP-60-O

(A) Principal stress distribution pattern of prosthesis of axial and oblique load. (B) Von Mises stress distribution pattern

of implant. DCPP-60-A, distal connector position placing with cement thickness 60 microns and axial load; DCPP-60-0, distal
connector position placing with cement thickness 60 microns and oblique load; MCPP-60-A, mesial connector position placing with
cement thickness 60 microns and axial load; MCPP-60-O, mesial connector position placing with cement thickness 60 microns and
oblique load; MPa, mega Pascal; RCPP-60-A, regular connector position placing with cement thickness 60 microns and axial load;
RCPP-60-0, regular connector position placing with cement thickness 60 microns and oblique load.

are widely used in prosthetic rehabilitation, which involves
replacing missing teeth with prostheses to restore function,
aesthetics, and oral health." For successful ISCCs, careful
consideration of biomechanical factors is essential.’® *°
These factors include the prosthesis design, cement thick-
ness, and load direction, which all influence the long-term
success of the treatment.'>" Analyzing the biomechanical
performance of the chosen design of this study is crucial for
predicting its long-term stability and preventing potential
complications. Investigating of the biomechanical perfor-
mance involves evaluating how the prosthetic components,
surrounding bone, PDL of adjacent teeth will respond to
various influencing factors. This can be done using finite

https://jds.ads.org.tw/journal/vol21/iss2/43
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element method to simulate and identify potential strength
and weaknesses in the clinical scenarios.?'*?

The result showed load direction had a major effect on
the biomechanical performance of ISCCs. For the stress
distribution pattern of prosthesis, oblique loads tend to
concentrate stress at the connectors more than axial loads.
This is a common finding in finite element analysis studies
of implant-supported prostheses.?? The oblique load cre-
ates a bending and twisting moment, which is a rotational
force leads to higher stress concentrations at the point of
the connector because it’s trying to twist the prosthesis.
This concentration is due to the abrupt changes in geome-
try at this location, which can lead to higher stress values
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Microstrain
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RCPP-60-O
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Figure 6 The strain distribution pattern in surrounding bone. DCPP-60-A, distal connector position placing with cement thickness
60 microns and axial load; DCPP-60-0, distal connector position placing with cement thickness 60 microns and oblique load; MCPP-
60-A, mesial connector position placing with cement thickness 60 microns and axial load; MCPP-60-O, mesial connector position
placing with cement thickness 60 microns and oblique load; RCPP-60-A, regular connector position placing with cement thickness
60 microns and axial load; RCPP-60-0, regular connector position placing with cement thickness 60 microns and oblique load.
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Figure 7 Maximum displacement of teeth and maximum von Mises stress of PDL. DCPP-30-A, distal connector position placing
with cement thickness 30 microns and axial load; DCPP-30-0, distal connector position placing with cement thickness 30 microns
and oblique load; DCPP-60-A, distal connector position placing with cement thickness 60 microns and axial load; DCPP-60-0, distal
connector position placing with cement thickness 60 microns and oblique load; Max, maximum; MCPP-30-A, mesial connector
position placing with cement thickness 30 microns and axial load; MCPP-30-O, mesial connector position placing with cement
thickness 30 microns and oblique load; MCPP-60-A, mesial connector position placing with cement thickness 60 microns and axial
load; MCPP-60-O, mesial connector position placing with cement thickness 60 microns and oblique load; MPa, mega Pascal; PDL,
periodontal ligament; RCPP-30-A, regular connector position placing with cement thickness 30 microns and axial load; RCPP-30-0,
regular connector position placing with cement thickness 30 microns and oblique load; RCPP-60-A, regular connector position
placing with cement thickness 60 microns and axial load; RCPP-60-0, regular connector position placing with cement thickness 60
microns and oblique load.

than in other parts of the prosthesis. The analysis of stress
distribution patterns in the implants revealed that higher
stress concentrations are primarily located in the cervical
region across all clinical models. These findings aligned
with previous research which suggest that the cervical area
is a critical region, and the load direction significantly in-
fluences stress distribution. Structures with stress concen-
trations are more susceptible to damage from external
forces.>® The results of this study associated with previous
research, it indicated that clinicians often consider the
direction of occlusal forces when planning ISCCs to mini-
mize stress and optimize long-term success.>?

Published by Journal of Dental Sciences, 2026

Excessive occlusal forces, particularly when coupled
with cantilever designs in dental implants, can lead to
increased stress and bending moments, potentially
compromising the long-term success of the implant.>**°
The resulting of leverage force might cause the high con-
centration of stress in the implant system and surrounding
bone.® Therefore, optimal prosthetic design should strive to
minimize stress on the implant and surrounding bone while
also considering the patient’s functional and aesthetic
needs. The biomechanics of ISCCs involve understanding
how loads are distributed, especially when a part of the
prosthesis extends beyond the supporting implants (which
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DCPP-60-A RCPP-60-A MCPP-60-A 74
Mesial
i i i Buccal
DCPP-60-O RCPP-60-O MCPP-60-O

Figure 8 Von Mises stress distribution pattern in PDL. DCPP-60-A, distal connector position placing with cement thickness 60
microns and axial load; DCPP-60-0O, distal connector position placing with cement thickness 60 microns and oblique load; MCPP-60-
A, mesial connector position placing with cement thickness 60 microns and axial load; MCPP-60-O, mesial connector position
placing with cement thickness 60 microns and oblique load; MPa, mega Pascal; RCPP-60-A, regular connector position placing with
cement thickness 60 microns and axial load; RCPP-60-0O, regular connector position placing with cement thickness 60 microns and

oblique load.

behave like a class | lever), is essential for minimizing stress
and preventing bone loss or implant failure.*®

Previous study usually finding the influence of cantilever
arm length on the biomechanical performance.?®>” In this
study, the cantilever arm length was kept constant. The
objective was to investigate the effects of force direction
and connector design at various positions along the canti-
lever arm. The presence of a connector acts as an addi-
tional minor fulcrum at positions between the mesial end of
the cantilever and the original fulcrum (the center of
implant). The results of this study demonstrated that the
CPPs design influenced the biomechanical performance of
ISCCs. The result demonstrated that under axial load con-
dition, DCPP exhibited better biomechanical performance
than RCPP and MCPP in the term of surrounding bone
strains. This is because an axial load primarily induces
bending movement; a connector located closer to the
implant results in a shorter distance between the original
fulcrum and the new one as in DCPP, leading to reduced
bending movement. Consequently, this results in better
biomechanical performance than RCPP and MCPP, whose
connectors are positioned farther from the implant,
respectively. However, under axial load, the maximum
microstrain values in the surrounding bone of all connector
positions models (RCPP, MCPP and DCPP) did not exceed the
bone resorption threshold of 4,000 microstrains, as stated
in Frost’s mechanostat.*®

Clinically, masticatory forces are rarely purely axial
because normal chewing involves a combination of muscle
actions that create a chewing cycle. Therefore, the oblique
loading is the predominant direction of force during
chewing. The study revealed under oblique loading, models
with the connector positioned more mesially (MCPP)
demonstrated improved biomechanical performance
compared to RCPP and DCPP. This is because when they are
oblique, they create significant bending and torsional
forces on the prosthesis. These oblique forces tend to
concentrate stress around the implant’s neck and at the
bone-implant interface. Placing a connector more mesially

https://jds.ads.org.tw/journal/vol21/iss2/43
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under oblique loading can improve biomechanical perfor-
mance by helping to counteract the bending and torsional
forces that occur with oblique forces.? This is because it
can help to more favorably distribute stress away from the
implant’s neck area, which is a common point of high stress
concentration under oblique loading, and toward the bone,
which can bear the stress more effectively.

The current study’s findings aligned with other research
indicating that cement thickness has a less significant
impact on biomechanical performance of ISCCs compared
to other factors.'"?3> Although the biomechanical per-
formance of ISCCs is influenced by several factors, but
cement thickness is generally considered to have a minor
impact compared to other variables. In this study, the
initial cement thickness was chosen at 30 microns instead
of 20 microns as suggested by Squier et al."® because of the
need for balancing the clinical benefits of thin cement
layers for better restoration fit with the stress-absorbing
potential of thicker layers. While thinner layers are good
for fit, thicker layers can absorb more stress, which may be
beneficial for the implant—bone interface. This indicate
that a slightly thicker space, up to 60 microns, may be
optimal for reducing stress in some implant situations.'®
Another study suggested 25—35 microns for optimal bond
strength.*® Therefore this study was chosen the cement
thickness range from 30 to 60 microns for clinical simulating
study models. While cement thickness does play a role in
the overall fit and seal of the restoration, its effect on
biomechanics less significant than factors like load di-
rections and CPPs.Therefore, clinicians should prioritize
these more influential factors when designing prosthetic
components to ensure long-term stability and success.

This study differed from the previous studies in the
simulated PDL to analyze the biomechanical performance
of ISCCs. The PDL is a soft tissue that suspends the tooth
within the alveolar bone and absorb the stress. While the
PDL is flexible, it has a limited capacity for displacement.
The maximum displacement of a tooth within the PDL is
typically in the range of 73.8 microns.***"*? Displacement
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is influenced by factors such as the force applied, individual
tooth and bone characteristics. The result of this study
indicates that the 1°* premolar showed more displacement
than the 2" molar under the same loading conditions. This
suggests that the 1°* premolar might be more susceptible to
displacement due to its structural characteristics (e.g.,
root length, root shape, bone density) or its position within
the simulated jaw. Considering load direction, the oblique
load produced greater displacement than the axial load.
This is likely because oblique forces can generate rotational
and shear forces within the tooth and surrounding struc-
tures, leading to increased displacement. The findings were
based on clinical simulating model, which implies the use of
FEA. These models were used to simulate the behavior of
teeth and surrounding tissues under various loading condi-
tions. Furthermore, more clinical studies are necessary to
determine the biomechanical performance by this type of
prosthesis, to produce a more complete analysis of the
longevity of rehabilitations with ISCCs.

Although the FEA is widely used in biomechanical
investigation of dental implant but it has some limitation
include simplified assumptions about perfect osseointe-
gration and FEA models often assume bone as isotropic and
homogenous. The FEA often simplify chewing and other
dynamic forces to static. Therefore, the clinical application
must be considering and clinical study should be in further
study for validation.

However, in biomechanical point of view and limitation
of this study, it can be concluded that ISCCs in the posterior
mandible is a viable treatment option. The CPPs design on
the prosthesis of implant supported crown and load di-
rections has a biomechanical impact. Clinicians should
carefully consider when designing CPPs on prosthesis
design. The load direction is a combination factors which
emphasize in biomechanical consideration. In cases of
oblique loading which represents the predominant direc-
tion of normal masticatory forces, placing the connector
position mesially can help biomechanical performance
more favorably.
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