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Biomechanical comparison of 3D Finite Elements between umbrella type
dental implants and conventional type dental implants, and their stability
difference in animal experiment
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Problems during tooth implantation include failure of initial fixation, loss of alveolar bone, and peri-implantitis. Various methods
have been proposed to solve these problems, including changing the structure of the implant neck of dental implants (¢=3.3 mm,
L=10 mm, Neobiotech co. Seoul Korea). We formed an umbrella type structure in the implant neck with the dimension of 0.1 mm,
0.3 mm, 0.5 mm, 0.7 mm, 1.0 mm, investigated its biomechanical significance, and also examined if it would be practically helpful
in osteogenesis in vivo. For the experiments, we made a finite element model with reference to CT images of patients, in order to
compare forces applied to the actual alveolar bone. We produced a model tilted by 10°, similar to actual implants in the mouth, to
which we applied 300 Ncm vertical forces in the mouth, and this force divided into vertical force, lateral force, and oblique force.
For each of these, we measured principal stress, equivalent stress, lateral displacement, and vertical displacement. For the animal ex-
periment, an implant (Neo-biotech, Korea) with dimensions of 3.3 mm in diameter and 10 mm in length was used in rabbit tibia,
and for the experimental group, implants from the same manufacturer were modified with umbrella shapes at the top. The top parts
of the modified implants were placed 3 mm above from the superior aspect of the alveolar bone in implantation. Samples were col-
lected after 8 weeks to measure bone growth and removal torque. For the umbrella type implant, there was a decrease in stress
transfer of vertical force, lateral force, and oblique force to peri-implant bone as umbrella width increased, while lateral displace-
ment caused by lateral forces and settlement caused by vertical forces also decreased. In the animal experiment, the umbrella type
implant resulted in the formation of more alveolar bone, and had a higher removal torque. In conclusion, the umbrella type implant
was found to have superior biomechanical properties and osteogenesis. However, further studies are required to investigate whether
it is more effective compared to existing implants when it is used clinically. (THE JOURNAL OF KOREAN ACADEMY OF OSSEQINTE-
GRATION 2024;16(1):8-20)
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INTRODUCTION

Implants have been used for a long time to restore lost teeth,
and in arriving at their present state, they have undergone a vast
number of advances. However, when bone quality is poor, initial
fixation of implants may be unstable, leading to various problems
such as absence of osseointegration, or resorption of peri-implant
bone. In addition, unexpected problems are often experienced,
such as an implant penetrating the maxillary sinus during sur-
gery.

Moreover, complex occlusal forces are generated in the mouth
during maintenance of a dental prosthesis mounted on an im-
plant, which causes various problems including failure of the
prosthesis, implant fracture, and loss of peri-implant bone.

The differences between implants and natural teeth can clearly

be seen in the structure of periodontal tissues, which causes
changes in blood flow to peri-implant tissues, and in the differ-
ence in susceptibility to inflammation due to discrepancies in the
direction of gingival collagen fiber.

In addition, it has also been claimed that since implants are
unable to absorb occlusal forces, due to the absence of the peri-
odontal ligament that natural teeth have, excessive occlusal forces
are directly transmitted to peri-implant bone, resulting in resorp-
tion of the alveolar bone. Hence, there have been a number of ef-
forts to solve these problems. Jeong et al., reported that stability of
implants was differently affected by morphological changes to
the implants, surface finishing types, and forces occurring in the
mouth, such as mastication’.

Meanwhile, Park et al., performed experiments on resistance

to vertical displacement imposed on implants by forming a um-
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Figure 1. (A) CT Image of Implant by Left Direction (B) The Design of the new implant shape for decreasing deform; Umbrella Type (left), Conventional

Type (right).

brella type structure on the top of implant. Although it was just a
basic experiment without observation of the various forces, they
reported that the structure had a positive effect on dispersal of
forces to the implant. However, there have been no additional re-
sults.

The present authors modified the top part of the implant to an
umbrella type, making a form of implant that would minimize
forces transmitted to peri-implant alveolar bone and reduce dis-
placement of the alveolar bone by forces transmitted via the im-
plant. The resulting implants were subjected to analysis using 3D
finite element analysis (FEA), in which the peri-implant alveolar
bone was divided into cortical bone and cancellous bone.

On the other hand, in order to find out the response of the
newly designed implant in vivo, the implant was implanted into
the tibia of rabbits, and then fundamental experiments were con-
ducted to find out if it was practically helpful for osteogenesis

and also on improvement of osseointegration.

MATERIALS AND METHODS

1. Structure of the alveolar bone

Analysis of CT images show the implant as a structure (em-
bedded bar, implant) inserted into the alveolar bone (cortical
bone and cancellous bone). A characteristic of this structure is
that once force is loaded on the implant in the mouth, the stress
is transmitted to peri-implant alveolar bone. At this time, forces
inducing settlement into the alveolar bone are generated, along
with resistance to implant tilt, and stress is transmitted to peri-
implant bone due to the forces of resistance against these forces.

In Figure 1, lateral images of the mandible were obtained
through CT cross sectional images taken from an actual patient,
a 3D image was constructed based on the images, and then an
analysis was attempted. At this time, considering that it is rare
for an implant to actually be inserted vertically in the mouth,
implant was made in a tilted by 10° in the direction that occlu-
sal force is applied to the alveolar bone. In order to maintain a
consistent length, the model was constructed with a 10 mm-
long implant.

In Figure 1A, by observing cross-sections taken using a cone
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Implant without modification | A Type (1.0mm modification) | B Type (0.7mm modification)

C Type (0.5mm modification) | D Type (0.3mm modification) | E Type (0.1mm modification)

Figure 2. 3D Models of implants with 5 different modifications.
beam-CT, which is often used in dentistry, we made an FEA 2. Implant types

model from the images. The implants used in the experiments were conventional im-

plants from Neo-biotech and umbrella type implants, in which

The Journal of Korean Academy of Osseointegration 2024, 16(1) 8-20



the neck part of the conventional implants was modified. Values
used for FEA were selected with reference to the implant manu-
facturer’s design plans, and the surface of each implant used in
the animal experiment was treated with RBM.

Figure 1B shows the diagrams of the conventional type and
the umbrella type implant, in which the structure of the upper
part was modified to have little effect on the alveolar bone and
to reduce deformation (settlement and tilt) by forces.

The widths of umbrella protrusion for the umbrella type
were set at 1.0 mm, 0.7 mm, 0.5 mm, 0.3 mm, and 0.1 mm,
and then the ability to disperse forces resist displacement were
observed for each subtype.

In Figure 2, FEA using a 3D model was performed for the
conventional type and the umbrella types with varying umbrella
width. Helix pitch from the middle part to the bottom part of
each implant was 0.8 mm, whereas that of the upper part was 0.4
mm. In addition, protrusions were made on the top part of the
umbrella type implants, which functioned to cover the alveolar
bone positioned near the upper part of the implants, dispersing
transmitted force, preventing infection from outside, blocking
downward movement of soft tissues, and decreasing deforma-

tion of implants caused by masticatory force (Figure 2).

3. Finite Element Model

A finite element model was constructed based on CT images
taken from an actual patient, in which cortical bone and cancel-
lous bone were added, and an implant shape was inserted. The
shape of the alveolar bone was made by using coordinates ob-
tained from cone beam CT images, and extended models up to
10 mm in the z axis were made for convenience. The alveolar
bone surrounding the implants was constructed as a dense mesh
to increase the accuracy of analysis (Figure 3, 4).

Figure 3 shows the finite element models.

4. Comparison of material properties
Properties of materials to be applied for finite element analysis
were compared with reference to the literature, and these have

been summarized in Table 1.

5. Structure formation and load setting in the finite
element model
Lin et al., reported that the range of occlusal force in natural
teeth was 297N-669N, and the range of occlusal force after resto-
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Figure 3. 3D Finite Element Model using the Visual FEA,

ration by implant was 42N-412N (Lin et al., 2010), based on
which the present study set 300N as the standard load. Also 300N
of load was applied in the L2 direction which was defined as the
oblique load. This takes into account the fact that the implants in
the CT images taken to make the finite element model were tilted
by 10° and that it is generally difficult to perform perfectly verti-
cal implantation in implant surgery (Figure 5).

The loads to be applied in each direction were calculated as
below, in which the direction of the implant itself was set as the
vertical direction for force transfer and L2, corresponding to the
direction of occlusion, was used for the oblique load in the
mouth.

L2 : Oblique Load : 300 N

L1 : Vertical Load : 300 * cos(10°) = 2954 N

L3 : Horizontal Load : 300 * sin(10°) =521 N

6. Interpretation
The model was made using tetra and prism elements, the
number of nodes was 13236, and the number of elements was

62902. 3D solid structure and linear static analyses were used.

7. Animal study

An animal experiment was performed to investigate the in

The Journal of Korean Academy of Osseointegration 2024, 16(1) 8-20
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Figure 4. 3D Model demonstrating the new umbrella type implants and implant without change.

Table 1. Comparing mechanical properties of material

Material Young’s modulus Poisson ratio
Cortical bone 148 0.30
Cancellus bone 1.85 0.30
Titanium 110 0.32
Cobalt—chromium alloy 220 0.30

vivo response in terms of the effect of the umbrella part of the im-
plant on osteogenesis. 8 New Zealand white rabbits (2.5 kg) were
used in the experiment. Regions to be implanted on both tibias of
each rabbit were marked, followed by implantation. At this time,
the widths of the region for implantation were increased by 1
mm up to 4 mm in depth from the upper part of implants on
both sides, in order to measure osteogenesis (Figure 6).

Anesthesia was conducted by mixing Rompun and Zoletil in
aratio of 1:1 (0.5 cc each), and administering by intravenous injec-
tion. The implant with a 1 mm long umbrella (experimental
group) and the implant without modification (control group)
were inserted into the tibias of each rabbit.

Implants (Neo-biotech, Korea) with dimensions of 3.5 mm in

The Journal of Korean Academy of Osseointegration 2024, 16(1) 8-20

diameter and 8 mm in length were used as fixtures in the experi-
ment, and implants for the experimental group were made by the
same manufacturer with modifications. The rabbits were sacri-
ficed after 1 month, followed by biopsy to measure removal
torque and the degree of osteogenesis. Rabbits were sacrificed by
the method of mixing Rompun and Zolatil in the same ratio (0.5
cc each), followed by intravenous injection, and then air was in-
jected into the heart (Figure 7).

Removal torque was measured by using a torque tester from
Ostem, and during the biopsy, ground polished bone specimens
were made together with the implants together for biopsy, fol-
lowed by Villanueva stain and observation for the extent of os-

seointegration (Figure 8).

CONCLUSIONS

1. Umbrella type implant has better biomechanical characters
by force distribution
2. Animal study shows the umbrella type implant activate

more bone formation



Figure 5. Applied Load and Direction.

3. Umbrella type implant can be used clinically

ANALYSIS

1. Summary

Analysis was performed on 6 implant types, including the
umbrella types (Umbrella Type 1 - Umbrella Type 5) and the
conventional type, for the 3 kinds of loads on implants: vertical
load, horizontal load, and oblique load. In order to investigate de-
formation characteristics caused by occlusal forces, analysis was
performed on the vertical settlement pattern of implants (settle-
ment, Y displacement) and horizontal displacement, in terms of

implant tilt (Tilt, horizontal displacement/implant length).

2. Analysis of implant deformation

Analysis was performed on tilt of implants relative to the hori-
zontal force (Figure 9A, 9B, Table 2) and the extent of settlement
degree relative to the vertical load (Figure 10A, 10B).

Figure 9A shows the implant tilt due to horizontal forces, in
which the degree of tilt caused by the force on the implant was
calculated by the following equation.

&= [[fu_Lt] -u_[ib] 1/IH_Lip] 11

0 : tilt of implant

u_[lt] : horizontal displacement of upper part of implant

u_[(b]]: horizontal displacement of bottom part of implant
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Figure 6. Both side of distance between top of implant and the alveolar
crest (A) was measured. Bone gain ratio was calculated as (1-
(A/3.0))x 100.

(A)

(B)

Figure 7. (A) An implant implanted in tibia of rabbit. (B) Difference of
bone gaining pattern between control and experimental group.

The Journal of Korean Academy of Osseointegration 2024, 16(1) 8-20
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(A)

®)

21.75+6.84 N/cm 37 = 3.12 N/cm
Mann-whitney test (p=0.029)

Figure 8. (A) The distance between the alveolar crest to the implant top was 1264.2+633.0 ym in the umbrella type implant, It was 2319.8+635.8

um in control (p=0.002). (B) Removal torque,

H_[lip]l : implant height

Figure 9B is a graph showing horizontal displacement when a
horizontal force is applied to the implant, where the degree and
direction of displacement are displayed according to the position
from the top to the bottom of the implant. As umbrella length in-
creased, horizontal displacement by the same load decreased and
tilt became smaller, as shown in the figure.

The position for the axis of rotation in the conventional type
was higher, with more severe horizontal displacement, which
may cause more stress to be transmitted overall, not only to the
alveolar crest, but also to peri-implant bone tissue.

Table 2 shows tilt and displacement values of the bottom part
and the top part depending on implant type. The maximum dis-
placement and the maximum tilt were found in the conventional

type. In contrast, the minimum value was found in the 1.0 mm-
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long umbrella.

Figure 10A shows settlements by vertical load (settlement, Y
displacement). Loads applied to the implant increase stress on
cortical and cancellous bone, causing settlement. In the interpreta-
tion of 3D FEA, analysis of settlement makes it possibly to inves-
tigate how well an implant type adapt to human the alveolar
bone.

Figure 10B shows settlement depending on position of the al-
veolar bone for Umbrella Type 1 - Umbrella Type 5 and the con-
ventional type. As the implant approaches the conventional type,
the extent of settlement increases, demonstrating a large inhibi-
tory effect of the umbrella on settlement.

Table 3 shows the extent of settlement due to vertical load, in
which the conventional type resulted in the highest settlement,

and as umbrella length increased, settlement decreased.
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(A)

®)

Figure 9. (A) X displacement Contour Example. (B) Comparison of Horizontal (X) displacement versus Depth.

3. Stress on the alveolar bone (0_1]-0_[31 )+(o_1] -o_[31H]IN]
Figure 11A shows von Mises stress on the alveolar bone. The 0_lleq) <o_[la) : Safe
bone will broken at the point where stress intensity is equal to o_fleqll 20 _[la] : Fracture or Failure
this stress. Here, 0_[a]l : Allowable strength of applied subject
o_[leq) =o_[Von mises] =[ (0 0r201/ 0200 [(o_[1] -0_[30 )+ Figure 11B shows von Mises stresses calculated for cancellous

The Journal of Korean Academy of Osseointegration 2024, 16(1) 8-20
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Table 2. Tilts and Displacements of the new designed implants

Type of the new Shape of implants
ltems Conventional Type
Umbrella 1 Umbrella 2 Umbrella 3 Umbrella 4 Umbrella 5

Tilt 3.390E-04 3.709E-04 4 407E-04 4 957E-04 5.289E-04 5.776E-04
Displacement  Bottom 5.453E-04 6.378E-04 6.971E-04 7.157E-04 7.377E-04 7.842E-04

Top -2.845E-03 -3.071E-03 -3.710E-03 -4 241E-03 -4 551E-03 -4.992E-03

(A)

B)

Figure 10. (A) Settlement (Y displacement) by Vertical Load. (B) Comparison of Settlements (Y displacement) versus Distance.

bone and cortical bone, where stress on cortical bone was found
to be higher for Umbrella Types 1 and 2. In contrast, there was no
outstanding difference in the stress on cortical bone calculated for
Umbrella Type 3 - Umbrella Type 5, and the conventional type.

The Journal of Korean Academy of Osseointegration 2024, 16(1) 8-20

In addition, stress on cancellous bone was smaller for Um-
brella Type 1 - Umbrella Type 3, whereas stress was found to be
higher for Umbrella Types 4 and 5 and the conventional type.

The umbrella size was bigger in the umbrella type implants in



Table 3. Settlements of the new designed implants and Conventional Type

Ahn SY, et al: Biomechanics of umbrella implant 17

Type of the new designed implants

Items Conventional Type
Umbrella 1 Umbrella 2 Umbrella 3 Umbrella 4 Umbrella 5
Settlement (mm) 1.314E-02 1.348E-02 1.376E-02 1.406E-02 1.427E-02 1.534E-02
(A)
B)

Figure 11. (A) Concept of von Mises stress. (B) von Mises Stress (conventional type implants versus the new designed implants).

which the umbrellas directly contacted the cortical bone, which
tended to reduced stress on cancellous bone, while increasing
stress on cortical bone.

Table 4 shows equivalent stress, or von Mises stress. The
stresses generated on cortical and cancellous bone changed dra-
matically from umbrella type 4. Based on this table, it is deter-
mined that the umbrella type implants effectively decreased
stress on the alveolar bone (Table 4).

DISCUSSION

Design of implants is a highly important factor for determin-

ing not only the surgical method for implantation, but also the
properties of the implant. In particular, successful fixation of the
implant in the bone and the maintenance of a stable state are cru-
cial elements in the osseointegration process. In addition, implant
design also affects maintenance of the alveolar bone and the oc-
currence of periodontal disease following long-term use of the
implant.

Kim et al., studied initial responses of proximal tissues de-
pending on implant type by inserting 3 trans mucosal type im-
plants into Beagle dogs. They reported that implant type affected
the difference in bone resorption and the level of proximal soft

tissue formation. In addition, they claimed that more initial con-

The Journal of Korean Academy of Osseointegration 2024, 16(1) 8-20
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Table 4. Equivalent (von Mises) Stress of Cortical Bone and Cancellous Bone (MPa).

New Shape of implants

ltems

Umbrella Type 1 Umbrella Type 2

Umbrella Type 3

Conventional Type

Umbrella Type 4 Umbrella Type 5

38.05
4841

35.2
6.246

Cortical Bone
Cancellous Bone

18.2 12
7.49 14.5

119 122
14.8 14

nective tissue would be more helpful in the long term prognosis
of the implant, because the tissue would be maintained even after
the implant had fulfilled its function. This is interpreted to be con-
sistent with existing knowledge of the relationship between bio-
logic width and the health of the periodontal tissue’.

Elias et al. studied the effects of different implant morpholo-
gies, surface appearance, surgical methods, and bone quality on
initial fixation of implants. According to their study, influencing
factors on initial fixation were the condition of the alveolar bone,
surgical method, and design of implant’, and a number of re-
searchers have made efforts to increase initial fixation and success
rate of implantation by modifying the design, length, and width
of implants™.

On the contrary, Norton reported that secondary implant sta-
bility, which is a process caused by remodelling of osseous tissue
after implantation of implant in the bone, is more important than
simple initial fixation. Hence, Norton even claimed that it would
be unnecessary to apply a force of at least 20 Nem in implantation
of a standard sized implant®. This claim is based on a study by
Barewal et al., in which any implant would lose its stability after
3~4 weeks no matter how firmly the implant was established in
the bone. In particular, Barewal et al. reported a difference in the
change in initial fixation depending on the presence or absence of
cortical bone, whereas it seems that the umbrella design in the
present study was helpful in fixation external to the bone tissue,
meaning that this design could increase initial fixation ability
when cortical bone was weak’.

Pilliar RM reported that implant design affected remodelling
of peri-implant bone. In addition, when bone tissue was absorbed
at the upper part of implant, and osseointegration occurred only
at the bottom part of implant, it is thought that bending forces
could increase the chance of mechanical fatigue fracture by masti-
catory force. This phenomenon has been also reported to occur in
prostheses applied to the hip joint or knee joint, where it was also
mentioned that prostheses with a rough surface had a high os-

seointegration effect'™".

The Journal of Korean Academy of Osseointegration 2024, 16(1) 8-20

Park et al. attempted to increase initial fixation ability during
implantation and minimize the stress on the alveolar bone by
modifying the neck design of the implant'. A umbrella structure
was added to the neck of the implant, and then degree of dis-
placement of implant in response to vertical and horizontal forces
loaded on implant, as well as the level of stress to peri-implant
bone, were observed using a finite element method. In the results
of this experiment, the implant with a umbrella structure had a
much higher resistance to displacement by vertical and horizontal
forces than conventional implants, and stress transmitted to peri-
implant bone also remarkably decreased. In addition, stress was
mostly transmitted to the surface of cortical bone, meaning that
the implant is placed in a highly stable condition within the alve-
olar bone. Therefore initial fixation ability of the implant should
increase, and the ability to tolerate excessive occlusal force should
be enhanced.

It is a well known fact that optimal dispersal of occlusal force
in the mouth significantly affects the long term prognosis of im-
plants, so there have been attempts for a long time to analyze the
force applied to implants by occlusal force, as well as the influ-
ence of this force on the surrounding region. Various methods
were attempted before the finite element method became univer-
sal. In particular, French et al. used a photoelastic model to ana-
lyze transmission of stresses to peri-implant region by type, and
also performed a comparative analysis of implants designed to
properly disperse occlusal force™ .

In addition, Torsiglieri et al. performed an experiment in
which they made a model of a severely atrophied mandible, con-
ducted implantation with various types of implants, applied a
force directly, and measured the ability of the implants to with-
stand forces in poor bone quality and their ability to tolerate
forces in the mouth. They also performed observations in which
they standardized the morphology of the mandible, and mea-
sured and observed the output after applying forces directly™.

In the present study, we were able to apply forces with an ac-
tual direction and intensity in the mouth by using an FEA that



was structurally similar to the actual situation in the mouth. Di-
rection of force and elasto-plastic behavior of the areas affected by
it were determined with reference to a study by Lee et al”.

Simsek et al. applied a vertical force, a force tilted buccolin-
gually by 60°, and a horizontal force, based on vertical implanta-
tion into the jaw, and measured the compressive and tensile
forces that were transmitted to the jaw using a finite element
model. When forces were transmitted to the neck part of the im-
plant, a tensile force was conveyed to the buccal side, and a com-
pressive force was conveyed to the lingual side. As the gap be-
tween two implants was wider, tensile force to the buccal side in-
creased, whereas when the gap between two implants was nar-
rower, compressive force to the lingual side increased®.

Multiple researchers have conducted studies using finite ele-
ment methods to assess the effects of implant design on peri-im-
plant bone, and effects have been reported according to the cross
section of implants, as well as differences in transmission of force
depending on the upper structure of implants'*?. In particular,
Bozkaya et al. analyzed the concentration of forces according to
the implant region, by direct applications of various forces using
5 types of commonly used implants available commercially. They
found that stresses from conventional occlusal force were concen-
trated on the upper part where the cortical bone was, regardless
of implant type. In general, this phenomenon may be because the
force loaded on the implant had effects on physiological phenom-
ena at the border area between the upper part of the alveolar
bone and implant, regardless of implant type.

The present study applied 300 Ncm of vertical force, calcu-
lated the oblique force and horizontal force loaded on implant
with 10° of tilt using a 3-D model, and applied the force working
in each direction. Erkman et al. also used 300 Ncm of vertical
force and a 3-D FEA model, in which they compared biomechan-
ical responses to forces loaded on two different materials using a
3-D model™.

When the results of the present study are analyzed, as the
force is concentrated on the upper part of the implant where it
contacts cortical bone, there was a decrease in stress inside the al-
veolar bone, where the majority of contact between the implant
and bone occurs. Since this implant shape is a highly advanta-
geous structure for stable maintenance within the bone, it is con-
sidered greatly helpful in promotion of initial osteogenesis for pa-
tients with poor bone quality.

In addition, an increase of resistance in the umbrella area
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greatly suppresses the extent of downward settlement of the im-
plant due to vertical forces, so that the umbrella type is highly ad-
vantageous for preventing the implant from entering the maxil-
lary sinus in cases of maxillary sinus augmentation, where the
implant often fails to hold the load due to poor bone quality.

Therefore, it is expected that the required time from implanta-
tion to loading of masticatory force would be reduced, and this
early restoration of masticatory force would elevate satisfaction of
patients. Multiple researchers have been studying ways of reduc-
ing the time from implantation to loading, and Szmukler-Moncler
et al,, proposed more detailed and reasonable standards. In par-
ticular, they suggested that, in the early stages, patients should
carefully and strictly decide the time a force or load needs to be
suddenly applied, and that success rate should be increased
through modifications, such as the method of using a splint to
connect implants together and minimize micromotion™.

In addition, since the umbrella type implant promoted osteo-
genesis at the bottom part in animal experiment, clinical applica-
tion of the umbrella type implant would be helpful for osteogen-
esis at the peri-implant region, leading to elevation of torque gen-
erated during removal of implant, and promotion of osteogenesis
at the peri-implant region. Therefore, this implant design is con-
sidered to give additional stability to the implant when implanta-
tion is performed on area with severe bone loss or poor bone
quality, and it is also expected to have positive outcomes when

applied in practice.

CONCLUSION

3D FEA was performed on newly designed umbrella type im-
plants, and the effects of the implant modifications on the alveolar
bone (cortical bone and cancellous bone) were as follows:

- As umbrella length increased, settlement and tilt of implant
decreased, indicating that the umbrella was highly effective for
stable establishment of the implant in the bone.

- Stress on cortical bone was calculated to be higher for wider
umbrellas, whereas the 0.3 mm umbrella had a smaller effect on
stress reduction. In contrast, stress on cancellous bone increased
as the umbrella width decreased, and the 0.3 mm umbrella
showed the minimum stress reduction.

- As the umbrella width increased, the implants showed an
improvement in stable establishment, and stress on cortical bone

increased, while stress on cancellous bone decreased.

The Journal of Korean Academy of Osseointegration 2024, 16(1) 8-20
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Therefore, the umbrellas 0.3 mm~0.5 mm in length are consid-

ered optimal, based on their stabilizing effect for establishment,

and relatively small impact on osseous tissue. In addition, it is

also necessary to consider methods to prevent concentration of

stress at the site where the umbrella directly contacts to the osse-

ous tissue by making the margin of the umbrella into a round

shape.

10.
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