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Case Report

Management of Edentulous Spaces with Autotransplantation of A Tooth with
Complete Root Formation Using an Interdisciplinary Approach and with
A Seven-year Follow-up

Sutti Malaivijitnond'
'Department of Dentistry, King Nariai Hospital, Lopburi, Thailand

Abstract

This case report presents a successful interdisciplinary dental treatment to manage edentulous spaces in a
skeletal class Ill case using camouflage orthodontic treatment with autotransplantation of a tooth with complete root
formation, by four specialties: prosthodontics, endodontics, oral surgery, and orthodontics. The treatment plan included
extraction of the mandibular left first premolar and the maxillary right first premolar as well as autotransplantation
of the maxillary right first premolar into the maxillary left premolar edentulous area. The keys to success of the
autotransplantation were: (1) endodontic treatment of the donor tooth prior to orthodontic tooth alignment with
round wire, (2) preapplication of orthodontic force before extraction, (3) preparation of the recipient socket guided
by the periapical radiograph and study casts, (4) preservation of the donor tooth in its own bleeding socket during
trying in, and (5) the use of a short-term suture splint. Comprehensive orthodontic treatment was completed, with
favourable results. The treatment time was 38 months. The transplanted tooth was in excellent condition for a
porcelain crown restoration, but the patient declined the treatment. After seven years of follow-up, the transplanted
tooth was still in good condition with no signs of inflasmmation, or root resorption. This article thoroughly discusses

the decision making for the treatment sequence and appropriate approaches from each specialist.

Keywords: Autotransplantation, Complete root formation, Orthodontic treatment
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Introduction

Edentulous spaces, as well as mutilated dentition,
are among the most challenging orthodontic conditions
to treat,"” because the best results necessitate close
collaboration among various dental specialists, including
an orthodontist. An interdisciplinary approach can be used
to deliver the next level of excellence more effectively.’

Certainly the most important role in making appropriate

diagnoses and considering interdisciplinary approaches for
the best outcomes is played by the orthodontist, who can
envision the occlusion at the end of orthodontic treatment
and the subsequent need for future prosthetic work.
Since there is a high success rate of dental implants,
they are now the gold standard in tooth replacement.” Unfor-

tunately, this is not an option for every patient. Orthodontic
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space closure may be a viable option for many patients
because it reduces the number of dental implants needed.
Because teeth are occasionally extracted in orthodontic
practice to correct occlusal discrepancies and become
available as donor teeth, autotransplantation of extracted
premolars has become one of the major therapies to
replace missing or hopeless teeth, resulting in minimal
tooth movement.”” The biological replacement of missing
teeth is possible with autotransplantation. Using the
periodontal ligament, the autotransplant can be moved
by orthodontic force and erupt with adjacent teeth. Auto-
transplantation is thought to be an effective technique
for improving prognosis. Although autotransplantation is
reported to have a success rate of between 63.1% and
100%,*" there are some undesirable outcomes, such as
dentoalveolar ankylosis or root resorption, particularly in
teeth with complete root form.”” Modern medical advances,
such as a better understanding of periodontal tissue and
dental pulp healing, as well as root resorption mechanisms,
have recently increased the reliability and success of
autotransplantation.'">" As a result, appropriate trans-
plantation protocols are required for a better prognosis.
Even if the autotransplant fails, the patient has other
options for replacing the missing tooth.

This case report demonstrates successful inter-
disciplinary dental treatment to manage a skeletal Class lll
case with a hypodivergent pattern in an adult patient with
edentulous spaces, using an orthodontic camouflage plan
with autotransplantation of a premolar, to achieve an
appropriate treatment result, by four specialties: prostho-
dontics, endodontics, oral surgery, and orthodontics. After
the completion of active orthodontic treatment, satisfactory

results have been maintained for more than seven years.

Diagnosis and Etiology

The patient, a 22-year-old female, was referred
by her family dentist for evaluation and treatment of her
malocclusion, with chief complaints of anterior crossbite,

and missing maxillary left premolars and mandibular right

first molar which had been extracted four years prior due
to severe caries.

She had a straight profile. No remarkable facial
asymmetry was evident. The intraoral molar relationship
on the left side was Angle Class |, and the relationship
on the right side could not be judged due to the missing
mandibular first molar, though it was speculated to be
Angle Class I. On the right side, the canines had a Class |
relationship, while on the left side, they had a Class Il
relationship. There was also mild maxillary and mandibular
crowding. The maxillary dental midline was 3.5 mm to the
left of the facial midline, while the mandibular dental midline
was coincident to the facial midline. On the right side, overjet
and overbite were edge-to-edge, while on the left side,
they were 2.0 mm. When the patient was led into a centric
relationship, she displayed an edge-to-edge incisor relationship
on the right side, followed by a forward mandibular shift
into an anterior crossbite position, allowing the posterior
teeth to occlude. The functional evaluation revealed a
significant disparity between centric occlusion and centric
relation, with no obvious signs or symptoms of temporo-
mandibular disorders (Fig. 1).

Because of these findings, the patient was diagnosed
with a symmetrical mesofacial type with a straight profile,
an Angle’s Class I malocclusion with anterior crossbite on
the right side, missing maxillary left premolars and right
mandibular first molar, and maxillary dental midline
deviated to the left by 3.5 mm. The mandibular right
edentulous space measured 10.5 mm and the maxillary
left edentulous space measured 8.5 mm. In addition, the
mandibular right second molar and maxillary left first molar
had a mesial inclination (Fig. 2). A panoramic radiograph
revealed that the third molars were developing normally.
There was no significant alveolar bone resorption around
the edentulous spaces of the mandibular right first molar
or the maxillary left premolars, and no maxillary antrum
was found in the maxillary left premolar area. Despite
a mild degeneration of the right condyle, there was no

restriction in mandibular motion (Fig. 3). A skeletal Class Il
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relationship with an ANB angle of -3.0° was revealed by and a normal interincisal angle (U1-L1 = 129.00) due to
lateral cephalometric analysis due to a retrognathic maxilla maxillary incisor proclination and mandibular incisor
(SNA = 78.5°) and orthognathic mandible (SNB = 81.5°). retroclination (Fig. 4, Table I).

Vertically, the patient had a low-angle tendency (FMA = 16.5°)

Figure 1 Pretreatment facial and intraoral photographs

Figure 2 Pretreatment study casts
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Figure 3 Pretreatment panoramic radiograph showing missing maxillary left premolars and mandibular right first molar, mesial tipping

of the adjacent molars, absence maxillary antrum, and the unerupted maxillary third molars

Figure 4 Pretreatment lateral cephalogram and tracing

Table 1 Cephalometric measurements at pretreatment, posttreatment, and postretention

Variable Mean SD Pretreatment Posttreatment Postretention
Skeletal
SNA (°) 84 3.58 78.5 79.5 79.5
SN-PP (°) 9 3.03 10.0 10.0 10.0
SNB (°) 81 3.59 81.5 80.5 80.5
SN-MP (°) 30 5.61 28.0 28.0 28.0
SN-Pg (°) 82 3.69 82.0 82.5 82.5
NS-Gn (°) 68 3.29 64.5 64.0 64.0
ANB (°) 3 2.50 -3.0 -1.0 -1.0
MP-PP (°) 21 5.25 17.0 16.5 16.5
FMA (°) 23 5 16.5 16.0 16.0
Dental
U1-NA (°) 22 5.94 31.0 22.0 225
U1-NA (mm) 5 2.13 55 4.5 4.5
U1-SN (°) 108 6.13 110.0 102.5 102.5
L1-NB (°) 30 5.61 21.5 15.0 15.5
L1-NB (mm) 7 222 25 2.0 2.0
L1-MP (°) 97 5 92.5 91.0 91.5
U1l-L1 (® 125 8.03 129.0 142.0 142.5
Soft tissue
Upper lip to E-line (mm) -1.23 1.91 -4.0 -3.5 -3.5
Lower lip to E-line (mm) 1.68 2.03 0 -3.0 -3.0
Nasolabial angle (°) 91 8 97.0 100.0 100.0
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Treatment Objectives

On the basis of diagnostic records, the treatment
objectives were as follows: (1) to correct the anterior
crossbite, to establish optimal overjet and overbite, and
to maintain a normal interincisal angle, (2) to correct the
discrepancy between dental and facial midlines, (3) to
close the edentulous space of the missing mandibular right
first molar, (4) to substitute the missing maxillary left premolars
with either a dental prosthesis or autotransplantation, (5)
to obtain a Class | canine relationship and establish optimal
occlusion, (6) to improve the skeletal relationship by lingual
movement of the mandibular incisors, and (7) to maintain
he soft tissue profile.

Treatment Alternatives

Following the collection of data, dental specialists
discussed treatment options with the patient, who had a
Class lll skeletal jaw relationship with a hypodivergent pattern
and edentulous spaces on opposite sides. Orthognathic
surgery was recommended for skeletal correction. To
reduce the need for prosthetic restoration, orthodontic
space closure could be attempted. The treatment options
were as follows.

The first treatment option was orthognathic
surgery combined with orthodontic treatment. Since the
patient’s jaw relationship was retrognathic maxilla and
orthognathic mandible, with maxillary incisor proclination
and mandibular incisor retroclination, orthognathic surgery
with maxillary advancement was an appropriate treatment
for the patient. To achieve normal inclination and correct
the discrepancy between dental and facial midlines, the
maxillary right premolar had to be extracted and the
incisors retracted, whereas the mandibular incisors would
be proclined for decompensation. Both maxillary left
premolar and mandibular right molar edentulous areas
necessitated tooth substitution. However, this surgical
approach was rejected by the patient.

The second treatment option was non-extraction
orthodontic treatment. The anterior crossbite can be
corrected, an effort will be made to correct the dental
midline-facial midline correspondence, and maintain the

soft tissue profile. Tooth substitution was required in both

the maxillary left premolar and mandibular right molar
edentulous areas. The treatment alternatives for tooth
substitution options were: 1) autotransplantation of the
maxillary left third molar into the maxillary left premolar
space, 2) dental implant with crown, 3) fixed permanent
restorations from the maxillary left canine to molar, 4)
removable prosthesis, and 5) space closure with a mini-
implant as anchorage.

The third treatment option was camouflage
orthodontic treatment. Since the amount of jaw discrepancies
was not too severe, dental compensation could be introduced.
Extraction of two premolars in the quadrants that had no
missing teeth was possible. With complete orthodontic
space closure, only one edentulous area of the maxillary
left premolar would be left for tooth substitution. The
treatment alternatives for tooth substitution options were:
1) autotransplantation of the maxillary right first premolar
into the maxillary left premolar space, 2) dental implant
with crown, 3) fixed permanent restorations from the
maxillary left canine to molar, 4) removable prosthesis,
and 5) space closure with a mini-implant as anchorage.

A meeting was scheduled between the dental
specialist team and the patient. Following the discussion,
the patient and her parents declined the orthognathic
surgery option due to their fear of surgery and the high cost.
To achieve the treatment goals, the patient preferred the
orthodontic camouflage plan with autotransplantation.
The mandibular right edentulous space was to be closed
using tooth movement and the maxillary left edentulous
space was to be closed by transplanting the maxillary right
first premolar as a donor tooth (Fig. 6, A). The maxillary
left third molar was not preferred as a donor tooth
because the bucco-palatal width of the alveolar bone in
the maxillary left premolar area is insufficient, the surgical
procedure for preparing the recipient site is more complicated,
failure is increased, and occlusion after treatment is also
questionable. After consulting with the endodontist, the
donor tooth was determined to be the maxillary right
first premolar. Even if the treatment for the maxillary left
edentulous space fails, it is critical that the posttreatment

results are not worse than the pretreatment status. According
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to Gary et al."’, patients who had missing tooth spaces
closed were significantly healthier periodontally than
patients who had prosthetic teeth. This results in an
advantage of autotransplantation that is superior to that
from the use of implants. After the treatment, the teeth

are all close together.

Endodontics: RCT
of the maxillary
right first premolar

Orthodontic force

Orthodontics: Preapplication

Treatment Progress

The treatment objectives were discussed with
the patient, and informed consent was obtained. The
treatment plan was indicated, with appropriate treatment
sequences for each specialty (prosthodontics, endodontics,

oral surgery, and orthodontics) (Fig. 5).

Orthodontics: Orthodontic

treatment

© (0

Oral surgery: Extraction

of the mandibular left first
premolar

Figure 5 Diagram of treatment sequence for each specific specialty:

Oral surgery:
Autotransplantation

0] © ©

Prosthodontics:

Crown restoration

1. Endodontics: Root canal treatment (RCT) of the maxillary right first premolar to ensure root canal filling quality while

avoiding periodontal tissue injury.

2. Oral surgery: Only the mandibular left first premolar was extracted.

3. Orthodontics: Fixed appliance treatment for four weeks on both maxillary and mandibular teeth, including the maxillary
right first premolar, with preloading force from 0.016” superelastic nickel-titanium alloy to enhance periodontal ligament
and ease extraction.

4. Oral surgery: The maxillary right first premolar was autotransplanted into the maxillary left premolar space. To achieve
good adaptability with under-occlusion and avoid trauma from unintentional bite force, the periapical radiograph and study
casts were used to estimate the dimensions and location of the recipient site socket. The maxillary right first premolar was
extracted and gently preserved in its own socket during trying in. Non-absorbable sutures and a suture splint were used to
secure the maxillary right first premolar in under-occlusion.

5. Orthodontics: To continue orthodontic treatment, a bracket was attached to the maxillary right first premolar (donor tooth).

The treatment took 38 months to complete.

6. Prosthodontics: Crown replacement on an autotransplanted tooth.

The maxillary right first premolar was referred to
an endodontist for one visit intentional root canal treatment.
The root canal treatment included pulp removal and calcium
hydroxide dressing, as well as rinsing, cleaning, and shaping
root canals with sodium hypochlorite solution before root
filling with gutta-percha and a sealer (Fig. 6, A and B).
The left mandibular first premolar was extracted. Four
weeks after the root canal treatment, both dental arches

were fitted with 0.018-in slot Roth prescription pre-adjusted

edgewise appliances [Tomy, Tomy International, Chiyoda-ku,
Tokyo, Japan], including the maxillary right first premolar.
To widen the periodontal ligament space, 0.016-in improved
superelastic nickel-titanium alloy wires [Sentalloy, Tomy
International] were placed four weeks before transplantation
in both arches.” The increased periodontal ligament space
also made tooth extraction easier and reduced the risk of
root damage during the extraction. The patient was then

referred to an oral and maxillofacial surgeon for trans-
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plantation. The maxillary right first premolar was extracted
with forceps and reinserted into the alveolar socket;
extraction of tooth prior to preparation ensures that the
tooth remains safe after extraction and leaves the remaining
balance in the tooth socket to prevent PDL cells from
being damaged, whereas the maxillary left premolar region
(recipient site) was assessed with a periapical radiograph
and study casts. The recipient site was prepared using
the implant surgical kit. The donor tooth was placed into
the recipient site once the recipient site was ready. To avoid
excessive occlusal stimuli, the donor tooth was carefully
seated into the socket under-occluded. Non-rigid fixation
was used to stabilize the mucoperiosteal flap by cross-
suturing between the mesial and distal interdental papillae
of the transplanted tooth with a Polyamide [4-0 Ethilon®,
Johnson & Johnson Ptv. Ltd., Aurangabad-MH, India]
monofilament (non-absorbable suture, diameter 4-0).
The occlusal surface of the transplanted tooth was then
stitched with a figure-of-eight suture, also known as a
suture splint.”” Only 24-48 hours after surgery did the
suture splint remain extremely tight. The suture became
loose after that, but the transplanted tooth remained in

the dental socket due to the formation of periodontium

from blood clots. Normal healing progressed gradually,
and the gingivae were eventually tightened. After the
surgery, antibiotics were prescribed for a week.

The surgical sutures were removed ten days after
the transplant, despite the fact that the transplanted tooth
mobility was grade lll. However, no evidence of gingivitis
was discovered. Six weeks after transplantation, a bracket
was also bonded to the transplant, the surrounding gingiva
was in the same condition as the adjacent teeth, and the
transplanted tooth’s mobility had decreased. On the
periapical radiograph, the dense white shadow around
the root indicated bone repair (Fig. 6, C). After bonding a
bracket to the transplant, the arch was aligned with 0.012-in
nickel-titanium alloy wire to use stable light orthodontic
forces while also protecting the transplanted tooth from
excessive occlusal stimuli. Mesialization of the mandibular
right second and third molars closed the mandibular
right first molar space. The occlusion was corrected, and
periapical radiographs revealed no pathologic radiolucency

or root resorption; bone induction was observed around

the transplanted tooth, and periodontal space was also

confirmed (Fig. 6, D).

Figure 6 Intraoral radiographs of the maxillary right first premolar (donor tooth): A, before treatment; B, after one visit intentional root

canal treatment; C, six weeks after autotransplantation of the maxillary right first premolar to maxillary left premolar site; D,

2 years 11 months after transplantation; parallelism of dental roots, no pathologic radiolucency or root resorption; E, 9 years

and 2 months after transplantation, the restoration and root filling are still compact, and there is a cervical one-third

vertical bone defect on the mesial side of the transplanted tooth
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During orthodontic treatment, the transplanted
tooth had an excellent prognosis, with no ankylosis or
deepened periodontal pockets and no obvious root
resorption. The brackets were removed after 38 months
of active treatment. Circumferential retainers were delivered
and used full-time for two years before being used only at
night. The functional and esthetic outcomes were completely
satisfactory to the patient. The autotransplanted tooth
was scheduled for crown restoration after three months
in retention. Regrettably, the patient refused treatment.
However, the patient was encouraged to have the crown
restoration at every retainer check-up visit, but the patient

declined our recommendation.

The posttreatment facial photographs revealed

an acceptable facial profile, with the dental midline

nearly paralleling the facial midline. Acceptable intraoral

interdigitation and good occlusion were also achieved
with Class I canine relationships. In the clinical photograph,
there was a small black triangular space between the
maxillary central incisors (Fig. 7). The spaces left by missing
maxillary left premolars and mandibular right first molars
were closed with autotransplantation and molar mesialization,
respectively. The autotransplanted tooth’s gingiva was not
inflamed, tooth mobility was normal, and pocket depths
were within 3 mm. To have the crown on the transplanted
tooth restored, the patient was referred to a prosthodontist.
Because the greatest stiffness losses were associated with
the loss of marginal ridge integrity, the transplant tooth has
OM cavity preparation, making it more susceptible to fracture.”
The patient was satisfied with the outcome of the treatment
(Fig. 7 and 8). Radiographs revealed parallelism of dental
roots and no root resorption of the autotransplanted tooth
or other teeth, but there was a slight increase in horizontal

resorption of the alveolar bone (Fig. 9).

Figure 7 Posttreatment facial and intraoral photographs
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Figure 8 Posttreatment dental casts

Figure 9 Posttreatment panoramic radiograph

Because appropriate vertical control was applied
to both the maxillary and mandibular molars, by adding
a reverse curve of Spee on the main arch wires, there were
changes in the ANB (+2.0°) and FMA (-0.5°) but no increase
in facial height in the lateral cephalometric analysis between
pretreatment and posttreatment stages. Furthermore,
both the maxillary and mandibular incisors showed lingual
inclinations with an increase of 13.0°in the interincisal angle
(Fig. 10 and 11, Table I). Moreover, both the maxillary
intercanine width slightly increased by 0.5 mm between
the cusp tips as a result of the corrected anterior crossbite
and symmetry. According to the cephalometric superim-
position, the mandibular right molars were mesialized,
and the interincisal angle was increased, while the soft

tissue profile indicated the lower lip lingually moved.

There were no significant changes in the facial
profile or occlusion during the postretention phase,
which occurred seven years and two months after the
completion of active treatment. The maxillary midline
shifted slightly to the right relative to the mandibular
midline. The maxillary incisors were contoured with
composite resin to eliminate the black triangular space
visible in the postretention facial photographs (Figs. 12
and 13). The maxillary right first molar received root
canal treatment, and the maxillary right third molars
developed normally; however, the maxillary left third
molar had supereruption, and the patient was advised
to have this tooth extracted (Fig. 14). The comparison of
posttreatment and postretention lateral cephalograms

revealed only minor differences in the U1-NA, L1-NB,
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L1-MP, and interincisal angle (Fig. 15, Table I). Following side of the transplanted tooth, but clinical evaluation
that, at nine years and two months after transplanta- revealed that the periodontal condition remained good

tion, periapical radiographs revealed that there was a and no abnormalities were found (Fig. 6, E).

cervical one-third vertical bone defect on the mesial

Figure 10 Posttreatment lateral cephalogram and tracing Figure 11 Cephalometric superimpositions between the pretreatment
and posttreatment stages: overall, maxilla, and mandible.
The black lines and the red lines show pretreatment

and posttreatment, respectively

Figure 12 Postretention facial and intraoral photographs
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Figure 13 Postretention dental casts

Figure 14 Postretention panoramic radiograph

Discussion

Although each situation necessitates a unique

approach, each specialized dentist in each field must
collaborate to develop the best treatment plan for the
patient. However, some of the best plans may be refused by
patients. This type of case, a skeletal Class Ill jaw relationship
with edentulous spaces on opposite sides, is one of the
most difficult to treat,” and an interdisciplinary planning
approachinvolving orthodontics, prosthodontics, endodontics,
and oral surgery was critical to the treatment’s success.

Based on her jaw relationship, orthognathic
surgery was the best treatment option for the patient.
However, consent from the patient and parents was
required, with higher costs and risks associated with the
surgical procedures.”” Furthermore, tooth substitution

would have been required in two areas, one in the maxilla

2 2
I\ J

Figure 15 Postretention lateral cephalogram

and one in the mandible, raising the cost of treatment and
possibly necessitating additional minor surgery forimplantation.
Ultimately, the patient chose orthodontic treatment over
surgery. This option required sacrificing the facial profile,
incisal inclinations, and position. Because of her mild jaw
discrepancy and adequate alveolar support, this option
was viable. Aside from avoiding the risk of surgery and the
additional surgical cost, this option had the advantage
of requiring only one tooth substitution.

Tooth substitution or orthodontic space closure
may be options for an edentulous area at the maxillary
left premolar. Closure may be difficult due to the large
size of the orthodontic space, which has aggravated the
mechanic for correcting the skeletal Class Ill patient’s

problem. A mini-implant or intermaxillary Class Il elastic
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anchorage would be required with a longer treatment time.
Occlusion following treatment would also be questionable,
because a maxillary molar with a large occlusal table
would occlude with a mandibular premolar with a smaller
area.” As a result, we do not prefer the orthodontic space
closure technique of mesializing the maxillary left molar.
Although this option gives the maxillary left third molars
occlude with the mandibular left second molar. Tooth
replacement, whether by implant or prosthesis, would
necessitate additional surgery or tooth preparation. An
implant or fixed prosthesis is also more expensive than
autotransplantation. Although a removable prosthesis
requires little tooth preparation, the patient carries a great
deal of responsibility for wearing it. Otherwise, if the patient
does not wear the prosthesis frequently enough, spacing
may occur.

The pulp of a completely developed donor tooth
cannot regenerate, because healing of the pulp cannot
be expected after apical closure." Thus, if endodontic
treatment is performed too late after transplantation,
inflammatory resorption may develop from the infected
root canal.”* It is possible that the extraction of an endo-
dontically treated tooth would make the tooth more likely to
fracture. However, Reeh et al.?’ indicated that the brittleness
of endodontically treated teeth and vital teeth showed
no statistical difference. Endodontic procedures reduced
tooth stiffness by only 5%, which is contributed entirely
by the access opening. The 5% reduction in stiffness from
endodontic procedures was insensitive to sequence, as
the same reduction resulted in whether restorative procedures
followed or preceded endodontic procedures. The in vitro
study of Lewinstien and Grajower showed that the hardness
of root dentin is not altered after endodontic treatment.”
As a result, endodontic treatment was performed first to
ensure that the root canal filling was of high quality, with no
trauma to the apical periodontal tissue and no excess root
canal filling. Furthermore, it is unlikely that extraction of an
endodontically treated tooth will cause the tooth to fracture.
For successful autotransplantation, a one-month follow-up

is recommended to confirm healthy periodontal tissue.

Periodontal ligament (PDL) injuries are common
during donor tooth extraction; preserving the vital PDL on a
donor toothis critical for successful tooth autotransplantation.”
The application of orthodontic force to the donor tooth
prior to extraction increased the PDL width and eased
extraction,'® which may help prevent the occurrence of
denuded root surfaces due to tooth extraction, potentially
leading to a reduction in ankylosis and root resorption after
tooth transplantation. As a result, orthodontic preloading
was used for four weeks prior to transplantation in this case.
This is consistent with the findings of Nakdilok et al., who
found that four weeks of orthodontic preloading with
0.016” NiTi was the shortest time required to adequately
enhance the PDL and facilitate tooth extraction.”” Round
wire is preferred for force application because rectangular
wire may torque the root, injuring the periodontal tissue
and causing hyalinization, which is not appropriate for
tooth transplantation.

The procedure for tooth transplantation must
be completed in under an hour."” Socket preparation is
critical because it must fit the donor tooth well while also
being wide enough to allow the donor tooth to be carefully
seated into the socket under-occluded to avoid occlusal
force. [Even if the opposing tooth (the mandibular right
premolar) was extracted, the transplanted tooth should
still be under-occluded to reduce the force from large food
boluses.] The best way to evaluate socket preparation was
with three-dimensional imaging, and a rapid prototyping
model was used to fabricate a replica of the donor tooth,”
which was then used for socket try-in. After the socket
has been properly prepared, the donor tooth is extracted
and placed in the recipient site. The periodontal tissue is
thus exposed for a very brief period of time. A 3-D printed
model was not available for this patient. The periapical
radiograph was used by the oral surgeon to estimate the
tooth length. The crown size of the maxillary right premolar
in the study cast, which is larger than the root widths,
was used to estimate the mesio-distal and bucco-lingual
widths. As a result, the socket would be a little wider to

accommodate the transplanted tooth’s apical positioning.
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Itis critical to use an appropriate preserve storage medium
when inserting the extracted tooth into the socket. Andreasen”
concluded that saliva and physiological saline offer good
protection against root resorption during the extra-alveolar
period. The oral surgeon, on the other hand, decided to
use the extracted socket, which was filled with the patient’s
blood, to preserve the periodontal ligament; the blood-filled
socket could be considered superior to the aforementioned
storage media.

The patient received short-term fixation. Andreasen™
stated that mechanical stimuli, such as occlusal force, may
promote PDL cell regeneration. Long-term firm fixation
may have a negative impact on healing, whereas non-rigid
fixation for seven to ten days stimulates alveolar lisgament
cell activation and bone healing.”** Based on those findings,
the transplant was placed slightly below the occlusal plane
and secured with a suture splint, a figure-of-eight suture.
The fixation period after transplantation was limited to ten
days. This physiological splint may allow for some tooth
movement, allowing for healing. Allowing for minor move-
ment reduces the risk of ankylosis and has a negative impact
on the periodontal healing of the tooth.”

One of many concerns was incisor stability due
to the compromised incisal inclination. Throughout the
orthodontic treatment, static and dynamic occlusion were
closely monitored, and no premature contacts were
observed.™ After seven years of monitoring, the teeth
were still almost completely occluded with no evidence
of functional or periodontal problems. The transplanted
tooth was also in great condition, with no signs of ankylosis
or root resorption. Despite the fact that a permanent
restoration was not placed on the transplanted tooth
as planned due to patient objection, the tooth was in
good condition with no signs of broken restoration or

tooth fracture.

Conclusions

Autotransplantation for the management of
edentulous spaces is an effective method for occlusion

stability and a viable treatment option to avoid prosthetic

rehabilitation or to maintain good alveolar bone condition,
especially when combined with well-planned orthodontic

treatment and an interdisciplinary approach.
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Abstract

This study aimed to develop and test the oral health literacy measuring tool for patients in the Comprehensive
Dental Clinic, Faculty of Dentistry, Chiang Mai University. It was divided into two phases. In the first phase, the oral
health literacy measuring tool for patients in the Comprehensive Dental Clinic was developed from the literature
reviews. In the second phase, the created tool was tested for its quality in comparison with the existing tool, namely

the oral health literacy measuring tool for adult patients in the Thai version by Supasin Deeraksa (ThREALD-30). The
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multi-stage sampling was undertaken to obtain 112 samples as maintenance patients, aged over 50 years, in the
Comprehensive Dental Clinic, Faculty of Dentistry, Chiang Mai University. The samples were required to answer the
questions contained in both tools at the same time, whereby this process was completed within 15 minutes. Data
collection was conducted from January 2021 to December 2021. The measuring tool consisted of 32 items, covering
all six components: access to dental service information, understanding, questioning, decision-making, oral behavioral
change, and retelling others. The study results showed that the tool contained face validity and concurrent validity.
The convergent validity with ThREALD-30 was r=0.22 (p=0.022), the concurrent validity occurring regarding the
education level (p=0.047). In addition, the reliability of the whole measurement form showed Cronbach’s alpha

coefficient equal to 0.96. In conclusion, the developed oral health literacy measuring tool can be further used to

evaluate oral health literacy among patients for dental treatment.

Keywords: Health literacy, Oral health literacy, Comprehensive dental, Maintenance patient
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Table 1 Number and percentage of the samples classified by personal information and oral health behaviors
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Table 1 Number and percentage of the samples classified by personal information and oral health behaviors (cont.)
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Table 2 All and individual scores of the oral health literacy test

No. Questions

Mean * SD after

adjusting the score

Access to dental service information 4.32 + 0.60
1 If you have oral health problems, you can tell where to see the dentist. 4.36 +0.72
2 You know the procedure for contacting for oral health check-up. 4.27 £ 0.71
3 You know how to make an appointment with a dentist for oral health check-up. 4.31 +0.83
4 You know the oral health care information from the dentist who provides completed treatment. 4.57 + 0.57
5 You know how to obtain oral health information in addition to listening to explanations 4.04 + 0.96
from the dentist.
6 You believe that getting information about dental care directly from a dentist is preferable 4.40 + 0.832
to getting it via radio, television, or other forms of electronic media.
Understanding 4.40 £ 0.61
7 You understand that you should visit your dentist regularly. 4.48 + 0.73
8  You understand that vigorous brushing make the teeth abrasion. 4.19 + 0.99
9  You understand that dental floss and interdental brushes are complementary to oral cleaning. 4.40 + 0.84
10 You understand that when stained teeth, the redness that occurs is the position of the 4.29 + 0.99
teeth that are not cleaned or not brushed thoroughly.
11 You understand that smoking, drinking alcohol or chewing betel nut is not good for oral health. 4.63 + 0.67
12 You understand that when a tooth is lost, a tooth must be inserted to replace the missing tooth. 4.38 + 0.83
13 You understand that fluoride can prevent tooth decay. 4.25 + 0.93
14 You understand that poor oral health care can make oral problems return. 4.54 + 0.76
15 You understand that if there is an abnormality in the mouth, should come and see the dentist 4.60 + 0.66
immediately.
16 You understand that to take care of each person’s oral health, there are different styles. 4.26 + 0.88
Questioning 4.44 + 0.61
17 When you have oral health problems, you can ask the dentist who treats you. 4.43 + 0.756
18  When you have oral health problems, you will report problems that arise before the 4.43 + 0.694

dentist asks questions.
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Table 2 All and individual scores of the oral health literacy test (cont.)

No. Questions Mean * SD after

adjusting the score

19 When you don’t understand the dentist’s information, you can request additional explanations 4.46 + 0.696
from your dentist.

20 When you want to know more about oral health care, you can request additional explanations 4.49 +0.723
from your dentist.

21 When you want to share a treatment plan with your dentist, you can request additional opinions 4.53 + 0.643

from your dentist.

22 You can discuss your cost and treatment eligibility with your dentist. 4.37 +0.849
Decision-making 4.52 + 0.64
23 Once you know the treatment plan from your dentist, you can choose the treatment method that 4.53 +0.643

suitable for you.

Oral behavioral changes 4.48 + 0.54

24 After seeing a dentist, you concern about your oral health care more than before. 4.65 + 0.57
25  After seeing a dentist, you choose to eat foods that reduce tooth decay or wear more properly. 4.40 £ 0.72
26 After seeing a dentist, you choose to buy or use accessories to clean more. 4.39 £ 0.75
27 After seeing a dentist, you brush your teeth more correctly. 4.57 + 0.55
28  After seeing a dentist, you change your toothbrush more often. 4.30 + 0.85
29  After seeing a dentist, you always buy fluoride toothpaste. 4.50 + 0.68
30  After seeing a dentist, you reduce your smoking, drinking alcohol and chewing betel nuts habits. 4.56 + 0.98
Retelling others 4.42 + 0.60

31 You will introduce people around you to come to check oral health with a dentist regularly. 4.54 + 0.63
32 You can give advice and knowledge about oral health care to people around you. 4.32 +0.83

Mean score of the oral health literacy test = 26.6 + 0.28 points
Median = 27.15 points
Mode = 30 points
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finanuaenadeselutemonuyanediulaelmduusedns uaneiensei 3

LOANIYIATEUUIATIIRUUWINAU 0.96 LEaNINTUILLNAL

A151 3 KANITIATILAUUTYAVEIeaN 1Y99A TN ULAYUENA Y

Table 3 Analysis results of overall and individual Cronbach’s alpha coefficient

Assessment Dimensions Number of Items Cronbach’s Alpha Value
Overall 32 0.96
1. Access to dental service information 6 0.86
2. Understanding 10 0.90
3. Questioning 6 0.91
4. Decision making 1 N/A
5. Behavioral changes 7 0.86
6. Retelling others 2 0.81

*N/A = not applicable
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Table 4 Number and percentage of the samples classified by personal information and the results of concurrent validity
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Table 4 Number and percentage of the samples classified by personal information and the results of concurrent validity (cont.)
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Abstract

This study purposed to evaluate the effect of a 21-day Chatbot on caregivers’ knowledge, attitude and
practices for children aged 0 to 5 years old, as well as the chatbot’s engagement and satisfaction. This study has
2 parts; first was a retrospective quantitative research evaluating caregivers’ knowledge, attitude and practices for
children aged 0 to 5 years old and engagement, utilizing data from a 21-day Chatbot initiative in 7 provinces southern
Thai regions program by the Faculty of Dentistry at Prince of Songkla University and National Health Security Office

(NHSO). The second part was a prospective qualitative research to evaluate user satisfaction and motivations for
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utilizing chatbot. Two trained and calibrated interviewers performed online in-depth interviews with individuals
who attended chatbot for 7, 14, and 21 days. Results indicated that after using a 21-day Chatbot program, a high
percentage of parents were confident in their ability to clean their children’s teeth and understood the reasons,
consequence, and methods for avoiding child dental caries. All 21 days of the program were attended by 57.9% of
the caregivers. Almost of caregivers satisfied with simple assess to participate, features, replies, infographics, videos,
knowledge provided. Additionally, the could applied provided knowledge for daily practices. Discontinuation of use was

based on their own schedules and the stability of the platform, which may error and did not deliver messages every day.
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Table 1 General data, oral cleansing and knowledge about child’s oral care

fanus N %
218uan (N = 3,567)
021 1639 46.0
359 1928 54.0
AadBangiin (X + SD U) 2.7+1.44
Jain (N = 3,567)
A3 978 27.4
UsIBNA 264 7.4
Yamnil 484 136
LGY 503 14.1
gean 153 4.3
GAXRN 727 20.4
ana 458 12.8
nsiANNEzaInYeIUINgn
0-2U (N = 1,429)
g9lallgivin 131 9.2
1488 406 28.4
IRIENIE=H) 892 62.4
3-5U (N = 1,639)
g9lallgivin 32 1.9
1dgn 58 35
WUSIAD 1,549 94.5
a1599 2 Auiasviauadvesgualunisguavasininnouliiuuemuen 21 Suiui
Table 2 Knowledge and attitudes of caregivers before using 21-day Chatbot
fauds U (AL) fovaz
aguaaniivanzanlunisidnuuuin
Hauaiiigneny 12 Y fimwg (N = 571) 468 82.0
douaiiigneny 2-3 U dmwi (N = 651) 479 736
Hauaiiigneny 3-5 Y fimwg (N = 592) 479 80.9
é’@u,aﬁﬂ'.i'mﬁﬁ"mﬁ'nmwé’aﬁuum‘lﬂv‘iﬂﬁﬂuazmﬂ (N = 1,904) 1,185 62.2
fauadndituinusy Lilddusssumavaadnmnau (N = 1,791) 990 55.3
dauafndnistsduuuseiiulivinldgnnaanisudseiiu (N = 2,284) 879 38.5
Q’g}Ltaﬁﬂ'j']meyuaatﬁnﬁmm:am‘lumi;ﬁnuufaﬁn (N = 1,868)
8 Loy 352 188
1 y7utuly 1,149 61.5
SOl 367 19.6
mmﬂuﬁaamsﬁﬂ%’mﬁﬂu (N = 2,689)
Fausfludusnsen 1,641 61.0
selithuindu a16 155
solvdiluvaned 632 235
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Table 3 Positive knowledge, attitude and practice of caregivers after using 21-day Chatbot
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NAUAGR
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Figure 1 Percentage of 21-day Chatbot engagement
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Table 4 Characteristics of samples for in-depth interview
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Abstract

The aim of this study was (1) to identify sealant retention and caries on sealed teeth among primary school
students by follow-up time, (2) to compare sealant retention between mobile dental clinic and hospital clinic and (3)
to compare caries between sealed and non-sealed teeth. The searching was done from two data sources; journals
related to dental health from 1993-2022, citation and PubMed database. Among the total of 3,832 publications, 17
were selected according to the inclusion criteria. The result showed that the percentages of complete retention at
6-12, 13-24 and 25-60 months were 53.80, 32.84 and 24.43, respectively and the percentages of caries on sealed
teeth at 6-12, 18-36 and 60 months were 5.78, 20.09 and 26.66. Compared between hospital and mobile dental
clinics at 12 months, the odd ratio of complete retention was 1.79 times (95% Cl = 1.18, 2.61). The odd ratio of
caries on teeth receiving sealant and those not receiving sealant at 24 months was 1.44 (95% Cl = 0.81, 2.69). In
conclusion, the effectiveness of the school sealant in Thai was low, both of sealant retention and caries prevention.
Dental sealants provided in hospital clinic showed more complete retention than mobile clinic. Caries on sealed
teeth lower than non-sealed teeth. This study suggested measures to increase the effectiveness of dental sealants;
assessment of dental sealant and re-sealant in needed children i.e. high-risk caries or loss of sealant retention.

Strategies to enhance accessibility to dental services should be considered along with ensuring service quality.

Keywords: Dental Sealant, Complete retention, Primary school children, Effectiveness, Caries

Received Date: Apr 10, 2022
doi: 10.14456/jdat.2023.21

Revised Date: May 8, 2022 Accepted Date: Jun 23, 2023

fAnstaifieafiuunaany ;

arua Besiind mheideiunummemansifassindifionisguanasduaiuguamdesuinsyes 2 aiiuanssudesiu
AMLTIUALNVEANERNT NNINYISEIUAIUATUNS 2.899a1 Useinelng 90110 Tns: 074-287602 Blua: stianviwat@gmail.com
Correspondence to:

Sukanya Tianviwat, Evidence-based Dentistry for Oral Health Care and Promotion Phase Il Research Unit, Preventive Department, Prince

of Songkla University, Hatyai, Songkhla, 90110, Thailand. Tel: 074-287602, E-mail: stianviwat@gmail.com

UNUI

PNTBUHANITANTINANIAVN NI NI
AsIN 8 Usznalne dinviumansisagy nsueunsiy wuin
Taftunluiluwivesdnngueny 12 U Situniddlalasunis
Shwisewaz 31.5 HituyszerSudusaeas 21.1 ditusy/now/en
Sauay 52.0' FeuunluuvedlsanaulanIldoeuius1891Y

& o | < o <, Ao W
assneunth eglsnnulsalundsnadulymavninidfgy
TunguinieBeu Bansenusetaymauninveadnlnensuas
danasiorunasesifesayidenaiazelidng
o Ao w Y

wnsnistunmstesiuituniddglulagdu uenan
nswlseiiussedflunaugeslsdegwaiuane n1sly
geslsniatuluguuuudu 9 nsnIuANMIUSIAAR M

PxY = & | A
wazn1sliviungudnet nisindeunqusesiluluiiuniivgy

| = & o a vo ) | v
sositudndunnsnslesiuiiugilasuniseeuiuetianineg
nauaglasumsuusthlisfiunmsdussiuynnauas g’
TnemsindounausesiiluindoiSeu (school sealant program)
Iafunsiugihein Community Preventive Services Task Force
(CPSTR) wunanmnsalasiunmsinilugludnls Inefiansan

o a o caa oA A . 3
NN R sEdnYnlaudReiioas (strong evidence)
Hatunsdasiuituuesmsinfounausesiiuduiy

~ a | ¢ & | a
nsEaRnetNaNysaivasasinfiourausesiiy Tulsemed
Wannuanlasinisindeungusesiiuidliunislussiuguwy
lnslangegnginsadeunausssiulviudnSeudssay
audisndueg1en® luusamelne lassmsndeunausosity
TatuiinSeudszau@nu laaniun1sunaas w.a. 2539 taedl

200 J DENT ASSOC THAI' VOL.73 NO.3 JULY - SEPTEMBER 2023



Tssmenunagauunidliulasinsinieungusesity
TrfuinSeudszaudne waguinisaduanuludnway
TAsenssesulsewalud w.a. 2548 Wusuun® nelud w.a.
2548-2550 siiun1siutalassnsavantadnlnediugm’ Inns
UImslasamslagangeuinisluiugliusnisuuu Vertical
program sioaThul w.a. 2551-2553 diesun1snseduliiingg
Jauiniseeesiaile usmslaenseaulmhiddeyalussuy
Buanla uazdrgrmmauunuiiitoua Inensasszeziiily
FHunsuwBsnvaIlnSeutuUsTanAnw N 1 Tul w.e. 2554-
2556 fulguignesmuriunnssy® usnisindeunausesily
TutihSeutulszanfnwUi 1-6 Waziiu comprehensive care
TulinGeutudszaudnuti 1 lutagtusaust w.e. 2563-2564
Tassmslivaeuuuuumsuimsdanisidudiemuseuinig
(Fee schedule) usmainsieungusesiiulutdnBeutulszay
= Al | a
ANwIUTN 1-6 IINAITNUNIUITTUNTTUNUNANSUSEL UG
1Asansiuanta nlnefluansidunisiul w.e. 2548-2550°
Tnetineuilisunisiedounquiesilufilu Jupsanilsves
o A v Yo & | = Ko '
inFeunlilasunisindeurgusesiiukasnisdnuifanud
lassmsaanarwvibiiansianssuuusnsviungunwly
FMINDNME WBNINULNTANINUANLLANAIUBIUSTAVITHS
mandeurausesiiululsemalneiuisUsemareudenn
Tnen1sinfined wauysaivessndeunqusesiiuluseusig
Useimeaiiszeenan 12 3 4 uay 5 U egiisevay 52.7-91.0
74.7-85.0 61.7-81.0 76.0 @y 69.0 Aua19u’ @1unisAnen
Tudszwmelnefisvesian 12 uaz 3 U egWiseay 19.6-67.7
8.9-41.8 waw 0-52.1 Mua1fy’ FanuINNseaLIaLfeINull
AVIULANFAAULIN uaﬂmﬂﬁé’ﬁwmuﬁmmﬁﬁmﬁwh
Hunlasunisiedeungusesiluiiganitsnasemedneig’
agtunsfnwnisindeunausesitululsemelvey
A o ' = = a a o A A
fnuuntazalngidunisfinundszdnsualuszauiui
= | a a a | ) a v
FanuhiluseavinanuaneiunuuIunkazsULuunsii
a v & Ay N Ao ¢ A e ~ a |

UIMT AU TIfeiitalingussasAivefinwimstinfineene

¢ A | a av v
auyIalvesEsIATOUNQUI DIy LLazﬂ’mﬂmﬁuﬂgmm‘Wuwlm
U = 1 C% = = =1
SumsiaseuvausesitulutinSeunussesiia Wisuiieuns
gnfnogsauysalveinsindisunausesiiululsmenuia

| ) A a =) a a
wagymhigviunnssumaeud wasiUSeuiisunaiaitusluity
A Yo & | M Yo = '
nlasunsindeunauiesituwaylildsunisiniounausesily
Wisidundngrudeslssdndlunisvauinisaniuauyes
Uszwanaly

Janaunsalwazisnis

19

msAnwidunsnumwssunssuegntussuules
MTIATIERBALU (Systematic review and Meta analysis)
IneAnwUseaninavesnsinfsuvauiodiiu lngedennu
INEUIINTSI891U01 Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) Checklist guideline’
(Ui 1)

msfinuiAudutoyaann 2 unds undsusniduns
duduteyannsansifendestunuiunummenans uas
ethumans o 10 Nsanslusenlne Susin g, 2536-2565
lauA Aneransiuannveaans Ineansviuaunneeans
WMIMeNdevauwiy Wedlndviuauneans Inenansviua-
WIYIBANER SLTNE 213N STUALNYIEAMER SPNaINIaiv Ve e
NIATTUAUNNYANEN TUVINGISEAVAIUATUNS INeans
Viununveman s Ine deAsuAsuNSilsn MIaNduseuy
A1571504AY ILNATTIUNAITITUGY W NTINTVIURAUIA lng
Audumsan st Tuiiinameunsionasmedunodiin aufs
30 Aueneu w.A. 2565 lasdin1smuuaaianfey (Keywords)
wndeunquInaily wWwnUszaufny) Uszaudne ey PICO
frameworks 16ilLnl P (participants) Ao wfinUszandnen
WniFeudszaudn | (interventions) Ae indouvausesily
wwanunauUazIesily C (comparison) Aie Win/dnisew/nau
lsllasuuinsindeunausesiiu O (outcomes) As Msiindn
g vauysal dulslsy fuy nstosiu

a o

LN EDINLeNES89DI AN luUS T AlNe

N

wagguteya Pubmed Mvuarndfey e (sealant) AND
((primary school) OR (children)) AND (thai) Tnedududu
U wa. 2539 - 2565 Gamsdadensuideiiieiumuniu
nsgsilaeiinide 3 vivu Taeinasidatn iuns@nufiien
YasfuUsEavanaveInsiAdeuNauseiiy wazan 1zl
JunsnwnlunguidmnefetnFoudszaudne uazns
Anwnluszmalnewindu daunasidaoon Bunsinylumy
unnssuduaiutiesiudu videidumsnuluesufiins
Tensnsadeuamnmwideyseliulaedide 3 viwu lunsdl
fifidpsunamiAdoudmuindmsUssdiumenadelinssiu
i Uszyiovdaaz (consensus) edosiloUseiiun
Iy (Critical Appraisal Tools) TduuuUsziiiu Quality

Assessment Tool for Observational Cohort and Cross-Sectional

Studies nau9ia1n The National Institutes of Health (NIH)*
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Identification of new studies via Thai journals

Records removed before
screening:

Records removed for other
reasons (N=3793)

Records identified from:
Databases (n=3832)

v

Records screened (n=39)

Reports excluded (n=27)
Lab study = 18
Material studies = 2
Hypocalcification teeth = 1
All teeth (not specific) = 2
No retention rate = 2
Same data set =1
Cost effectiveness = 1

v

Report sought for retrieval >
(n=39)

v

Reports assessed for
eligibility (n=12)

v

Total studies included in
review (n=17)

FUT T waunIm PRISMA
Figure 1 PRISMA Flow Chart
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Review Manager version 5.4
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Identification of new studies via from citation and PubMed

Records identified from:
Citation search (n=24)

Report sought for retrieval

Reports not retrieved (n=0
(n=24) P =t

Reports excluded (n=19)
not in Thai = 10
not study dental sealant
effectiveness = 8
combination of package
(sealant plus program) = 1

Reports assessed for
eligibility (n=5)
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Abstract

The purpose of this study was to analyze the total provider cost of three oral health service delivery models.
Dental services were provided in sub-district health-promoting hospitals in three Contracted Units of Primary Care
(CUPs) by a fixation of dental nurses (Model 1), a rotation of dental personnel from the hospital once a week (Model 2),
or a combination of fixed dental nurses and rotation of dental personnel from the hospital once a month (Model
3). The design was a retrospective study. Population was all CUPs in the 11" health region of Thailand. Purposive
sampling of one CUP per model was carried out in accordance with the criteria, implementation of such models for
at least three fiscal years (Fiscal year 2018 - 2020) and high level of data collection cooperation. Total direct costs of
providers in fiscal year 2020, including capital costs, labor costs, and material costs, were collected by data collection
forms, which were tested for quality by the consensus agreement of the three experts. Data analysis consisted of total
provider cost analysis and sensitivity analysis using Microsoft Excel version 2016. The results showed that the total
provider cost per client and per visit for Model 1, Model 2, and Model 3 were 284, 188, and 319 baht per client and
171,132, and 175 baht per visit, respectively. The results of a one-way sensitivity analysis of indirect cost percentage
and number of clients for the past three fiscal years present a similar trend as the base case. The lowest to highest
provider costs were as follows: Model 2, Model 1, and Model 3. In conclusion, A CUP that provided dental services
in sub-district health promoting hospitals by rotating dental personnel from the hospital once a week was the most

economically valuable of the three patterns.
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Table 1 Characteristics of Contracted Units of Primary Care (CUPs)
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Table 2 Characteristics of providers
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Table 3 Total provider cost
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Table 4 Total provider cost for sensitivity analysis: Adjusted indlirect cost percentage
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Table 5 Number of clients and total provider cost for sensitivity analysis: Adjusted number of clients for the past three fiscal years
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Effect of Silanized Nano-alumina Reinforcement on Flexural Strength of
Auto-polymerized Acrylic Resins
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Abstract

Denture base fracture is often found as a primary clinical mode failure because of low flexural strength and
repetitive stress. The fabrication of new dentures incurs high expenses and is time-consuming. Purpose: The aim
of this study was to evaluate the flexural strength of auto-polymerized acrylic resins reinforced with 0.5, 1, 3, 10
weight % silane-treated nano-aluminum oxide particles. Seventy-two rectangular (ISO standard 20795-1) acrylic resins
were fabricated and divided into six groups (n=12). Two control groups were an unmodified heat-polymerized acrylic
resin group and auto-polymerized acrylic resin group. The others were experimental groups incorporated with 0.5, 1, 3
and 10 weight % silane-treated nano-aluminum oxide particles. The flexural strength was measured by a three-point
bending test. One-way ANOVA and Tukey Honestly Significant Difference (HSD) were used for statistical analysis. The
means flexural strength of silane-treated nano-alumina reinforced auto-polymerized groups (Groups SA0.5, SA1, SA3
and SA10) (136.63, 128.46, 125.61 and 121.53 MPa) were significantly improved compared to that of the control
self-cured group (Group SC) (111.49 MPa) (p<0.05). Group SA0.5 showed the highest mean flexural strength compared
to group SA10 and SC. Group SA0.5 also had the mean flexural strength almost as high as group HC. The flexural
strength of auto-polymerized acrylic resins with low weight percentages of silane-treated nano-alumina tended to be
higher than those with high weight percentages of silane-treated nano-alumina. Flexural strength of auto-polymerized

acrylic resins reinforced with nano-alumina at 0.5 weight percent was comparable to that of heat-cured acrylic resins.

Keywords: Auto-polymerized acrylic resins, Flexural strength, Reinforcement, Alumina, Nano-alumina

Received Date: Feb 22, 2022 Revised Date: Mar 23, 2023 Accepted Date: Jul 5, 2023
doi: 10.14456/jdat.2023.23

Correspondence to:

Uraivichaikul Duangjai, Department of Prosthodontics, College of Dental Medicine, Rangsit University, Pathum Thani, Thailand.

Email: Duangjai.jersu.ac.th

Introduction

A study by Johnston and colleagues showed force." Fractured acrylic resin denture bases are commonly
that 68 % of acrylic resin dentures broke within a few repaired instead of making new dental prostheses due
years after fabrication because of the flexural fatigue due to cost and time saving. After being repaired, dentures’
to low flexural strength caused by repeatable intraoral durability does not last long. Dentures are more often
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broken in auto-polymerized repaired denture than in heat-
polymerized repaired denture. Denture repair depends
on several factors: material type, surface design, material
reinforcement and surface treatment.”

Different materials are used in reinforcement
and repair of denture base, including heat-polymerized,
auto-polymerizing, and light-polymerized acrylic resins.”
Heat-polymerized repairs are rarely performed due to
difficult laboratory processes and long polymerization
time compared to auto-polymerized repairs. Therefore,
auto-polymerized repairs are commonly used.® There
are many surface designs that influence flexural strength
or transverse strength of the repaired denture base. A
previous study showed that rounded joint provided more
transverse strength than rabbeted joint and butt joint.”
In addition, the 45° bevel of the repaired surface had a
significant impact on the transverse strength of the repaired
denture base, resulting in the highest strength value.®

There are many recommended methods to
reinforce the material used for denture base fabrication,
such as chemical modification to prepare high impact resin
and mechanical reinforcement with glass fibers, sapphire
whiskers, carbon fibers, nylon polyethylene fibers, aramid
fibers and zirconia.” Glass fiber addition leads to higher
impact strength and improved flexural strength of PMMA.®
The current meta-analysis showed that reinforcement
of PMMA considerably enhanced flexural strength and
impact strength.” Titanium, zirconia and nano-zirconia
reinforcement also contributed to an increase in flexural
and impact strength of PMMA.'*** A recent study showed
that the use of nano-zirconia reinforcement could enhance
the transverse strength of repaired acrylic denture bases."”
The incorporation of 0.75%-ZrO, or 0.25%-Si0, into repaired
resin increases repair strength.'* Compression strength and
hardness are also increased with increasing the volume
fraction of nano-aluminum oxide and nano-silicon dioxide
particles in PMMA. The addition of nano-aluminum oxide
particles has more considerable effect than the addition
of nano-silicon dioxide.”” However, the use of metal powder
filler has caused the dentures to be unaesthetic. Ideally,

metal powder should be incorporated into the resin and

increases strength without affecting other properties.
Ceramic filler is more preferable for reinforcement of
acrylic resins than metal filler because of its low density
and being white. Thus they are less likely to alter the
finished appearance of the denture base material compared
to metal powders. ' Furthermore, previous studies demon-
strated an increase in flexural strength by adding metal
oxides (alumina, tin, silver and zirconia) and sapphire
whiskers.” ' Addition of alumina improves the properties of
acrylic resin. For instance, an increase in thermal conductivity
results from alumina reinforcement on PMMA." Reinforcing
PMMA with alumina also contributes to better flexural
strength, impact strength, compressive strength, tensile
strength, and surface hardness of the acrylic resin.”"’ A
previous study reported that current silane coupling agents
promoted the bonding of resin composite to dental
restorative materials.? Besides, the addition of 3-(trimeth-
oxysilyl) propyl methacrylate in hydroxyapatite (HA)
reinforced poly methyl methacrylate (PMMA) could
enhance the mechanical properties by strengthening the
chemical bonding and increasing mechanical interlocking
between HA and PMMA.*' Therefore, the application of
silane on nano-aluminum oxide particles reinforced in
self-cured acrylic resins was used in the study.
Aluminum oxide particles are commonly used
as a sandblasting media especially in dentistry in order
to increase mechanical retention of dental materials
such as porcelain and full metals. Generally, aluminum
oxide referred to as alumina, possesses strong ionic
interatomic bonding, offering many interesting material
characteristics. It can exist in several crystalline phases,
all of which revert to the most stable hexagonal alpha
phase at elevated temperatures. This is the phase of
particular interest for structural applications. Alpha
phase alumina is the strongest and the stiffest of the
oxide ceramics. It has high hardness, excellent dielectric
properties, refractoriness, and good thermal properties
which result in a wide range of its applications in dentistry.”
Antimicrobial properties are considered a desirable char-
acteristic that nanoparticles should obtain. Aluminum

oxide nanoparticles have wide range of dental applications
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and are also known to possess antimicrobial properties in
the dental aspect. Alumina shows a mild bacterial gsrowth-
inhibitory effect, but only at very high concentrations.”
Another research presented that the antimicrobial
properties of nanoparticles containing formulations
were increased.”

Furthermore, there have been many studies
presenting the effect of particle size and percentage of
concentration of particles on flexural strength of acrylic
resin. Addition of 10 weight % and 15 weight % of alumina
powder to heat cure acrylic resin improves the flexural
strength.”**® Saritha MK.., et al. 2012 also found that 5
weight % of 5-22 pm. untreated alumina particles improved
flexural strength by 13.99 %.”" Jasim BS, Ismail IJ, 2014
found that 1 weight % treated nanofillers of alumina
increased flexural strength by 24%.”* Improved flexural
strength can also be explained via the phenomenon
of transformation. ALZO3 is found in many crystalline
phases, and all filler particles revert to the most stable
hexagonal alpha phase at elevated temperatures. Its
structural application is interesting.'® Transformation
phenomenon appears and reduces crack propagation
when enough stress develops and microcracks begin to
propagate. As a result, even distribution of the filler within
the matrix can stop or deflect cracks.’*”" Furthermore,
0.2 % of 20 nm TiO, nano particles content increases the
flexural strength of cold cured PMMA.”" Nanofillers are
more effective than microfillers at lower concentrations.

In addition, the use of alumina particle treated
with silane coupling agent leads to considerable increase
in properties of acrylic resin as compared to untreated
particles because it improves the surface bonding of
filler and resin matrix. Silane coupling agent playes an
important role in improving repair bond strength because
it increases bonding surface area and wets the repair
area and fills microspores interlocking the repair material
within irregularities.” Silane coupling agents contain
inorganic reactive groups on silicon and bond well to most
inorganic substrates, especially if the substrate contains

silicon, aluminum, or most heavy metals in its structure.

Once a silane coupling agent is attached to an inorganic
surface, it assumes the surface reactivity properties of
the attached organic group. Consequently, the treated
surface acquires the surface energy characteristics of the
organic group, thus transforming into a reactive surface
based on the reactivity of the organofunctional group
present in the silane coupling agent. A silane coupling
agent can be selected to give the surface whatever
property is desired to transform the nature of the surface
into whatever is needed to allow optimization of the
inorganic material for the intended use. Previously, a
study presented that 10 weight % treated particle with
silane coupling agent 18-23 pm particles led to 23.86 %
increase in flexural strength whereas non-silanized
resulted in 5.46 % increase in the flexural strength.”
Therefore, the application of silane on nano-aluminum
oxide particles reinforced in self-cured acrylic resins was
used in the study.

The objective of the study was to compare the
effects of silane-treated nano-aluminum oxide reinforcement
with weight percentages of 0.5, 1, 3, and 10 on the flexural
strength of auto-polymerized acrylic resins. The hypothesis
of the study was that different weight percentages of
silanized nano-alumina particles did not significantly affect

the flexural strength of auto-polymerized acrylic resins.

Materials and methods

1. Specimen preparation

Seventy-two rectangular (64*10%3.3 mm.>)*(ISO
standard 20795-1) acrylic resin specimens were fabricated
and divided into six groups (n=12). Two control groups
were an unmodified heat-polymerized acrylic resin group
and an unmodified auto-polymerized acrylic resin group.
The others were experimental groups which were auto-
polymerized acrylic resin group reinforced with 0.5, 1,
3 and 10 weight percent silane-treated nano-aluminum
oxide particles. The materials used in this study were listed
in table 1 whereas coding according to reinforcement
material used for reinforcing process of each group was

shown in table 2.

Duangjai et al., 2023 223



Table 1 Materials used in this study

Materials

Use of materials

Compositions

Manufacturer

Heat-polymerized

acrylic resins

Denture base

processing

Powder: 95% PMMA, 4% plasticizer,
1% benzoyl peroxide

Liquid: 90% MMA, 10% dimethacrylate,
catalyst

Meliodent KULZER MITSUI Chemicals

group, Heraeus Kulzer Gmbh,
Tokyo, Japan
LOT no. U010174

Auto-polymerized

Denture base

Powder: PMMA, benzoyl peroxide,

Tokuso® Cure fast, Tokuyama

acrylic resins processing Di-isobutyl phthalate Dental Corporation, Japan
Liquid: Methyl methacrylate, LOT no. 128E62
Hydroquinone, N, N-dimethy!l-para-
toluidine, Butyl or Octyl methacrylate
Glycol dimethacrylate

Silane coupling agent Silanization 1% 3- methacryloxypropyl KBM 503, Shin-Etsu Chemical,

(MPS)

trimethoxysilane ethanol/water-

based solvent, acetic acid

Tokyo, Japan
LOT no. Z02CFS

Nano-alumina particles

with diameter 20 nm.

Reinforcement

Ales, gamma, 99+9%, 20 nm.

US Research Nanomaterials, Inc.,
Houston USA
LOT no. US3023

320-grit silicon

carbide paper

Finishing and
polishing

C 0.07%, SiC 93.9%, FeZO3 0.64%,
Si 0.79%, AlZO3 0.25%, CaO 0.20%,
SiO2 4.11%

TOA Paint Public Company
Limited, Thailand
LOT no. 202112

Table 2 Controlled groups, experimental groups and coding according to reinforcement material used for reinforcing process

Group code Reinforcement material used for reinforcing process
HC Unmodified heat polymerized acrylic resin specimens (control)
SC Unmodified auto-polymerized acrylic resin specimens (control)
SA0.5 Auto-polymerized acrylic resin specimens reinforced with 0.5 weight % silane-treated
nano-aluminum oxide particles (20 nm.)
SA1 Auto-polymerized acrylic resin specimens reinforced with 1 weight % silane-treated nano-aluminum
oxide particles (20 nm.)
SA3 Auto-polymerized acrylic resin specimens reinforced with 3 weight % silane-treated nano-aluminum
oxide particles (20 nm.)
SA10 Auto-polymerized acrylic resin specimens reinforced with 10 weight % silane-treated nano-aluminum

oxide particles (20 nm.)

Nano-aluminum oxide particles (20 nm.) (US weighing machine. Then, 0.1% silane coupling agent MPS

Research Nanomaterials, Inc., Houston USA) was used as (3-methacryloxy propyl trimethoxysilane) (KBM 503, Shin-Etsu
a reinforcement material in this study. It was preweighed

into 0.5 weight %, 1 weight %, 3 weight %, and 10 weight %

Chemical, Tokyo, Japan) was measured using micropipette
(10-100 pl. size, SCILAB) according to Arkle’s equation.™

of auto-polymerized acrylic resin particles using an electronic
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amount of silane (g) =

amount of filler (g) x surface area (m?/g)

minimum coating area of silane coupling agent (m?/g)

Silane was applied to coat the preweighed
nano-aluminum oxide particles using a microbrush and
waited to dry for 1 minute. Then, mixing of preweighed
0.5 weight %, 1 weight %, 3 weight %, and 10 weight %
nano-aluminum oxide powder with resin polymer powder
(50 mg.) was done using a magnetic stirrer (IKA C-MAG HS7),
in order to achieve an equal distribution of particles and
uniform consistency.”

AULPMMA specimens were prepared using a heavy-
body condensation silicone mold made of rectangular
custom-made acrylic blocks. For auto-polymerized acrylic
resin specimens, the simple mixing of auto-polymerized
acrylic resin powder with a liquid monomer was done,
according to the manufacture’s recommendations. First,
measured liquid monomer was poured into the rubber
cup. Then, prepared auto-polymerized acrylic resin powder
for unmodified auto-polymerized acrylic resin specimens
and prepared nano-alumina reinforced auto-polymerized
acrylic resin power for reinforced specimens was mixed
with the liquid monomer within 15 seconds of working
time. Later, the mixture was poured into the mold slightly
in excess in order to compensate for the polymerization
shrinkage and the glass slide was put on the top of the
mold to stabilize the mold until it was set within 2 minutes
and 30 seconds. After that, the mold was placed in water
at a temperature of 50°C for 5 minutes to ensure a complete
polymerization reaction.

For unmodified heat polymerized acrylic resin
specimens, pink wax was melted and placed into the
silicone mold where glass slides were used to control
the thickness of the rectangular wax pieces. The rectangular
wax pieces were invested in a metal flask with dental
stone. Then, the flasks were placed in a scalding unit for
wax boil-out (100°C, 5 minutes). After that, the flasks were
left the rectangular shaped mold cavity in the dental

stone, which was used as matrix for the fabrication of

specimens. Separating medium was applied to the stone
mold. Heat-polymerized acrylic resin powder was mixed
with prepared liquid monomer. The mixture was then
poured into the stone mold. Packing and processing of
specimens was done according to manufacturer’s instructions.
The upper and lower flasks were closed and maintained
under 200 Ibs of compression for 30 minutes. The flasks
were removed from the hydraulic pressure and cooled
over the bench for 150 minutes. The curing procedure
was processed by placing the flasks in the water bath at
71°C for 9 hours.” Flasks were allowed to cool to room
temperature overnight before opening and deflasking.
The specimens were removed from the mold. Finally,
all specimens were finished, and polished with 320-grit
silicon carbide paper (TOA, Thailand) using a polishing
machine (Presi Minitech 233). They were later stored in
distilled water in an incubator at 37°C for 2 days before
flexural strength testing.*
2. Flexural strength testing

Before conducting flexural strength testing,
the size of each specimen was examined using a digital
micrometer (minimum reading: 0.001 mm, Digimatic
Micrometer Mitutoyo Corp., Kanagawa, Japan) to ensure
the accuracy of the specimens. The flexural strength of
the specimens was determined using a 3-point bending
testing device in a universal testing machine (EZ test,
Shimadzu, Japan) (Fig. 1). The device was composed of a
loading wedge and a pair of adjustable supporting wedges
placed 50 mm apart. The specimens were centered on
the device in such a way that the loading wedge engaged
the center of the upper surface of the specimens and a
crosshead speed was set at 5 mm/min. Specimens were
loaded until fracture occurred. According to the formula
below, the flexural strength was calculated.”
3PI
2bd?

S =
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Sis the flexural strength (N/mm?), P is the fracture
load (N), l'is the distance between the supporting wedges
(mm), bis the specimen width (mm), and d is the specimen

thickness (mm).

Figure 1 EZ test, Shimadzu, Japan

3. Visual surface analysis

A scanning electron microscope (FEI QUANTA FEI
200, FEI Company, Oregon, USA) was used to visualize
the surface topography and examine the filler distribution
in the polymer matrix of the control and the experimental
specimens. It was also used to analyze the mode of
failure of each experimental specimen. Definition of each
mode of failure is described as follows. Adhesive failure
means that fracture occurs between the interface of silane-
treated aluminum oxide particles and PMMA. Cohesive
failure means that fracture occurs between PMMA and
PMMA. Mixture of adhesive and cohesive failure means
that fracture occurs between the interface of silane-treated
aluminum oxide particles and PMMA (adhesive failure)
and between PMMA and PMMA (cohesive failure). One
sample from each group was coated with gold by Gold
Coater Jeol Model JFC-1200 and visualized at 1500x

magnification. An attempt was done to focus on a presenting
area and adjustment of the higher magnification while
remaining on the same area was also done.
4. Statistical analysis

Data analysis was performed using SPSS software
version 23, SPSS Inc, IRM corp, Chicago IL, USA at 95%
confidence of level. A p-value < 0.05 was considered
statistically significant. The test of normality was achieved
by using Kolmogorov-Smirnov’s test. Mean flexural strength
values were compared between different groups using
one-way ANOVA. Then, the Post-Hoc or Multiple Comparison
test was used to determine which of the paired means
amongst a set of means was significantly different from
the rest. Tukey’s Honestly Significant Difference (HSD) test
was selected for a pair-wise comparison due to the equal

number of sample sizes in each set of data.

As illustrated in figure 2 and table 3, while

investigating differences in the flexural strength of auto-
polymerized acrylic resins amongst the different weight
percentages of nano-aluminum oxide particles and the
two control groups, the alternative hypothesis was accepted.
There were statistically significant differences in the flexural
strength amongst different amount of nano-alumina
reinforced auto-polymerized acrylic resins groups and
unreinforced auto-polymerized acrylic resins and unreinforced
heat-polymerized acrylic resins.

The mean flexural strength of group SA0.5 was
136.63 MPa which was not statically significant (p>0.05)
lower than that of unmodified heat-cured group (group
HC) which was 138.35 MPa. On the contrary, the mean
flexural strength of other reinforced auto-polymerized
groups (group SA1, SA3 and SA10) and unmodified
self-cured group (SC) were 128.46, 125.61, 121.53 MPa,
and 111.49 MPa respectively, which were statistically
significant lower than that of unmodified heat-cured

group (group HQO) (p<0.001).
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Figure 2 The effect of difference weight percentages of nano-aluminum oxide particle reinforcement on the flexural strength of

acrylic resins

Table 3 The statistic results of descriptive analysis

Group N Mean Std. Deviation

SC 12 111.49° 3.43
SA0.5 12 136.63° 4.88

SA1 12 128.46° 3.86

SA3 12 125.61° 4.44
SA10 12 121.53% 3.73

HC 12 138.35" 9.49
Total 72 127.01 10.53

*Groups with the same lowercase superscripted letter indicated no significant differences between groups at p-value<0.05.
P p P 9

Lastly, multiple comparisons were conducted to
investigate whether every combination was significantly
different in flexural strength from other combinations or
not. As presented in table 3, the mean flexural strength of
unreinforced auto-polymerized group (group SC) was the
lowest (111.49 MPa) compared to other groups (p<0.001)
whereas the mean flexural strength of unreinforced heat-
polymerized group was the highest (138.35 MPa) (p<0.05)
which was comparable to that of 0.5% silane-treated
nano-alumina reinforced auto-polymerized group (group
SAQ.5) (136.63 MPa).

From previous data, it can be concluded that
different percent by weight of silane-treated nano-alumina
reinforcement also influenced flexural strength of auto-
polymerized acrylic resins. In auto-polymerized acrylic

resins, 0.5% by weight of silane-treated nano-alumina

reinforcement could improve flexural strength and was
superior to 3% and 10% by weight of silane-treated na-
no-alumina reinforcement. Furthermore, 0.5% by weight
of silane-treated nano-alumina reinforced self-cured acrylic
resins had the flexural strength as high as unreinforced
heat-cured acrylic resins.

SEMimages shown in fisure 3 were taken from the
fractured surface of nano-aluminum oxide reinforced self-
cured PMMA specimens. Results of the SEM study showed that
the nano-aluminum oxide particles in reinforced self-curing
PMMA specimens were widely and evenly distributed
within the resin matrix. The presence of reinforced particles
alsoincreased as the weight percentage of reinforcement
increased. Moreover, the SEM images showed that the
shape of nano-aluminum oxide particles was spherical

and the size of nano-aluminum oxide particles was equal
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among groups. As shown in figure 4, the images also revealed (cohesive failure). Mode of failure of each group was presented
that a mode of failure for the specimens was a mixture of in table 4. Control groups (Group HC and SC) experienced
cohesive and adhesive failures. Fracture occurred between 100% cohesive failure while the other experimental groups
the interface of silane-treated aluminum oxide particles (Groups SA0.5, SA1, SA3, SA10) experienced a 100% mixture
and PMMA (adhesive failure) and between PMMA and PMMA of cohesive and adhesive failures.

Figure 3 Scanning electron microscope images of PMMA specimens (1500 magnification). The red arrow indicates the reinforced
particle. SA0.5: fractured surface of 0.5% nano-alumina reinforced self-cured PMMA specimen, SA1: fractured surface of
1% nano-alumina reinforced self-cured PMMA specimen, SA3: fractured surface of 3% nano-alumina reinforced self-cured
PMMA specimen, SA10: fractured surface of 10% nano-alumina reinforced self-cured PMMA specimen

Figure 4 Scanning electron microscope images of poly-methylmethacrylate (PMMA) specimens (1500 magnification). The red arrow
indicates the reinforced particle, the blue arrow indicates the area that reinforced particle diminished and area of adhesive
failure, and the yellow arrow indicates area of cohesive failure. SA3: fractured surface of 3% nano-alumina reinforced self-
cured PMMA specimen, SA10: fractured surface of 10% nano alumina reinforced self-cured PMMA specimen
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Table 4 Mode of failure of each group

Group Adhesive Cohesive Mixed
HC 0% 100% 0%
SC 0% 100% 0%

SA0.5 0% 0% 100%
SA1 0% 0% 100%
SA3 0% 0% 100%

SA10 0% 0% 100%

Discussion

The result of the study demonstrated that un-
modified heat-polymerized acrylic resin had more flexural
strength than unmodified auto-polymerized acrylic resin.
It could be explained that more voids which tended to
reduce the flexural strength could be found in self-cured
acrylic resin as the recent study mentioned.””* Furthermore,
0.5%, 1%, 3%, and 10% by weight of silane-treated nano-
alumina reinforcement significantly improved the flexural
strength of auto-polymerized acrylic resins. Likewise, the
recent paper of Jasim BS, Ismail IJ (2014) and Mohammed
M. Gad, Ahmad M. Al-Thobity (2021) presented that the
flexural strength increased due to addition of small weight
percentages of alumina.'®”® From the result, 0.5% by
weight of silane-treated nano-alumina reinforcement in
auto-polymerized acrylic resins had flexural strength superior
to 3% and 10% by weight. Similarly, Tamore SH and Jyothi
KS (2018) conducted a study where they found that adding
1% and 1.5% nano-alumina to the repaired resin resulted
in enhanced flexural strength compared to the unmodified
resin.”’ The possible explanation could be that lower
amount of nanoparticles is more effective because of
their better ability of deep penetration to resin matrix.
Another reason is that the more weight % of alumina
reinforcement, the more void formation could be found.”
In addition, aluminum oxide particles were pretreated with
silane, which significantly improved the bond strength of
alumina particles to PMMA.*

SEM examination of specimens reinforced with
0.5%, 1%, 3% and 10% by weight of silane-treated nano-

aluminum oxide (ALO)) particles reinforced self-curing
acrylic resins showed a wide, equal distribution of oxide
particles within the resin matrix (Fig. 3). similarly, Vojdani M,
et al. demonstrated that specimens added with 2.5% by
weight of aluminum oxide exhibited even distribution,
as evaluated through SEM analysis. It confirms that the
technique of mixing particles using a magnetic stirrer is
acceptable and reliable. A reasonable explanation is that
using the magnetic stirrer provides uniform consistency
and reduces human errors.* In addition, the SEM examination
of the fractured surface of specimens revealed that the
mode of failure for most specimens was a mixture of
cohesive and adhesive failures. Fracture was found between
the interface of silane-treated aluminum oxide particles
and PMMA (adhesive failure), and between PMMA and
PMMA (cohesive failure). It could be explained that alu-
minum oxide reinforced particles are evenly distributed
in resin specimens, so most of the fractured areas were
a mixture of cohesive and adhesive failure. There was
hardly any adhesive failure.

One of the limitations of this study was that sur-
face voids could be found in tested specimens, although
the specimens were preselected using exclusion criteria.
PMMA has the tendency to generate submicrometer
voids.” Therefore, fracture resistance of specimens may
be influenced by void formations located within the
specimens. Furthermore, material fatigue by thermocycling
in water or artificial saliva with or without reinforcement

was not carried out to predict the success of material in
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a clinical environment, as the study was conducted in
an in vitro setting. Another limitation of this study was
that the SEM images revealed that some areas showed
larger nano-alumina particles size compared to other
areas, which was attributed to a controlled manner by
means of surface tension. This resulted in an alteration
of the particle-size distribution® Although alteration in
color of alumina reinforced specimens was not obvious,
it is better to be used in invisible denture areas such as
lingual flange of lower dentures or the palatal area of upper
dentures because discoloration and opacity of PMMA can
occur when added at high concentration.™
Auto-polymerized acrylic resins reinforced with
0.5% by weight of silane-treated nano-alumina particles
had the flexural strength almost as high as unreinforced
heat-polymerized acrylic resins. Fortunately, 0.5 weight%
silane-treated nano-alumina can be used for reinforcement
in self-cured acrylic resins which are mostly chosen as denture
repair materials. The extended longevity of dentures
contributes to increased patient satisfaction. However,
further research is required to examine cytotoxicity, aging
effect and physical properties such as color stability and
surface roughness of these reinforced denture base materials

before clinical application.

Conclusions

According to the obtained results and the
mentioned limitations, the following conclusions can
be drawn:

1. Alteration of percent by weight of silane-treated
nano-alumina reinforcement resulted in differences in
the flexural strength of auto-polymerized acrylic resins.
Self-cured acrylic resins incorporated with low weight
percentages of silane-treated nano-alumina had better
flexural strength than those incorporated with high weight
percentages of silane-treated nano-alumina.

2. Auto-polymerized acrylic resins reinforced with 0.5%
by weight of silane-treated nano-alumina paticles
demonstrated the flexural strength almost as high as

unreinforced heat-polymerized acrylic resins.
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