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Editorial

To change or to be changed is a decision faced by everyone in this changing world. As the center of the
world is moving from the West to the East in the coming year. Asia Pacific will be the global center in the
next decade. With better economic condition, health becomes a noticeable issue in Asia Pacific region while

dentistry plays an important role to keep people in good health.

‘We are now facing the challenge of the so-called Silver Tsunami. That is, the percentage of elderly people
is increasing and we are all facing the challenges of an aging society. Dental education and research should
be transformed to meet the needs of such a society. We have to change for the future demand. Under these

circumstances, prosthetic dentistry becomes more and more important.

In order to achieve the goal of Journal of Prosthodontics and Implantology, which is to improve the
knowledge of those interested in Prosthodontic dentistry by increased communication and exchange of
scientific information as well as the stimulation from the professionals, we are working together to seek better

solutions toward these goals and make the world a better place.

s P

Allen Ming-Lun Hsu
Editor-in-Chief

Journal of Prosthodontics and Implantology A3
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Abstract

Objective

Given the unfavorable survival rates reported in previous
studies, the improvement of resin-bonded fixed partial
dentures (RBFPDs) is unquestionably necessary. Clinically,
most failures of RBFPDs are attributed to interfacial
debonding and inadequate retainer design. This paper
presents an automated optimization approach that utilizes
the framework of finite element analysis to obtain retainer
designs for RBFPDs that can reduce the risk of debonding
and further extend clinical service time.

Material and methods

The automated optimization process was developed and
performed to determine the optimal RBFPD retainer
designs in an iterative manner. The overall optimization
process consisted of two steps: the manual building of
models and the automated optimization process itself.
Ten specimens for each group, the traditional group
and optimal group, were fabricated for each design. The
specimens were then loaded to failure in order to compare
their mechanical performance.

Results

The in vitro mechanical tests indicated that the optimal
design obtained was not able to outperform the traditional
design. It was found that the assigned values simulating
the adhesive's bonding strengths were set too high in the
automated scripts. By lowering the adhesive’s bonding
strengths to reasonable values in the second set, the
performance of the optimal design was experimentally
validated. The optimal design outperformed the traditional
design in terms of the amount of tooth preparation and
debonding area. In the validation experiment, the optimal
design was found to have a higher peak force and first load
drop than the traditional design did.

Conclusion
The experimental results validated the automated
optimization process and suggested that it can be used to
generate optimized designs for various clinical conditions
and to provide scientifically sound preparation guidelines
for clinicians.

Key words: automated modeling, finite element analysis, resin-
bonded fixed partial dentures, shape optimization
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Introduction
D uring the past few decades, minimally invasive

treatment protocols have become popular
due to the development and improvement of dental
adhesive materials, and hence, the philosophy for
designing dental prostheses has also changed. When
a patient needs a prosthetic restoration for missing
anterior teeth, the fundamental rule is to restore
function and esthetics at minimal biological cost.
Resin-bonded fixed partial dentures (RBFPDs),
which are recognized as constituting a minimally
invasive treatment, were first introduced by Ibsen?
and Rochette3. The concept underlying their devel-
opment and use was to decrease the amount of teeth
preparation and to preserve healthy tooth tissue as
much as possible®.

RBFPDs can be made with different material
systems. In early designs, metal alloys were used
in the fabrication of the dental bridges. Recently,
fiber-reinforced composites (FRCs) and ceramic
materials have been increasingly adopted in fabricat-
ing RBFPDs due to the growing esthetic demands
of patients. However, the application of ceramic
materials is significantly limited because their brittle-
ness leads to more tooth tissue removals: 6. Conse-
quently, FRC systems have drawn increasing atten-
tion for use in RBFPDs because they can provide a
tooth-colored appearance and retain the advantages
of minimal invasion. Moreover, FRC FPDs can be
fabricated directly in a patient's mouth or indirectly
by a dental technician. If slight damage to an FRC
FPD occurs while the patient is wearing it, the den-
ture can be restored directly in the patient's mouth?.
Hence, FRC FPDs can provide better convenience
than metal and ceramic FPDs. In addition, the lower
cost of FRC FPDs makes them a more affordable
option for patients. However, there are also some
disadvantages to FRC FPDs. The strength of FRC is
inferior to the strength of metal and ceramic, and the
surfaces of FRC can become worn more easily and
accumulate more plaque®: 9.

For the main scope of the present study, the
authors reviewed the success rates of FRC FPDs
with thin wing-shaped retainers only. An FRC FPD
was defined as successful if it exhibited or resulted
in no pontic fracture, glass fiber fracture, abutment
tooth fracture, chipping of the composite resin, or
retainer debonding when worn. Frese and his col-
leagues reported a 72.6% success rate for anterior
FRC FPDs at 54 months'0, while Malmstrom and
her colleagues reported that 89.4% of anterior FRC
FPDs that were all fabricated directly in patients'
mouths remained successful at two years'!. Spinas
and his colleagues reported a 93.8% success rate
for anterior FRC FPDs given to teenage patients
after five years of observation'?, while Kumbuloglu

and her colleagues also observed a relatively high
success rate of 92.6% for anterior FRC FPDs at 58
months?3. However, lower success rates for anterior
FRC FPDs have also been noted. For example, Heu-
men and his colleagues reported that only 45% of
anterior FRC FPDs survived at S years?, and Wolft
and his colleagues reported an overall survival rate
of 53.0% and a functional survival rate of 73.5% for
FRC FPDs over the 48-month observation period
of a clinical trial that they conducted'4.

According to the aforementioned studies, the
most common failure mode of FRC FPDs is chip-
ping of the composite resin, followed by debonding
of the retainer and fracture of the glass fiber. As such,
FRC FPDs can be viewed as a feasible short-term
to medium-term treatment option, but there is still
much room for improvement in terms of their suc-
cess rate. Relatedly, research supporting the long-
term usage of FRC FPDs is currently lacking?>, but
the long-term success rate for such dentures is cer-
tainly expected to be lower than the short-term and
medium-term success rates.

At present, the traditional way to design FPD
retainers is to create a covering area for bonding
on the lingual surface of a tooth that is as large as
possible’® 7. The most common way to test the
mechanical performance of an FRC FPD is to use a
universal testing machine to apply load to the FRC
FPD until it fractures. However, there are many
drawbacks to this load-to-fracture method, such
as the expensive material costs, time-consuming
specimen preparation, and difficulties in controlling
specimen dimensions. Furthermore, the associated
experimental results do not allow for a straightfor-
ward determination of how any new FPDs should
be designed. Therefore, a number of studies have
utilized the finite element method and observed the
stress distribution in FPD structures in order to ef-
tectively optimize FRC FPD designs'8-21. However,
while this approach is very convenient for compar-
ing stress distributions among different designs, it is
still a very time-consuming approach to use when
modifying designs repeatedly. Moreover, it is dif-
ficult to determine when an optimal design has been
achieved with this approach.

After a comprehensive literature review, we
found that the consideration of biomechanical
issues during the clinical design process used for
anterior cantilever FRC FPDs is insufficient. To
reduce the risk of a retainer debonding, its optimal
shape for minimizing interfacial stresses should be
determined. Therefore, the present study was aimed
at developing an automated optimization process
that utilizes the framework of finite element analysis
to solve the debonding problem and increase the
success rate of anterior cantilever FRC FPDs.

Journal of Prosthodontics and implantology 5
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Lateral incisor

jawbone

Incisor- enamel
Incisor- dentine

4

MATLAB

Create retainer’s

Generate new parameters for retainer’s shape

Fig. 2. The automated optimization process

Material and methods

To attain the optimal designs for anterior canti-
lever FRC FPDs, a numerical optimization process
and in vitro experiment for validation were included
in the present study. The study focused on replacing
a missing maxillary lateral incisor with an RBFPD,
and the retainer was designed to be bonded to a
central incisor. The overall optimization process
consisted of two steps: the manual building of mod-
els and the automated optimization process itself.
The physical model of a central incisor and the can-
tilevered pontic was manually constructed using the
software SolidWorks (Solidworks 2018, Dassault
Systémes SolidWorks Corporation, MA, United
States).

& Volume 7, Number 2, 2018

Particle swarm optimization

Fig. 1. The geometric parts of
the finite element mode

Generate mesh.
boundary condition,
force
4
Y
Altair
HyperWorks
Perform finite
WABAQUS [ clement analysis

Numerical optimization process

In this study, the geometric models used con-
tained a central incisor, a cantilevered pontic for the
lateral incisor, and a rectangular bone block (see
Fig. 1). Both incisors' contours were obtained from
real teeth scanned by a micro-CT scanner (Skyscan
1076, Bruker, Belgium). The material sections of the
incisor model including enamel, dentine, and pulp
were segmented.

The automated optimization process was con-
ducted as follows. First, the shape of the retainer
shape was devised using the software SolidWorks.
Second, meshes of great quality were generated us-
ing the software Hypermesh (Hyperworks, Altair,
MI, United States). The element sizes were 0.2 mm
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(a)

Fig. 3. Specimens of traditional and optimized designs: (a) 1st set

(b) 2nd set

Force = 108N | Force = 100N = Force = 100N

a) I ()T (o

Fig. 4. The configuration of in vi-
tro mechanical test

Fig. 5. The optimization results of the realistic RBFPD retainer: (a)
Optimal design for the first loading type,; (b) optimal design for the

second loading type,; (c) traditional design

for the RBFPD and the incisor and 0.2 ~ 0.8 mm
for the bone block. Using ABAQUS element type
C3D4, about 400,000 elements and 80,000 nodes
were generated over the entire model. Next, a dis-
tributed load was applied at the lingual surface of the
pontic of the RBFPD, and both sides of the bone
block were fixed as the boundary condition. Two
types of loading situation were simulated, including
applying a load of 108N at the pontic only and ap-
plying a load of 100N at both the central incisor and
pontic. Third, the finite element model was solved
by using the software ABAQUS (ABAQUS 14-2,
Dassault Systémes SolidWorks Corporation, MA,
United States) to retrieve the stresses at the interface
between the RBFPD and central incisor. Last, the
tensile stress and shear stress values at the interface
between the retainer and prepared tooth were col-
lected. The areas with higher stresses than the as-
sumed adhesive’s bonding strength were summed
up as the total debonding area. The particle swarm

optimization (PSO) algorithm was implemented
to minimize the total debonding area. This study
used ten vectors as the design variables to describe
the shape of the retainer. The initial design (defined
as the traditional design) was designed according
to current clinical practices, in which the retainer
is designed to cover the lingual side of the tooth as
much as possible in order to maximize the contact
area, as shown in Fig. 5(c). In each iteration, the
PSO algorithm generated new design variables for
the retainer's shape and automatically repeated the
aforementioned steps until reaching convergence.
The maximum number of iterations was set at 30.
The whole process is shown in Fig. 2. Finally, the
mechanical performance of the optimal design was
compared with that of the traditional design.

In vitro experiment for validation

To ensure that the optimal design obtained
from the numerical optimization process was valid,

Journal of Prosthodontics and implantology 7
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Force = 100N
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Fig. 6. The optimization results of the
simplified RBFPD retainer for the first set
of validation: (a) optimal design,; (b) tra-
ditional design 16

(a)

[
Fig. 8. The optimization results of the
simplified RBFPD retainer for the second
set of validation: (a) optimal design,; (b)
traditional design

a simplified model was used to determine the opti-
mal design so that the same settings could be exactly
duplicated in both the finite element simulation and
the experiment. The mechanical performance of the
traditional and optimized designs was then com-
pared.

In the experiment, the entire model and the RB-
FPDs were made of PMMA (see Fig. 3). Ten speci-
mens were fabricated for each design. The fabricated
traditional and optimized RBFPDs were adhered
to the central incisor using resin cement (RelyX
U200, 3M ESPE, MN, United States). Both sides
of the rectangular PMMA block were clamped by a
fixture. In addition, an acoustic emission sensor was
glued onto the rectangular PMMA block to monitor
the development of cracks in the specimens during
loading. A universal testing machine (JSV-H1000,
Japan Instrumentation system, Narashi, Japan) was
used to apply a compressive load to the pontic of the
given RBFPD. The force was applied at 2 mm below
the incisal edge using a steel ball indenter with a di-
ameter of 2 mm and a constant loading speed of one

8 Volume 7, Number 2, 2018

15 -1 0.5 0 05 T 15
The reduction of total debonding area

Fig. 7. The comparison of traditional and optimal designs in dif-
ferent adhesive's bonding

millimeter per minute. The load was applied until
the RBFPD debonded from the central incisor. The
configuration of the experiment is shown in Fig. 4.

Results

The first part of the results presented here are
the results of the numerical optimization process. A
more realistic RBFPD design was simulated along
with the automated optimization process under two
loading conditions. The second part of the results
presented here are the results for the validation of
the numerical optimization process, in which a sim-
plified RBFPD design was optimized and its results
were compared with those of an in vitro mechanical
experiment.

1. Deriving designs of RBFPDs for two loading
conditions

As previously mentioned, the retainer designs
under two types of loading situations, that is, loading
at the pontic only or loading at both incisors, were
simulated iteratively for optimization. The optimal
designs for the first and the second loading types
are shown in Figs. Sa and Sb. The traditional design
is shown in Fig. Sc. The debonding areas and tooth
preparation amounts were compared and are listed
in Table 1. The debonding area of the RBFPD was
found to be smaller when the load was applied at
the enamel rather than at the retainer. It was further
found that both optimal designs required lower
tooth preparation amounts than the traditional
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Table 1. Comparison of traditional and optimal designs for realistic RBFPD retainer

Loads at central incisor and pontic Load only at pontic
(100N each) (108N)
Traditional Optimal Traditional Optimal
Debondingarea 15.69 1097 12.26 10.63
(mm?)
Preparatlon amount 37.18 26.44 37.18 3025
(mm”)

Table 2. First set - comparison of traditional and optimal designs for validation

Debonding area (mm?)

Preparation amount (mm3)

Traditional 2.99

36.64

Optimized 2.07

26.04

Table 3. First set — in vitro mechanical test results
for the traditional design

Table 4. First set — in vitro mechanical test results
for the optimal design

Peak force | Slope |Number of AE events Peak force | Slope |Number of AE events

T1 1164 62.35 25 o1 52.4 46.83 85
T2 47.8 4S8.8 83 02 433 30.15

T3 77.7 52.86 15 03 28.8 29.72 9
T4 1227 55.28 23 04 66 46.3 13
TS 834 44.7 127 0S 53.9 41.06 28
T6 SL6 42.5 39 06 613 39.19 16
T7 158.3 55837 43 o7 25.3 247 4
T8 1074 44.82 44 08 59 44.03 13
T9 1333 47.85 26 09 61.1 41.8 29
T10 114.5 4127 IR o10 28 34.19 64

Average 101.31 4928 44 Average 4791 37.8 26.6

SD 3373 6.49 33.53 SD 14.68 728 25.66

design and that the debonding areas for both opti-

mized designs were smaller.
2. Validation of the optimization process

2.1. Optimization process (1" set)

A distribution load of 100N was applied at the
pontic, and both sides of the cuboid were fixed (see
Fig. 6a). The bonding strengths, 33 MPa for tensile
strength and 35 MPa for shear strength, were as-
sumed to be the same as for the enamel bonded to
the adhesive. The optimal design and the traditional
design are shown in Figs. 6a and 6b, respectively.
Compared to the traditional design, the optimal

design had better performance in terms of both the
amount of tooth preparation and the total debond-
ing area (see Table 2).

2.2.In vitro validation (1" set)

After indentation, the force-displacement curve
and AE signal were obtained. Nineteen specimens
were debonded and only one specimen was frac-
tured at the connector. The peak force, slope of the
force-displacement curve, and number of AE events
for the traditional and optimal designs are shown
in Table 3 and Table 4, respectively. The traditional
designs had higher peak forces, slopes, and numbers
of AE events than the optimal designs did. This sug-

Journal of Prosthodontics and implantology 9
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Table 5. Second set - comparison of traditional and optimal designs for validation

Debonding area (mm?)

Preparation amount (mm3)

Traditional 7.92 36.64
Optimized 6.36 27.87
Table 6. Second set - in vitro mechanical test results for the traditional design
Peak force First force drop Number of force drops | Number of AE events
T1 13.63 13.14 46 80
T2 20.50 11.38 43 86
T3 28.05 12.65 85 210
T4 21.28 11.67 5SS 202
TS 10.49 8.53 66 210
T6 36.58 13.04 28 81
T7 32.17 27.85 39 138
T8 1942 1942 68 185
DO 25.30 14.02 28 72
T10 22.16 13.24 43 82
Average 22.96 1449 50.1 134.6
SD 7.52 S5.1S8 1742 57.76

gests that the traditional designs outperformed the
optimal ones.

Thus, the optimal design obtained was shown
to have poorer performance in the experiment. This
poorer performance was most likely caused by the
settings of the adhesive's bonding strengths being
wrong. The bonding strengths were set as 35 and 33
MPa for shear stress and tensile stress, respectively.
However, according to the literature, the ranges of
bonding strengths for shear stress and tensile stress
are 4-35 and 17-33 MPa, respectively. Hence, the
debonding areas of the traditional and optimal
designs were reevaluated with different bonding
strengths for the adhesive. The resulting comparison
of the total debonding area of the traditional and
optimal designs for the different adhesive bonding
strengths is shown in Fig. 7. The cases in which the
optimal design had a lower total debonding area
were marked with a triangular sign, while the cases
in which the traditional design had a lower total

10 Volume 7, Number 2, 2018

debonding area were marked with a circular sign. If
the bonding strengths between the adhesive and the
PMMA were actually located at the region of the
circular sign, then it would make sense that the tradi-
tional design was better than the optimal design.

2.3. Optimization process (Z"d set)

The finite element simulation of the second set
was the same as that for the first set. The only differ-
ence was in the adhesive's bonding strengths. Spe-
cifically, strengths of 19 and 17 MPa for the shear
stress and tensile stress, respectively, were assumed.
Based on the evaluation of the parametrical study
shown in Fig. 7, this selected configuration of bond-
ing strengths would produce the largest discrepancy
in the total debonding area between the traditional
design and optimal design.

The resulting optimal design and the traditional
design are shown in Figs. 8a and 8b, respectively.
Compared to the traditional design, the optimal
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Table 7. Second set - in vitro mechanical test results for the optimal design

Peak force First force drop Number of force drops | Number of AE events
Ol 54.03 15.00 9 102
02 56.00 21.08 13 76
O3 34.03 2491 31 146
04 3226 13.14 14 75
(ON 36.58 16.28 12 53
06 3991 12.65 10 54
07 44.52 19.02 10 46
08 6149 20.79 11 44
09 1040 1040 71 177
O10 5345 17.95 6 29
Average 4227 17.12 18.7 80.2
SD 1431 425 18.58 4S8.55

design had better performance in terms of both the
amount of tooth preparation and the total debond-
ing area (see Table S).

2.4.In vitro validation (2" set)

After indentation, the force-displacement curve
and AE signal were obtained. All the models were
debonded. The peak force, first force drop, number
of force drops, and number of AE events of the
traditional and optimal designs are shown in Table
6 and Table 7, respectively. All the optimal designs
had higher peak forces and first force drops than the
traditional designs, which suggested that the optimal
designs outperformed the traditional ones. Thus, the
optimization process was validated by the experi-
ment performed with the adjusted adhesive bond-
ing strengths.

Discussion

The optimal solution achieved a lower amount
of tooth preparation and smaller debonding area
at the same time. This result suggests that a larger
retainer does not always provide better mechanical
performance. Rather, the shape of the retainer plays
a more important role in this regard. It was observed
during the iteration process that the shape of the
retainer tended to evolve to avoid the direct load,
such that the load was finally applied on the enamel.

Interestingly, this result matched the objective of
current clinical practice.

Unexpected failure occurred in three of the
twenty samples in the first set of the validation
experiment. The O1 and O4 samples showed
cracks and the connector of the TS sample broke
into two parts at a peak force of 83.4 N, which was
much lower than the forces that the other samples
with the traditional design were able to sustain. We
suspected that the manufacturing process was not
carefully performed so that local sharp edges were
produced and concentrations of stress arose at these
locations. Furthermore, two types of surface finish
were observed among the twenty samples. As a
result, one type of the samples had a smoother sur-
face finish, while on the surface of the others a clear
direction of lay was seen. A significant difference in
the peak force between these two groups of samples
was found in the experimental results (Tables 3
and 4). In order to obtain a more consistent sample
condition for all the samples, the aforementioned
issues were fixed by communicating with the dental
technician before manufacturing the samples for the
second validation experiment.

Previous studies have reported that the values
of the tensile and shear strengths for an adhesive are
distributed in wide ranges of 17-33 MPa and 4-35
MPa, respectively. The optimal design obtained in
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the first set of optimization was compared with the
traditional design in the finite element simulations
using all combinations of the strength values in the
ranges. Fig. 7 shows the results of this parametric
study as a contour plot, where the reduction of
the total debonding area was the improvement
achieved by the optimization. Thus, the colors with
positive values indicate that the optimal design out-
performed the traditional design. The contour plot
suggested that the current optimal design would
outperform the traditional design to a greater degree
when both the tensile and shear strengths of the
adhesive are higher. However, the validation experi-
ment obtained an opposite result, which proved that
the bonding strengths of the adhesive selected in the
optimization process were too optimistic. Accordin
to the contour plot, the traditional design would be
most likely to outperform the optimal design when
the tensile and shear strengths were set as 17 and 19
MPa, respectively (i.e, the poorest optimal design
with the most negative reduction of total debonding
area). Thus, this configuration was selected to con-
duct the second set of optimization and the valida-
tion experiment, and the results did prove that our
guess was correct.

The design variables considered in this research
consisted of ten length vectors that defined ten
points to form the outline of the retainer. The re-
tainer contacted the tooth at a plane, but in practice,
it can have a curved surface or other 3D shapes.
In addition, other types of designs have been used
in other research studies, such as designs featuring
holes and ditches, in order to enhance the bonding
strength at the interface??: 33, 34, 52-54 For future
improvements, more design variables can be in-
cluded in the optimization process to consider more
types of retainer designs.

With regard to the patient-specific modeling,
the shape of the teeth for a given patient can be
parameterized. That is, measurements of different
patients' teeth can be performed to define proper
geometric parameters. The approach of using many
vectors to define the retainer can also be applied to
define a given tooth.

Conclusion

In this study, an automated optimization pro-
cess was developed and performed to determine
the optimal RBFPD retainer designs under different
load conditions. However, the optimal design ob-
tained was shown to have poorer performance than
the traditional design in the first round of the valida-
tion experiment. It was found that the adhesive's
bonding strengths were set too high. By lowering
the adhesive's bonding strengths to reasonable val-
ues in the second set, the obtained optimal design
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was successfully validated, as the optimal design
outperformed the traditional design in terms of the
amount of tooth preparation and the debonding
area. In the validation experiment, the optimal de-
sign had a higher peak force and first force drop than
the traditional design did. The results of the experi-
ment suggested that the automated optimization
process can be used to generate optimal designs for
various clinical conditions and to provide scientifi-
cally sound preparation guidelines for clinicians.
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Abstract

Purpose

Stem cells have become increasingly important in the
development of tissue engineering. Among them, dental
pulp stem cells can be obtained in a non-invasive manner.
In recent years, advances in technology have enabled dental
pulp stem cells to be successfully applied to periodontal
diseases and the regeneration of the lower jaw bone, in
addition to creating the potential for more applications
due to the self-regeneration and multi-differentiation
capabilities of stem cells. Hyaluronic acid (HA) is a natural
biological polymer that has important physiological
functions in vertebrates and even bacteria. Past studies
have indicated that HA, in addition to being an important
material in tissue engineering, is related to the physiological
activities of specific cells or even stem cells. Therefore, this
study sought to explore the effect of HA on dental pulp
stem cells.

Material and methods

Dental pulp stem cells were cultured with 20 KGy or 60
KGy 7 -ray treated HA. Their cell viability was then tested
by MTT assay:.

Results

Our results showed that there was no significant difference
between the control group and experimental groups.
Conclusion

That is, the results suggested that HA does not exhibit the
ability to improve the viability of dental pulp stem cells.
However, further experimental studies with various HA
concentrations are still needed to determine whether HA
has any positive effects on dental pulp stem cells.

Key words: dental pulp stem cell, hyaluronic acid, tissue
engineering, x-ray

Introduction
Stem cell research is a rapidly emerging field of study that offers

new options for cell therapy and tissue engineering. In the past,
the use of differentiated mature cells, which can be obtained from
autologous tissues, reduced the problem of immune rejection in
tissue engineering applications, but the number of such cells that
can be obtained has proven to be insufficient for some purposes.
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Specifically, it is difficult to obtain the number of
subsequent implantable stents required when using
differentiated mature cells, and because such cells
are in the mature stage of differentiation, their in vi-
tro growth rate is relatively limited.

Stem cells are unspecified initial cells that are
capable of dividing for proliferation, self-renewal,
differentiation, and regeneration, and are further di-
vided into embryonic stem cells and adult stem cells.
Embryonic stem cells are derived from the inner
cell mass of the post-fertilized blastocyst. Although
these cells cannot develop into a single individual
by themselves, they can differentiate into the various
cells of the endoderm, mesoderm, and ectoderm,
and so are also known as pluripotent stem cells.

Dental pulp stem cells, which are a type of adult
stem cells derived from pulp tissue, were success-
fully isolated and cultured in vitro by Gronthos et al.
in 20002. Although the amount of dental pulp tissue
is small, such tissue can yield an abundant amount
of stem cells, and the isolated dental pulp stem cells
have high difterentiation ability, with the ability to
differentiate into dentin mother cells, osteoblasts,
chondrocytes, and adipocytes. Also, unlike embry-
onic stem cells, the use of dental pulp stem cells does
not involve embryo invasion and destruction, and
therefore is less morally controversial.

Studies have shown that dental pulp stem cells
are genetically similar to bone marrow stem cells3.
However, a given volume of pulp tissue contains a
higher proportion of stem cells than the same vol-
ume of bone marrow tissue#, making it much more
convenient to obtain dental pulp stem cells from
dental pulp tissue than it is to obtain bone marrow
stems cells via bone marrow aspiration. The genes
involved in cell division are also much more abun-
dant in dental pulp stem cells than in bone marrow
stem cells5.

Hyaluronic acid (HA) is found in almost all
vertebrates, especially in the extracellular matrix of
soft tissues. In fact, it is one of the main components
of the extracellular matrix and can also be found in
synovial fluid and intraocular lenses. HA molecules
have excellent hydrophilic properties. Specifically,
they can absorb 500 times their own volume in wa-
ter and are therefore considered a natural moisturiz-
er. Because ofits good water absorption, biocompat-
ibility, and low immune response, HA is widely used
in the medical, pharmaceutical, and cosmetic indus-
tries in wide range of products and processes includ-
ing moisturizers, arthritis treatments, ophthalmic
surgery, and wound healing ointments. It has also
been reported that HA could potentially be used in
releasing agents for drugs with anti-inflammatory,
anti-swelling, and antibacterial functions that are
used to treat periodontal diseases®.

HA has been shown to affect the physiological
activities of cells either directly or indirectly, espe-
cially in certain cells and even stem cells. However,
no previous studies have investigated the effect of
HA on the growth of dental pulp stem cells. In this
study, therefore, HA was added to culture medium
used to grow dental pulp stem cells. The effect of the
HA on the dental pulp stem cells was then tested.

Material and methods

The minimum essential medium alpha medium
(11900-024), antibiotic-anrimycotic (15240-062),
and fetal bovine serum (26140-079) used in this
study were purchased from Gibco (USA). NaH-
CO3 and L-ascorbic acid 2-phosphateS (49752-
10G) were purchased from Sigma-Aldrich (San
Louis, MO, USA).

Culture solution preparation

10.2 g of powder-packed @-MEM was added
to 1 liter of secondary filtered water. Then 2.2 g of
sodium hydrogencarbonate, 10 ml of antibiotic-
anrimycotic, S ml of L-ascorbic acid 2-phosphate,
and 150 ml of fetal bovine serum were added to the
a-MEM solution. After the medium was uniformly
mixed and filtered through a filter membrane (0.22
(#m), the prepared medium was stored in a refrigera-
tor at 4°C. To prepare &-MEM with HA, HA pow-
der (0905281, GINKGO, USA) was dispensed and
sterilized by 7-ray (20 or 60 KGy) for subsequent
experiments with dental pulp stem cell culture. After
being sterilized, the HA powder was added to the
-MEM culture solution containing fetal bovine se-
rum.

The culture method for dental pulp stem cells
The dental pulp stem cells were cultured in a
10-cm culture dish using @-MEM culture medium,
and a subculture was required when the cells had
grown to a saturated state of eight to 90%. In the
subculture, the culture solution in the culture plate
was aspirated, and the culture plate was washed
twice with PBS buffer, and the remaining culture
solution was washed away. For passage, 1 ml of 0.1%
Trypsin-EDTA was added to the culture medium,
and the culture plate was put into the incubator for §
to 10 minutes. After adding the appropriate amount
of trypsin-EDTA, it was confirmed that the cells had
detached from the culture plate. Then the cells were
collected through centrifugation at S00 rpm for 5
minutes. After centrifugation, the supernatant was
removed, and new culture solution was uniformly
mixed with the cells. The cells were then cultured in
anew culture plate for subsequent experiments.
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Fig. 1. The process diagram of the method

Cell culture experiment

The experiment was divided into two groups: a
control group and an experimental group. The cell
culture with normal @-MEM was defined as the
control group, and the cell culture with a-MEM
and different particle sizes of HA was defined as
the experimental group. The dental pulp stem cells
were cultured in a 24-well plate (cell concentration:
2X 104 /ml) in @-MEM culture medium, and
after the cells were attached for 24 hours, they were
washed with PBS buffer, and the culture solution of
the experimental group was replaced by the medium
with HA (serum @-MEM with 1 mg/ml HA), with
the day of this replacement being defined as day 0.
MTT experiments were performed every 24 hours
to observe the proliferation of the cells. The experi-
mental group was further divided into two sub-
groups, which included cells treated with 20 KGy ¥
-ray treated HA or the cells treated with 60 KGy 7
-ray treated HA.

Cell viability tests

During the experiment, S0 ¢l of MTT solution
was added to each culture well, and the wells were
maintained in the incubator for three to four hours.
Then the MTT solution and culture solution were
aspirated, and 500 ¢l of DMSO was added to the
well to dissolve the formazan crystals to make the
DMSO solution purple. The cell viability was read
by spectrophotometer. The absorbance values (570
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nm - 690 nm) were recorded for use in subsequent
analysis.

The dental pulp stem cells were cultured in a
24-well plate (cell concentration: 2 X 104 /ml) in
a-MEM culture medium, and after the cells were
attached for 1 day (24 hours), they were washed
with PBS buffer, and the culture solutions of the
experimental sub-groups were replaced with HA.
MTT experiments were performed every 24 hours
to observe the proliferation of the cells in a 96-well
plate with the microplate reader.

Results

In Fig. 2, the blue group indicates the control
group, and the orange and gray groups indicate the
dental pulp stem cells grown in 20 KGy 7-ray treated
HA and 60 KGy 7-ray treated HA, respectively.
Regardless of the group, the dental pulp stem cells
had a normal cell growth trend. Relatedly, the results
revealed no significant difference between the con-
trol group and the experimental groups. That is, the
results suggested that the HA does not exhibit any
ability to improve the cell viability of such stem cells.

Discussion

HA is involved in a variety of cellular physi-
ological functions which are also associated with
the proliferation of stem cells. In past experiments,
Zou and his team found that high concentrations
(4 mg/ml) of HA promoted the release of growth
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factors from cells, stimulating cell-cell interactions
and increasing the rate of cell proliferation?. In this
study, the concentration of HA we used was 1 mg/
ml, which was different from the concentration used
in previous studies. As such, further studies may
be required in order to determine the concentra-
tion of HA that it most suitable for spurring dental
pulp stem cell hyperplasia. In addition, it should
also be noted that different stem cells have different
sensitivities, so more research will also be needed
to determine whether or not HA has any positive
effects in bone tissue engineering involving stem
cells of various kinds. Meanwhile, the current study
did show that HA is not harmful to dental pulp stem
cells. The results of the MTT assays showed that
the amounts of dental pulp stem cells in the experi-
mental sub-groups were not decreased. This proved
that HA is harmless to these human cells. However,
more research is needed to identify any mechanism
underlying a proliferative effect of HA on dental
pulp stem cells.

Conclusion

The results of this study suggested that the HA
did not have any positive effects on the development
of the dental pulp stem cells. However, since there is
still much that remains unknown about HA, more
research will be needed in the future to reveal the ef-
fects of HA on tissue engineering and stem cells.
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Abstract

Temporomandibular joint (TM]) ankylosis is a severe
disease that results in hypomobility of the TM]J and thus
affects patients’ daily functions of speech, mastication,
and oral hygiene. For prosthodontists, restricted mouth
opening commonly leads to challenging clinical scenarios.
The following case report describes the case of a 43-year-
old female with a history of TM] ankylosis. The patient's
maximum mouth opening from ridge to ridge was about
31 mm after left gap arthroplasty with temporalis muscle
flap reconstruction. Complete dentures were fabricated
through careful clinical procedures. As a result, the
dentures improved the patient's appearance, chewing
function, and maximum mouth opening. In conclusion,
when treating a patient with limited mouth opening, a set
of well-made dentures can improve the patient's functional
abilities and esthetics.

Key words: complete dentures, gap arthroplasty, limited
mouth opening, Temporomandibular joint (TMJ)
ankylosis

Introduction

T emporomandibular joint (TM]) ankylosis is a severe disease
that affects the patient's TM], causing hypomobility of the jaw
and, in turn, affecting the daily functions of speech, mastication,
and oral hygiene'. The etiologies of TM] ankylosis include trauma,
arthritis, infection, previous TM] surgery, congenital defects, and
idiopathic factors?-4. According to the literature, trauma is the most
common etiology of TMJ ankylosis, accounting for 75% to 98% of
cases358. Epidemiological investigations have shown that the type
of trauma and the patient’s age are the most important factors relat-
ed to ankylosis®'". Children can develop TM]J ankylosis very easily
by overreacting to trauma because they have more growth potential
than adults’. Intracapsular condylar fracture destroys both the con-
dylar head and the surrounding soft tissue more severely than other
types of condylar fractures. Therefore, it is the most dangerous cause
of ankylosis!. The management of TM] ankylosis is difficult and is
mainly conducted through surgical intervention, even as there are
no standard surgical procedures for treating it.

For prosthodontists, restricted mouth opening commonly
leads to challenging clinical scenarios. Special attention should
thus be paid in performing impression procedures and vertical di-
mension determinations, and in making jaw relation records and
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Fig. 1. Panoramic x-ray showing multiple residual roots, impacted
lower third molars, and resected bilateral coronoid process.

Fig. 3. Left gap arthroplasty
with temporalis muscle flap
for the treatment of left TMJ
ankylosis.

determining prosthetic teeth arrangements. The fol-
lowing case report describes the case of a denture-
rehabilitated patient with a history of TMJ ankylosis.

Case report

A 43-year-old female experienced a head injury
due to trafhic accident in December of 1994. She was
diagnosed with an epidural hematoma (EDH) and
a subdural hematoma (SDH) and underwent two
craniotomies. However, her vegetative status persist-
ed for more than two months. She was then referred
to the NCKUH department of physical medicine
and rehabilitation. Fortunately, the patient ulti-
mately regained conscious and was discharged from
NCKUH, although she still suffered from some se-
quelae of the brain injury, including mouth opening
limitation. The patient was subsequently brought to
the NCKUH department of stomatology for oral
rehabilitation in 1998. Her maximum mouth open-
ing at that time was only 7 mm. Mouth opening ex-
ercise was suggested at that time, but the patient was
uncooperative because of the brain injury. A surgical
intervention including left interpositional arthro-

Fig. 4. The maximum mouth opening
was only 31 mm (from ridge to ridge).

Fig. 2. CT scan showing abnormal
left TMJ with suspected TMJ anky-
losis.

Fig. 5. The best "smile". The pa-
tient's facial muscle control was
poor.

plasty and bilateral coronoidectomy under general
anesthesia was then performed. However, severe
mouth opening limitation and deviation to the left
could still be observed after the surgery. The patient
was then lost to follow-up for a long period of time
(1998~2012). Recently, however, she returned to
the NCKUH department of stomatology with her
parents and asked for further management for her
mouth opening limitation and dental rehabilitation.
Although the patient had regained consciousness
after a two-month period of vegetative status, her
mental status after the head injury was child-like and
she had forgotten everything, including her parents
and even who she was. Moreover, her ability to con-
trol her facial muscles was poor, and her left eye was
almost blind.
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Fig. 6. The upper working cast.

Fig. 8. The occlusal scheme was
set to achieve bilateral balanced
occlusion. (a) CO contact. (b) Left
balancing contact. (c) Left working
contact. (d) Right balancing con-
tact. (e) Right working contact.

A panoramic x-ray was taken that showed mul-
tiple residual roots, impacted lower third molars, and
the resected bilateral coronoid process (Fig. 1). A
CT scan showed an abnormal left TMJ, which led to
the suspicion of TMJ ankylosis (Fig. 2). The patient's
maximum mouth opening at that time was only 15
mm, and chin deviation to left side during mouth
opening was also noted. On November 9th, 2012,
the patient underwent left TMJ surgery, and all the
residual roots and the impacted tooth #38 were ex-
tracted under general anesthesia. After exposing the
left TM]J region, no evidence of bony TM]J ankylosis
was observed, but it was revealed that a silicon sheet
placed 14 years prior to the surgery had become en-
compassed by fibrous tissue. The silicon sheet was
then removed, and a central perforation at about 6
mm was observed. The fibrous ankylosis mass was
trimmed to create adequate space for the condyle
head, and the left temporalis muscle flap was used
for interpositional material (Fig. 3).

In October of 2013, complete denture fabrica-
tion procedures were started. The patient's maxi-
mum mouth opening at that time was only 31 mm
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Fig. 7. The lower working cast.

from ridge to ridge (Fig. 4). Figure S shows the best
"smile" she could do. Upper and lower stock trays
and alginate were used to make preliminary impres-
sions. Then, upper and lower individual trays were
made. After border molding, final impressions were
made with additional silicone. After boxing, the
working casts were poured (Figs. 6, 7).

Standard protocol was followed to determine
the occlusal plane and vertical dimension with the
occlusion rims first. Then, the vertical dimension
was reduced by evenly reducing the height of the
upper and lower occlusion rims. The rest position
could not be used for reference due to the patient's
poor control ability. Facial support and a phonetics
test were used as guides to determine the vertical
dimension.

After the vertical dimension determination, bite
registration and facebow transfer were performed,
and then the working casts were mounted on a semi-
adjustable articulator. The zero-degree non-anatom-
ical posterior teeth were selected, and the occlusal
scheme was set to achieve bilateral balanced occlu-
sion (Fig. 8). After packing, the upper and lower
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Fig. 9. 6-month follow-up image. Stable
occlusion was noted.

complete dentures were delivered, and
their stability and retention were good
(Figs. 9, 10). At first, the patient could
not eat while wearing the dentures. At
the 2-week follow-up, however, she
could eat soft foods while wearing the
dentures. At the 1.5-month follow-up,
there was no specific complaint, and
the patient and her parents were satis-
fied with the dentures. At the 6-month
follow-up, the patient's maximum
mouth opening had increased by 4.5
mm (from 31 mm to 35.5 mm) (Figs.
11,12).

Discussion

The management of TM] ankylo-
sis is difficult and is mainly conducted
through surgical intervention, even as
there are no standard surgical proce-
dures for treating it. Rather, a variety
of techniques and interpositional
materials have been used. Today, gap
arthroplasty with interpositional graft
has come to be seen as one acceptable
method for the primary surgical man-
agement of TM] ankylosis'2. A variety
of interpositional materials have been
used in this procedure, including the
temporalis muscle and fascia, dermis,
auricular cartilage, fascia lata, fat, lyo-
dura, silicone, and various metals?3-16.
The temporalis muscle flap is the
most commonly used interpositional
material. The advantages of using this
flap are as follows: (1) good blood
supply; (2) close proximity to the
surgical area, such that it can be easily
accessed from the same incision; (3)
easy preparation and harvesting; and
(4) minimal cosmetic and functional
morbidity at the donor site2.

Fig. 10. 6-month follow-up image. Note the bilateral and even
CO contact and the zero-degree non-anatomic posterior pros-
thetic teeth.

Fig. 11. 6-month follow-up image.
The maximum mouth opening was
increased by 4.5 mm (from 31 mm
to 35.5 mm).

Fig. 12. The frontal view
after delivery of the den-
tures.

According to a study conducted by He et al.’, placement of
an interpositional material between the ramus and the skull base
is usually advocated to reduce the recurrence rate. The temporalis
myofascial flap is the most popular interpositional graft and typi-
cally achieves good results'”. When the medially displaced con-
dylar head and disc are intact, lateral arthroplasty with temporalis
myofascial flap is a good procedure for treating TM] ankylosis.

For prosthodontists, restricted maximum mouth opening
commonly leads to compromised impressions and prostheses.
Therefore, a modification of the standard fabrication procedures
is often necessary. In some cases, the mouth opening is so limited
that placement of even the smallest available stock tray into the
mouth is not feasible. Trimming the flange lengths and adding
compound as necessary are often helpful means of addressing
this issue. Furthermore, if a 1-piece tray cannot be used, then the
stock tray may be cut in half and the halves approximated to form
the preliminary cast'8. Procedures have been introduced in which
putty silicone is used as flexible trays washed with light body
silicone for more details. After pouring, the resultant preliminary
casts can then be used for making rigid sectional trays for final im-
pressions'9-21. In the present case, the smallest available stock tray
could be slowly placed in the patient's mouth and so was used for
the preliminary impressions.
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In patients with limited mouth opening, en-
trance of the bolus is more easily accomplished by
increasing the interocclusal space. Therefore, re-
duced vertical dimension is sometimes needed for
these patients. Some experimental research studies
have shown that a rapid adaptation can take place
after changing the vertical dimension, leading to
another rest position and the creation of a new inter-
occlusal distance22. This seems to occur even after
an increase that was greater than the original interoc-
clusal distance. Such findings indicate that the adap-
tive capacity of the masticatory system is usually
substantial and that the rest position alone is not a
reliable basis for the determination of maxilloman-
dibular relations. Relatedly, small variations in the
vertical dimension are not so critical?2. Lingualized
or monoplane occlusion is favored in patients with
limited mouth opening. The non-anatomic occlusal
schemes generate less horizontal force.

For patients with limited mouth opening, spe-
cial attention should be paid to fabrication proce-
dures. Moreover, practical prosthodontic treatment
goals are crucial in patients with compromised oral
function.
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Abstract

When planning to place an implant after the extraction
of a failing tooth with an apical lesion, it should be
noted that the performance of a series of soft and hard
tissue reconstruction efforts by the clinician can cause
considerable patient distress. This case report describes an
alternative strategic approach that combines apical surgery
with guided bone regeneration for immediate implant
placement and provisionalization. This approach can not
only preserve the architecture of the hard and soft tissue,
but can also achieve esthetic and functional outcomes and
increase patient satisfaction.

Key words: apical surgery, guided bone regeneration, immediate
implant placement, immediate provisionalization

Introduction
Q tooth with a combined periodontal and periapical infection of-

en results in defective buccal bone. Such infections also affect
the success rate of implant and bone augmentation surgery, as the
removal of the source of an infection of the teeth will cause horizon-
tal and vertical bone loss followed by soft tissue atrophy. According
to one previous study’, the width of alveolar bone is reduced by an
average of 50% within one year of losing a tooth, with two-thirds of
the bone resorption occurring in the first three months. Meanwhile,
the reconstruction of hard and soft tissue is often laborious, time-
consuming, and unpredictable. With these issues in mind, this re-
port presents a case in which a technique combining apical surgery
with guided bone regeneration was used to achieve esthetic and
functional outcomes in the presence of a failing infected tooth.

Case report

The present case involves a 35-year-old non-smoking male who
denied having any systemic diseases or drug allergies. A clinical ex-
amination revealed no tooth attrition or other abnormal oral habits.
However, the patient reported having suffered from gum swelling
over the right upper posterior tooth for one month. A gumboil over
his right maxillary second premolar was noted. The apical lesion
measured approximately 9 mm X 9 mm in size according to the
periapical film taken during the examination (Fig. 1.). No gingival
swelling, inflammation, or deep probing above 3 mm were observed
in the clinical examination. Furthermore, a bone sounding examina-
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Fig. 1. Periapical film: Fig. 2. Clinical examination after PFM crown removal. (a)buccal intra-oral view; (b)
GP tracing to apex of occlusal intra-oral view; (c)periapical film

the right maxillary sec-
ond premolar

Fig. 3. Provisional crown fabrica-
tion

Fig. 4. Root canal retreatment

Fig. 5. Apicoectomy

Fig. 6. Guided bone regeneration. (a)Bio-oss; (b)resorbable collagen membrane; (c)suture with 5-0 Nylon

tion indicated that the buccal bone crest remained
intact. The clinical diagnosis was an apical cyst with
a previously treated root canal. After removal of
the PFM crown and dental caries, tooth extraction
was indicated because there was a lack of sufhicient
tooth structure for tooth restoration (Fig. 2.). The
suggested treatment plans called for a single implant
replacement or 14 X 16 FDP. After discussion with
the patient, a definitive treatment plan of implant
placement was decided upon. To prevent collapse
of the buccal bone after tooth extraction and sub-
sequent patient embarrassment due to the missing
tooth, the following treatment steps were proposed:
(1) fixed provisional crown fabrication (Fig. 3.), (2)
root canal retreatment (Fig. 4.), (3) apical surgery
combined with guided bone regeneration, (4

tooth extraction, immediate implant placement, and
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provisionalization, and (S5) final implant-supported
crown delivery.

Apical surgery and guided bone regeneration

For the apical surgery, cyst enucleation, apicoec-
tomy of 3 mm of root apex, retrograde preparation,
and retrograde filling with MTA (mineral trioxide
aggregate) were performed (Fig. S.). At the same
time, guided bone regeneration was performed in
the apical bony defect with xenograft (Bio-Oss®,
Geistlich) and resorbable collagen membrane (EZ
Cure™, Biomatlante) (Fig. 6.).

Immediate implant placement and provisional-
ization (1IPP)

After 6 months of bone healing time (Fig. 7.),
the right maxillary second premolar was extracted
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Fig. 7. Periapical film: apical
surgery and GBR 6 months
later socket

Fig. 8. Periapical film: immedi-
ate implant placement in fresh

Fig. 9. Titanium temporary abut-
ment was hand tightened onto the
implant

Fig. 10. (a)provisional implant supported crown; (b)buccal intra-oral view; (c)occlusal intraoral view; (d)peri-

apical film

Fig. 11. Provisional im-
plant supported crown af-
ter 3 months healing time

with periotome in a less traumatic approach. The
placement of a flapless implant (OsseoSpeed TX,
4.0 X 13 mm, Astra Tech AB; Mélndal, Sweden)
was then performed (Fig. 8.). Due to the primary
stability of the implant, a titanium temporary abut-
ment was hand tightened onto the implant (Fig.
9.). The provisional crown was fabricated with light
cured resin (Protemp™ 4, 3M ESPE) with the assis-
tance of a surgical stent (Fig. 10.). The gap between
the implant and the bony socket was filled with
bone graft (FDBA, LifeNet®). The screw-retained
implant-supported provisional crown was adjusted
to clear all centric and eccentric functional contacts,
and an appropriate antibiotic (amoxicillin 250 mg,
4 times daily) and analgesic (acetaminophen 500
mg, every 4 to 6 hours as needed for pain) were pre-
scribed. The patient was instructed not to brush the
surgical side, but rather to rinse with 0.2% chlorhexi-
dine gluconate (Parmason, PBF). The patient was

Fig. 12. Final restoration (a)buccal intra-oral view; (b)occlusal intra-oral view;
(c)periapical film

also asked to maintain a soft diet for 2 weeks. After
3 further months of bone healing time (Fig. 11.), a
final impression was taken and the final screw-re-
tained implant supported crown (monolithic zirco-
nia occlusal surfaces: Ceramill Zi, Amann Girrbach
AG; veneer procelain: Vita VM9; Vita Zahnfabrik,
Bad Sickingen, Germany) was delivered (Fig. 12.).
There were no biological or mechanical complica-
tions upon clinical and radiographic examinations at
the 1-year follow-up visit (Fig. 13.).

Discussion

The standard approach is to eliminate the in-
fection via tooth extraction when a hopeless tooth
with an apical infection. Once the tooth is extracted,
the buccal plate and bundle bone that had been
adjacent to it prior to its removal will resorb. This
bone resorption will then result in vertical and/or
horizontal bone and soft tissue loss, and that loss, in
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Fig. 13. 1-year follow (a)buccal intra-oral view; (b)periapical film

turn, will necessitate a combination of soft and hard
tissue augmentation. However, these reconstruc-
tion procedures are usually strenuous and time-
consuming, and yield unpredictable results. In this
early implant placement approach, the patient is
effectively required to experience a period time of
during which the extracted tooth is simply missing
or, alternatively, the patient wears a removable appli-
ance that can possibly interfere with the masticatory
function, alter the alignment of the dentition, and
decrease the patient's quality of life. In contrast, the
IIPP approach presented in the current case can
provide better patient comfort, offer good esthetics?,
and eliminate the inconvenience of a second surgery
for the placement of a healing abutment. This often
leads to early soft tissue healing and stabilization of
the peri-implant mucosa 3.

Recently, many studies have shown that an api-
cal lesion is a risk factor for IIPP, but not a contrain-
dication 4. If chronic infection of the alveolar bone is
treated with appropriate debridement, preoperative
and postoperative antibiotic use, and the case is care-
tully selected, the survival rate can reach 92%~100%
5. However, all of these studies excluded teeth with-
out primary stability, whereas the key factor in IIPP
is the primary stability of the implant. It is generally
recommended that the implant should extend at
least 4 to S mm into the root apex to obtain primary
stability 2. In this case, the patient was diagnosed
with an apical cyst with a previously treated root ca-
nal, and the inflammation was confined only to the
apical part with no involvement of the periodontal
tissue. The periodontal pocket probing depth of the
tooth was 3 mm. Therefore, considering the patient's
desire not to experience an extended period of time
with a missing tooth, we performed apical surgery
to remove the apical infection, including the root tip
up to 3 mm, in addition to performing guided bone
regeneration surgery in the apical area to increase
the bone volume. These actions in turn increases the

26 Volume 7, Number 2, 2018

primary stability of the implant that was then placed.

IIPP is a predictable surgery with a high success
rate. According to a study by Kan et al. from 20116,
an average of four years (2 to 8.2 years) prospective
study of 35 single anterior teeth immediate implant
placement and provisionalization, the cumulative
success rate was 100%. The IIPP procedure is per-
formed with a less traumatic form of tooth extrac-
tion and immediate placement of the implant in
order to retain the alveolar crest and maintain the
gingival architecture surrounding the implant 789,
This likewise provides early healing of the soft tissue
surrounding the implant. In this case, we present an
alternative treatment option that combined apical
surgery with guided bone regeneration to replace an
unrestorable and apically infected failing tooth with
implantation in a staged approach. Although the
overall treatment time for this approach is not faster
than that for early implant placement, we propose
that it constitutes a predictable method for not only
maintaining the hard and soft tissue around the im-
plant site but also results in high patient satisfaction
while allowing the implant prosthesis to be effective
in both esthetic and functional regards 1°.
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