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Instruction for Authors

The Journal of the Dental Association of Thailand
welcome submissions from the field of Dentistry and
related science. We published 4 issues per year in March,
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Categories of the Articles

1. Review Articles: an article with technical
knowledge collected from journals or
textbooks and is profoundly analyzed and
criticized.

2. Case Reports: a short report of an update case
or case series related to dental field which has
been carefully analyzed and criticized with
scientific observation.

3. Original Articles: a research report which has
never been published elsewhere and represent
new and significant contributions to the field of
Dentistry.

4. Letter to the Editor: a brief question or
comment that is useful for readers

Manuscript Submission

The Journal of the Dental Association of Thailand
only accepts online submission. The manuscript must
be submitted via http://www.jdat.org. Registration by
corresponding author is required for submission.
We accept articles written in both English and Thai.
However for Thai article, English abstract is required
whereas for English article, there is no need for Thai
abstract submission. The main manuscript should be
submitted as .doc or .docx. All figures and tables should
be submitted as separated files (1 file for each figure or
table). For figures and diagrams, the acceptable file
formats are .tif, .bomp and .jpeg with resolution at least
300 dpi. with 2 MB.

Contact Address
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Manuscript Preparation

1. For English article, use font of Cordia New Style size
16 in a standard Ad paper (21.2 x 29.7 cm) with
2.5 ¢cm margin on all four sides. The manuscript

should be typewritten with double-spacing.

For Thai article, use font of Cordia New Style size 16
in a standard Ad paper (21.2 x 29.7 cm) with 2.5 cm
margin on all four sides. The manuscript should be
typewritten with 1.5 line spacing. Thai article must
also provide English abstract. All references must
be in English. For the article written in Thai, please
visit  the Royal |Institute of Thailand (http://
www.royin.go.th) for the assigned Thai medical and
technical terms. The original English words must be
put in the parenthesis mentioned at the first time.
Numbers of page must be placed on the top right
corner.The length of article should be 10-12 pages
including the maximum of 5 figures, 5 tables and 40
references for original articles. (The numbers of
references are not limited for review article)

. Measurement units such as length, height, weight,

capacity etc. should be in metric units. Temperature
should be in degree Celsius. Pressure units should
be in mmHg. The hematologic measurement and
clinical chemistry should follow International
System Units or SI.

. Standard abbreviation must be used for abbreviation

and symbols. The abbreviation should not be
used in the title and abstract. Full words of the
abbreviation should be referred at the end of the
first abbreviation in the content except the standard
measurement units.

Position of the teeth may use full proper name such
as maxillary right canine or symbols according to FDI
two-digit notation and write full name in the
parenthesis after the first mention such as tooth 31
(mandibular left central incisor).

Every illustration including tables must be referred
in all illustrations The contents and alphabets in
the illustrations and tables must be in English.
Numbers are used in Arabic form and limited as
necessary. During the submission process, all photos
and tables must be submitted in the separate files.
Once the manuscript is accepted, an author may be
requested to resubmit the high quality photos.

Preparation of the Research Articles

1. Title Page
The first page of the article should contain the
following information
- Category of the manuscript
- Article title
- Authors’ names and affiliated institutions
- Author’s details (name, mailing address,
E-mail, telephone and FAX number)




2.Abstract

The abstract must be typed in only one paragraph.
Only English abstract is required for English article. Both
English and Thai abstracts are required for Thai article and
put in separate pages. The abstract should contain title,
objectives, methods, results and conclusion continuous-
ly without heading on each section. Do not refer any
documents, illustrations or tables in the abstract. The
teeth must be written by its proper name not by symbol.
Do not use English words in Thai abstract but translate
or transliterate it into Thai words and do not put the
original words in the parenthesis. English abstract must
not exceed 300 words. Key words (3-5 words) are written
at the end of the abstract in alphabetical order with
comma (,) in-between.

3. Text
The text of the original articles should be organized

in sections as follows

- Introduction: indicates reasons or importances of the
research, objectives, scope of the study. Introduction should
review new documents in order to show the correlation of
the contents in the article and original knowledge. It must
also clearly indicate the hypothesis.

-Materials and Methods: indicate details of

materials and methods used in the study for readers to be
able to repeat such as chemical product names, types
of experimental animals, details of patients including
sources, sex, age etc. It must also indicate name, type,
specification, and other information of materials for each
method. For a research report performed in human
subjects, authors should indicate that the study was
performed Principles  for
Medical Research and Experiment involving human
subjects such as Declaration of Helsinki 2000 or has  been
approved by the ethic committees of each

according to the ethical

institute.
- Results: Results are presentation of the discovery

of experiments or researches. It should be categorized
and related to the objectives of the articles. The results can
be presented in various forms such as words, tables, graphs
orillustrations etc. Avoid repeating the results both in tables
and in paragraph. Emphasize only important issues.

- Discussion: The topics to be discussed include the
objectives of the study, advantages and  disadvantages
of materials and methods. However, the important points
to be especially considered are the experimental results
compared directly with the concermned experimental study.
It should indicate the new discovery and/or important
issues including the conclusion from the study.

New  suggestion, and threats from the

experiments should also be informed in the discussion and

problems

indicate the ways  to make good use of the results.

- Conclusion: indicates the brief results and the

conclusions of the analysis.

- Acknowledgement: indicates the institutes or
persons helping the authors, especially on capital
sources of researches and numbers of research

funds (if any).

- References include every concemed document that

the authors referred in the articles. Names of the
journals must be abbreviated according to the
“Index Medicus”published

annually or from the website http:/Awvww.nlm.nih.gov

journal name lists in

Writing the References
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the Journals must be in Bold and Italics. The publication
year, issue and pages are listed respectively without
volume.
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The Editorial and Peer Review Process

The submitted manuscript will be reviewed by at least
2 qualified experts in the respective fields. In general, this
process takes around 4 - 8 weeks before the author be
notified whether the submitted article is accepted
for publication, rejected, or subject to revision before
acceptance.
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the review process and the acceptance of the articles.
The Editorial office will not accept a submission if the
author has not supplied all parts of the manuscript as
outlined in this document.

Copyright
Upon acceptance, copyright of the manuscript must
be transferred to the Dental Association of Thailand.
PDF files of the articles are available at
http: //www.jdat.org.
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Objectives of supportive periodontal therapy are to maintain healthy periodontium and prevent periodontal
disease progression by regular recall appointments. Clinical parameters recorded during visits can identify current
periodontal status and, moreover, can predict disease progression in the future. It is useful for treatment planning
especially in risk sites which are possible to have further loss of clinical attachment. This review article gathers
information regarding the importance and predictability in disease progression of three clinical parameters including

bleeding on probing, suppuration, and probing pocket depth during supportive periodontal therapy. Each clinical

Kamolnarumeth and Arunyanak, 2018 92



parameter can predict disease progression in different levels. To date, no clinical parameter can forecast the

attachment loss accurately.

Keyword: Bleeding on probing, Disease progression, Probing pocket depth, Supportive periodontal therapy, Suppuration
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Table 1 Clinical studies reported the predictability of bleeding on probing during supportive therapy

Clinical studies Observation time (year) CAL loss criteria BOP Predictability
Badersten et al.,1990° 5 > 1.5 mm. Frequencies > 75 % 29 %
Claffey et al., 1990’ 35 > 1.5 mm. Frequencies > 75 % 41 %
Lang et al.,1986" 4 > 2 mm. 4/4 ( recall visits ) 30 %
Rahardjo et al.,2005" 3 >3 mm. 4/4 ( recall visits ) 26 %

CAL = Clinical attachment level
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Table 2 Clinical studies reported the predictability of probing depth during supportive therapy

Predictability (CAL loss = 1.5 mm.)

Studies
Residual PD 2 7 mm. Increased PD 2 1 mm.

Badersten et al,(1990)° 52 % 78 %

Claffey et al.,(1990)° 50 % 63 %
CAL = Clinical attachment level PD = Probing depth
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Table 3 The association of site probing pocket depth and deepest probing pocket depth of a tooth with tooth loss during supportive
periodontal therapy

Odd ratio of tooth loss (ref. residual pocket depth < 3 mm.)

Residual pocket depth

Site level Tooth level
5 mm. 5.8 7.7
6 mm. 9.3 11
> 7 mm. 37.9 64.2

Ref = Reference
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Table 4 Predictability of clinical parameter(s)
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Predictability (CAL loss = 1.5 mm.)

Clinical parameter(s)

Residual PD = 7 mm.

Increased PD= 1 mm.

Probing depth (only)
PD & BOP frequency > 75 %

PD & suppuration > 2 times

68 %

87 %

CAL = Clinical attachment level PD = Probing depth

FaduAnFdYanenadn fawnsaldviunenis
ananuveslsaUiviudliinniign Aeniswu Aranuansosdn
USviusifistu 1 Sedwnstuly faufunisiimnuivesnis
Haonenuain1sinsu 1nnnindesay 75 azd@1N1savinuIeY
nsagdeszaudainiemeliviudluemnanlifosay 87°

Tifielrmstudinanitasng 4 Sruhidede
wlanaldnsatuanudusss msliaioslonsiausiusia
YUIALINTFIU WusugUEna1e 0.4-0.5 fadiuns Tdusly
mslnsuitlsiiiu 25 n3u Saufuligpereddluns ey’
wazdaunanisiidensenudinisinsundanniilnsusesdn
USiusLaIusyanm 10-15 3w’

i Yamanadnin 3 fluunanud awnsadin
Tiinunensananmeslsauiviudlusuanls ussduiiunn
insfunuina ity Tnedesrnuddgyanunniuiesldun
ANANANTBIANUITIUR N15HlEDARBNNAINITINTU Uazns
Huues wazdlofansandind iamendtnvanefusyneu
fu avanansavhuismagnanumedsauviudldinnty u
o gty Selifidatalaflanusovhunenisgnatuvestse
Usviusluswasldetnsdnnu agrdlsAmunisiansansai
Souviant] azanansatheviunumdlunisihsy Saaz sy
35N I UATLALUS w%a;liﬂwﬁwﬁ?mﬁmau WU A1SLNEAN
snilug msviaenssuUsTiug waynsimussseznaily

97 J DENT ASSOC THAI VOL.68 NO.2 APRIL - JUNE 2018

BOP = Bleeding on probing
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Sialadenoma Papilliferum of the Palate: A Case Report
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Sialadenoma papilliferum (SP) is a rare benign salivary gland tumor. Mostly, it occurs in association with
minor salivary glands, especially at the posterior palate. The typical clinical features of this tumor are asymptomatic,
slow growing, broad-based papillary projections of the oral mucosa. Here, we report a case of SP at the posterior
palate of a 57-year-old woman. After incisional biopsy, complete excision of the tumor was performed. Histopathological
examination showed parakeratinized stratified squamous epithelium which exhibits exophytic papillary projections
along with underlying fibrocollagenous vascular connective tissue containing ductal structures lined by inner
columnar cells and outer cuboidal cells. Based on these findings, the final diagnosis of SP was given. No recurrence
was observed at 12 months follow-up. Reviews of previous case reports, clinical and histopathological differential

diagnosis are discussed.
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Sialadenoma papilliferum (SP) is a rare, benign
salivary gland tumor initially described and named by
Abrams and Finck’, since it has similar histological features
to the benign neoplasm of the sweat gland, syringocys-
tadenoma papilliferum. It was previously categorized in

the ductal papilloma group, along with inverted ductal
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papilloma and intraductal papilloma.” However, based
on the recent classification by WHO in 2017, SP has
been classified as a separate entity.” Unique characteristics
of SP are presented as papillary, exophytic projections
of mucosal surface and endophytic proliferation of

salivary duct epithelium.® Regarding the cellular origin



of the tumor, microscopic, immunohistochemical and
ultrastructural studies have shown that the tumor cells
exhibit features of various cell types of the salivary gland
duct apparatus. Currently, most investigators believe
that SP most likely originated from excretory ducts or
excretory duct reserve cells; however, no consensus
has been reached.*” To date, about 71 cases of SP have
been reported in the literatures written in English, with
the majority of the cases occurred in relation with minor
salivary glands especially at the palate.””*" Here, we
report another case of SP at the hard palate in a 57-year-old

female patient.

Case Report

A 57-year-old female patient came to the
Dental Clinic of HRH Princess Maha Chakri Sirindhorn
Medical Center complaining of a mass at the right posterior
hard palate. She had noticed the presence of this painless

and slow-growing mass for several months and had

never sought any kind of treatment. Other histories
including medical, dental or family history were not of
relevant significance.

Intraoral examination revealed a well-defined
and broad-based exophytic mass located at posterior
hard palate on the right side. The surface of the lesion
exhibited multiple small pink-colored papillary projections
with white areas focally. The lesion was approximately
10x15x4 mm in size, positioned adjacent to the torus
palatinus but was not associated with the upper removable
denture that the patient was wearing (Fig. 1). Radiographic
findings were unremarkable. Clinical differential diagnosis
included squamous papilloma, verruca vulgaris, verrucous
hyperplasia and verruciform xanthoma. Incisional biopsy
and subsequent complete excision under local anesthesia
were performed and specimens were submitted for
histopathological examination, from which, a diagnosis of
SP was given. Postoperative healing was uneventful and

recurrence of the lesion was not observed at 12 months

follow up.

Figure 1 Intraoral view of the well-defined, broad-based, papillomatous lesion at the posterior hard palate on the right side.

Histopathological evaluation, as shown in Figure 2,
3 and 4, revealed a dome-shaped mass, which is surfaced
by parakeratinized stratified squamous epithelium. The
surface epithelium exhibits exophytic papillary
projections with fibrovascular cores. The underlying

fibrocollagenous vascular connective tissue contains

ductal structures of variable sizes. The ductal structures
are lined by inner columnar cells and outer cuboidal
cells. The ductal lining epithelium is in continuity with
surface squamous epithelium in some areas. Small
papillary projections into ductal lumen are noted

occasionally.
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Figure 2 Histopathological findings (hematoxylin-eosin staining) (magnification x40): Parakeratinized stratified squamous surface
epithelium exhibits exophytic growth and forms papillary projections with fibrovascular cores. The underlying connective

tissue stroma exhibits ductal structures of variable sizes.

Figure 3 Histopathological findings (hematoxylin-eosin staining) (magnification x100): Transition of surface parakeratinized stratified

squamous (white arrow) to endophytic proliferation of ductal epithelium (black arrow).

Figure 4 Histopathological findings (hematoxylin-eosin staining) (magnification x400): Ductal structures are lined by inner columnar

cells and outer cuboidal cells. Small projections into the lumen are observed.
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In the 47-year period after the first report of
SP', about 71 cases of SP have been reported in the
English-language literatures as shown in Table 1. Sixty
percent of the reported SP cases were involved with
minor salivary glands, especially at the palate, at which
most of the cases occurred at the hard palate (45.1 %),
junction of hard and soft palate (9.9 %) and soft palate
(5.6 %), respectively. In addition, SP was also found at

buccal mucosa (8.5 %), upper lip (4.2 %), floor of mouth

(2.8 %), tongue (2.8 %) and retromolar pad (2.8 %). As
for major salivary glands, only involvement with parotid
gland was reported in 5.6 % of the SP cases. Interestingly,
there have been reports of a few SP cases occurring at
uncommon areas, such as in the bronchus (4.2 %),
nasal cavity (2.8 %), esophagus (2.8 %), adenoids (1.4 %)
and faucial pillar (1.4 %). Among the 71 reported SP
cases, 5 cases (7.0 %) were associated with malignant

transformation (Table 1).

Table 1 Reported cases of Sialadenoma papilliferum from 1969-2017

Sites Number of cases (Percentages) References
Total number of cases 71 (100)
Minor salivary gland
Hard palate 32 (45.1) 5-7,9-12, 15, 16, 18-24, 26, 27
Hard/Soft palate 7 ) 1,8, 13, 14, 17, 25
Buccal mucosa 6 ) 15, 18, 28-31
Soft palate 4 ) 11, 22, 24, 32
Upper lip 3(4.2) 15, 33, 34
Floor of mouth 2 ) 35, 36
Tongue 2 ) 37, 38
Retromolar pad 2 ) 39, 40
Major salivary gland
Parotid gland 4 (5.6) 1, 41-43
Other areas
Bronchus 3(4.2) 44-46
Nasal cavity 2(2.8) 47, 48
Esophagus 2(2.8) 49, 50
Adenoids 1(1.4) 51
Faucial pillar 1(1.4) 52
Malignancy association 5(7.0) 25, 32, 35, 37, 40
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Figure 5 Age distribution of the reported SP cases.

According to the literatures, SP occurred in
patients aged between 2-96 years old (mean+SD:
57.24+16.98 years) with high occurrences at the age
ranges of 50-59 (18 cases), 60-69 (16 cases), and 70-79
(13 cases), respectively (Fig. 5). In addition, the prevalence
of SP showed a male predilection demonstrated as the
male to female ratio of 1.8:1.

Clinically, SP closely resembles oral squamous
papilloma with similar features of asymptomatic and
slow-growing, papillary exophytic mass which can occur
in various areas of the oral cavity. Squamous papillomas
are known to be induced by human papillomavirus
infection.” But, so far, association between SP and
human papillomavirus infection has not been established.
Other clinical differential diagnosis includes verruca
vulgaris, verruciform xanthoma and verrucous hyperplasia.

Histopathological features of SP are unique due
to its biphasic growth pattern. Lesions that should be
considered in the histopathological differential diagnosis
include squamous papilloma, verruca vulgaris, verrucous
hyperplasia and verruciform xanthoma. Squamous
papilloma and verruca vulgaris are composed only of
exophytic component with multiple papillary projections
and fibrovascular cores. In addition, human papillomavirus-
induced cytological changes such as koilocytes can be

observed. While squamous papilloma is usually a
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pedunculated mass with stalk, verruca vulgaris is generally
a sessile mass and exhibits convergence of rete ridges
towards center of the lesion.” Verrucous hyperplasia
also demonstrates exophytic growth with sharp or
blunt-ended papillary surface due to hyperkeratosis and
acanthosis. Broad-based rete ridges are observed in
majority of cases. However, if invasion into the underlying
connective tissue are noted, a diagnosis of verrucous
carcinoma should be rendered.”** Verruciform xanthoma
demonstrates mild papillary surface with hyperkeratotic
and acanthotic epithelium. The diagnostic feature of
verruciform xanthoma is the collection of CD68, Periodic
acid Schiff-positive, diastase-resistant foam cells at the
connective tissue papilla.”** Due to overlapping features of
these lesions, adequate biopsy to include the periphery
and deep portions of the lesion and careful evaluation
of the specimen are, therefore, critical.

Origins of SP have been investigated by several
groups. Previous ultrastructural study suggested that
the tumor cells were in close resemblance with
intercalated ductal cells.”” However, more current
immunohistochemical studies supported that SP may
be derived from excretory ducts. The inner ductal cells
expressed CK 7, 8, 14, 19 and were negative for vimentin
and smooth muscle actin (SMA).** The outer myoepithelial
cells expressed p63, pd0, SMA, S-100 and Glial fibrillary



acidic protein (GFAP).*” In addition, the squamous cells
expressed CK 13 and 19.°* The histopathological
features of both squamous and ductal components as
well as the immunoprofile of tumor cells as ductal and
myoepithelial cells are most suggestive of excretory
duct or excretory duct reserve cell as origin of SP.>*
Most of the SP cases are benign in nature and
are treated by complete excision. However, to date, 2
rare SP cases with recurrence have been reported."*”
Malignant transformation of SP has been controversial.
There have been 5 published cases suggesting of
malignancy associated with SP, all of which showed
different clinical and histopathologicalal features.”"*
The first case reported malignant SP based on its ability
to metastasize.”” One other case showed only dysplastic
changes of the exophytic squamous component,”
while the other two cases reported only adenocarcinoma

of the glandular component.”*

There was only one
case which exhibited malignant features of both the
exophytic and endophytic portions.” The reported
adenocarcinoma associated with SP included epithelial-
myoepithelial carcinoma”, mucoepidermoid carcinoma®’
and cystadenocarcinoma.” Behavior and prognosis of
malignant counterpart of SP have been elusive due to

its rarity.

Informed consent from the patient has been

obtained.
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Artificial eruption (AE) is an orthodontic procedure aiming at assisting an impacted tooth to erupt and to
align with adjacent teeth for functional and/or esthetic purposes. AE of multiple or poor prognosis impacted teeth
is challenging and needs an interdisciplinary approach. The objective of this case report is to present the AE
procedures and outcomes of two cases with complicated impacted dentition. The first patient had 3 high impacted
maxillary anterior teeth of which self-eruption occurred after space in the dental arch was gained. The second
patient had a tooth impacted in a poor prognosis position. The tooth was eventually brought into the arch after a
series of attachment reposition and force direction design. All rescued teeth were well aligned with their adjacent

teeth. Periodontal status was as healthy as their counterparts on the other side of the arch.

Keywords: Complicated, Tooth impaction, Artificial eruption
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mMstuwesiiud 11, 12, 13 Tnennsvenouinsslnsuuuay
waeuilud 16, 26 Tugulnanans é’aam%qﬁamja%’“gﬁaﬂqa

weaLies (cervical pull headgear)

2. Is$nundenisseniiounnitug 11, 12, 13
13501

1. anuvasnlavie$ailu vuilud 16, 26, ldwosida
wa tenifes Lifhe ewdeuilud 16, 26 Tusulnanans
wasiiovenaldauniiuliniedy

2. vadldweiidana waiies 1Wunan 1 U wudes
esEwneiug 14, 15, 16 wazsewinadiud 24, 25, 26 910
AmaneSadunlusiun nusiud 12, 13 1edeusidiag agjﬁl
MumisRanansvosiafiud 21 (3U7 4)

3. dsUSnuiumunmddasmanstosin Wienau
iU 53 wazshdnawitendenisyindasnssu Tavlriua
wuLla (Close eruption technique) hagiunlnngdnilu
Anfianseaulane (button) Uity 12, 13 wdouiunden
anaAUadaRa Yun 0.011 - 0.012 T Udesdansain
9 2 i1 senitususesUausumion

4. Hanusninuuiiiug 21, 22, 23 leUSuseau
wazSosily TnedsliRnuusnifinuuiaiug 14, 15, 24, 25
WasuaatiioSuszauiiuauldaiandn (main arch)
AULAEERA YA 0.016x0.022 T nTuBLeenus G
12, 13 AualAnan

5. wdniud 12, 13 Tuawwsiden 00ANTTAY
TanzuarRnuusnifnu mntaldmnieUsusyduiiug 12,
13 uiSpealdid (Ul 5A) Wasuamauldmnamuasasiia
9 0.016x0.022 Idnada damuriupumifasenansdesun
WierhdnavienuasAanseulansuuinihug 11 wieuwu
INagaInAEULaEERR

6. WdBFRATU 1 iWouBueenussiailug 11 Au
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aAvdn (Ul 58) 9. ldip3esilonsaninity
7. e 11 wdeusadlndszunuauily oo 10. Min3osiiensaaUsud (periodontal probe)
nszaulane wasAnuusniinuuiailug 11 14, 15, 24, 25 TaAnuanTeaien (sulcus depth), AnunIwvionda
wazdnBosituyndliismumisgnaes uaslisinituynduunudy (attached gingiva width) uagAaaiesaity (clinical crown
8. WloiluSeasgnios noauusniinfiasivnn e length)
Fuadesilonsanmiiy

JUi 4 amgfaunlusiumasld wesirana a1 U

Figure 4 Panoramic radiograph 1 year after cervical pull headgear application

JU 5 pmereedunlusnn (A) sumisiiug 12, 13 (8) n15Aeiug 11 Fuaiaman
Figure 5 Panoramic radiograph (A) 12,13 position (B) 11 tied with main arch

HAN13IN®
1. ithefilunthassnas lunthimnuiadidnuaen s GUA6A-60  Auuwnuiuntharsihiussunuinssingane wnfu 88 eaem
2. Anyunuiiunihuwyidumaidamau wiidu 111 sen  Ayusendnwnuiluntvuiagans wiiiu 126 a3

Ui 6 lumhefthenaimssnwiaugn (A) lumhmuns (8) lumiharunsevalzé (C) lumheudie

Figure 6 Post-operative facial view (A) frontal view (B) frontal view (during smiling) (C) lateral view
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3. 9lu@ 11, 12, 13 Sesiund Indifeduilu® 21, 22,23 9nameedadunlusmn wudannuwuuvessniiud 13 s
(GUN 7A - 70) msauitud@euasilunsuwian 1 ey w23 (JUN 8A) uazanmwaneSsdnslvandsuzauing
uardaiunsauuuuiedia Ussian | (GUA 7D - 76)  wuliauduiusvesitunthuw/anaund (U 8B)

JUI 7 msauity wdmsihendugn (A) msauiumi (8) msseeiavesituuy (C) msiSesiivasiuate (D) msauitusiiuea) () msay
A IugIe
Figure 7 Post-operative occlusion (A) frontal view (B) upper teeth alignment (C) lower teeth alignment (D) right side occlusion (E) left

side occlusion

JUN 8  nmaeanainsinwiaugn (A) nmaressaunlusiu (8) nmagssansvanfireeaud
Figure 8 Post-operative radiograph (A) panoramic radiograph (B) lateral cephalograph

4. #ud 11, 12, 13 Seudnsessien, anuniavitenta sn89uidaesed 2
\ Y
wazANueiu TnalAe s uiug 21, 22, 23 (11519 1) ﬁﬂqamm:qlmg 218 13 9 la¥uaisdenaann

fununndiieaymitug 25 livu §uelifivseialasu

wa

il
o a A v ' o W
pUgaINIIINw) 7 U gURmnUsavInssinsuarlunth Liflsausednen
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dnwaurynanddn (Uil 9, 10) 3. msauilunswuian 1 suruerdne Wunsauuuy
1. gUaeillunthausnns Tunthimuididnuuense waaiiia Uselan |

2. pyralutesuin nuilud 65 uitudauazgmzalnss 4. msavituBes Fuwuasdte Wunisauiuuueaia
Usvamily Usenm |

U9 lumhgthenaunisiny (A) lumbimuess 8) lumhauasivady (C) Tumhauine

Figure 9 Pre-operative facial view (A) frontal view (B) frontal view (during smiling) (C) lateral view

FUiT 10 msauiunaunsshv (A) msauitum (B) msiSeasiavesituuy (C) msiSeedaesituane (D) msauituduwa (£) msauitusiuge
Figure 10 Pre-operative occlusion (A) frontal view (B) upper teeth alignment (C) lower teeth alignment (D) right side occlusion (E) left

side occlusion

amehe¥edseumesinil (periapical radiograph) (U 114)  1Beslusnulndnanauazsily sgiivanesinitud 24
- i@ 65 yzqlnseuszamity ndneeddauily (occlusal radiograph) (3U7 118)
- mieflud 25 egfiduwmisuanesnilud 65 Taefunuity - Flud 25 sgmeiumauvesiiud 24, 65
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JUA 11 amngisaneunissnyg (A) nmere5adseutalgsinily (8) nmereSaamuauitu

Figure 11 Pre-operative radiograph (A) periapical radiograph (B) occlusal radiograph

aa o

JUINY

1. U8 25 aauSaumautin unudtuiguiy
wwaRenans >31 e faslud 25 ae_jﬁﬁ%mﬂwmasmﬁu
& 24, finsnennsallseliifromssenidion Weshdetuinas
Tunsitadeitudeiuune’
LHUASSNWINILEan

uwuft 1. nouilud 65 uazindinilug 25 senantu
Tailudasutansnonldliiugiae

uwuft 2. nouilud 65 uazindinilud 25 senantu
Foitu iloindeuilud 26 Wiundaduilud 24

Wi 3. Sulinssnwseniieusiud 25 (Hunases
Bonununsinund esmndeansidiununmddnitugae
Failud 25 fow wnliduseasdeudununsshwd 2)
wun1s§nm (Gulinsshwsenfiouitud 25)

1. ppnuUULazE LS safiev i Tilundntn
\nSesilofiufi (space maintainer) uaeiingradmsumiiug 25

2. sidindawion Aanseaulansuuinitud 25

3. failug 25
135011

1. sonuuursedielitananuaaasiadaiiug 16,
26 Wlisetuiieldifundnia fanawmuaaaianauy
Funitendisnulnanansvesitud 24 inihildueSesiietu
fdvsuitug 25 wazilewESumandalviuitug 16, 26 vy
poNUsIRaIUT 25 IeunseamuIaaaRa USasun s
winnarsuwauvesUasnlanssaiiug 16, 26 iioliiAen
danadniu (elastic chain) WseaanAglaUaaRa U
MsReitug 25 ('31J1‘7i 12)

2. dslinwiununmddaseansdesUiniiienoy
U3 65 hdinDanionlnumsvidaenssdiilatuTuuuy
Unuazdnnszaslave Ushafiiiudndiiiu wundeian
amuaaaRa au1a 0.011x0.012 1 Uassuaivaineen
UshusesUaunuden (gﬂﬁ' 13A)

3. udaunane 1 e Bawnsesdiefioanwuulivy
3 16, 26 Fufeitud 25 funzveimunszauiy wagnzve
srummuresasnlangsailu iilowdouiud 25 Tusulna
nansausily @ 25 egusnadinouiiud 65 U (Ul 138)

4. dndawitondnads WlelAsumumiianszau
Tanelufnuanniudssesuiu feitud 25 nesludilng
NNy navesnsAwilEiug 25 aegludulnanans
woumdndaiturhliiuuaiReivesiing 25 mulumeiou
szuvaviluwesiiuu (3Uf 130)

5. faanafienuieitud 24 anthuiauusniinuy
fudrsmesdaiiy WasuaiaiieuSuseauiiuauldain
AmuadaRanatun 016 97 faandu L — loop Lile
waouiuE 25 gavuuauily ('3;1J1‘7i 14)

6. AaunusniinuuRafiusinunsefauiuveadudu
n3eiawu (buccal cup) WaguuiIuAINAUYBIUNATY
AU (palatal cusp) ldanaRnwurdesusniiniunzye
i uiteudlvitud 25 v (rotate) (Ui 15)

7. Foailuynalildiumisiignos

8. poAKUsNYin AU nifieviedesionsanmily

9. ldrdesiionsannitu

10. THia3oslonsrausrusinnnudnsoanion,
ANNNINLUIENER, AUENIFITU
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12

UM 12 dnwainesie (A) vandn (B) inTesilenuil (C) neve

Figure 12 Diagram of appliance (A) anchorage (B) space maintainer (C) hook

JUTT 13 ameresidseuaesinitussninnsinm (A) sudemsannssqulansuuiug 25 Wedumsiny (B) msieiug 25 lsnlna
1874 () shwwdanszaulansuuiubeseaniiug 25 nasiug 25 indousnagsznireiug 24, 26
Figure 13 Periapical radiograph (during treatment) (A) button position on 25 at the start of treatment (B) distalization of 25 (C) button

position on 25 inclined planes after being distalized to the space between 24,26

FUiT 14 msauusniinuuihg 25 wasUSussauiudeatnauasaianay JUT 15 nosudluitug 25 v
919 0. 16 13 daiThukea gu (L loop) Figure 15 25 rotation correction
Figure 14 Direct bonded bracket on 25 and aligned with L loop 0.16”

stainless steel wire
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NaN13INWI

1. fheillumihsumsaitansnas Tunheudna 4. 1y 25 fimnudnseasiien, mnunawiends
dnwalznss (U7 16) waza il dAesiiug 24 uazitud 14, 15 (11379 2)
2. fludeuagiiunsuuida 1 faduwnuazdng 5. 50t 24, 25 Fosfvuuiu uasvunuduiiy
Wumsaunuuesiiia Useiam | (Ul 17) Fouluvnsslnsuu (Uil 19A) uasiimnudiuiudvesitumih

3. W 25 Soslaelinmsvyuuesily 180° vl vuuava1luund (UM 198)
umuwmeuvesiiuegiunsyituns GUA 18) winuhnsvu sgeznaimsinw 5 U
vouitud 25 iinaserumenuvesiievnz (U 16B)

FUi 16 Tumbgflagvasmssnwiaugn (A) lumhsiusss (8) lumbhaunssvalzdis (C) lumheudie

Figure 16 Post-operative facial view (A) frontal view (B) frontal view (during smiling) (C) lateral view

JUiT 17 msauitundanssnmaugn (A) msauitumi (8) msiSesiavesituuu (C) msiEewiaveditua1s (D) n1sauiudiuya) (€) n1sausity
e
Figure 17 Post-operative occlusion (A) frontal view (B) upper teeth alignment (C) lower teeth alignment (D) right side occlusion (E) left

side occlusion
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UM 18 n1915892909TUT 25 nddauganIsiny)

Figure 18 25 alignment after treatment

FUN 19 amareRanaimsinmaugn (A) amareRaunluu (8) nmagssdansnanisvraiug i

Figure 19 Post-operative radiograph (A) panoramic radiograph (B) lateral cephalograph

unlansal

FaeseT 1

fuameifiiuan 3 & Tusumisitunii Jady
fumisiifinnuddgydennumenunazyadnnmues
fae tupiiiumsiige navesnshifiituuudldumn
fudussozna dliuunasiluuuedouluduan
lilifieshafismednsunsosvesiug 11,12, 13
faprumausuisiuiivuduluuniiudmsunseniu
Yositud 11, 12, 13 Ineidonldiwesidaya waiies Wieveny
nsslnsuunaziadouiiudg 16, 26 Tusulnanandaedils
AouusniAnuuitud 14, 24, 34, 44 wayiud 15, 25, 35, 45
fifinsadresnitudios 2/3 uaz 1/3 vasnnuenasnilunu
&u LlesnnisAnues Stenvik® nuiinsindeudiud
sndtuaselaiadarsunmiumsadiesinituriiliianienig
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aa 1 A I ¢ a & a a
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computed tomography : CBCT) azaslun1sitiadesinimus
luna, mmé’uﬂ’uéﬁuaqﬂuqmﬁuﬁu%’mLﬁm SIUNOININY
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wariidnvaszifeuluiuaauuiueu (horizontal impaction)
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M159971 1 WUy Aanudnseasien (sulcus depth (mm), Aa1n19MIandn (attached gingiva width (mm)) , Aa7xE38R (clinical
crown length (mm)) sen319ihid 13, 12, 11 fuitd 21, 22, 23
Table 1 Comparison of sulcus depth (mm), attached gingiva width (mm), clinical crown length (mm), between tooth number 13, 12,

11 and tooth number 21, 22, 23

Tnanang ———- > Indnans Tndnang <o——n Tnanans
Wi 13 dud 12 A 11 #ud 21 Wud 22 dud 23
AMUANTBIMIaN fusUHUn 2,1,3 2,1,2 1,1,2 2,1,3 3,1,3 2,1,2
FAIUNAY 1,1,3 2,1,1 1,1,1 1,1,1 1,1,1 1,1,1
AnUndavtenda AUFURUIN 6,56 6,37 53,3 3,4,7 7,4,5 53,7
AMUNIAINY FusaEUIn 9 7 9 9 6 8

@157971 2 Wiuiigunwanseanian (sulcus depth (mm), Aun31uniend (attached gingiva width(mm) kazm 18873697 (clinical
crown length (mm)) 531/77’7017171‘1627/ 14, 15, 24, 25

Table 2 Comparison of sulcus depth (mm), attached gingiva width (mm), clinical crown length (mm), between tooth number 25 and
tooth number 14, 15, 24

Tnanang ——— > Tndnang i A R —— Tnanang
ud 15 #ud 14 Wud 24 ud 25
AUENIBLWIDN AUFURUIN 1,1,2 2,1,4 3,2,3 2,2,2
FULNATY 1,1,1 2,1,1 1,1,1 2,1,1
AUNI1idandn PUSHEUN 6, 4,6 6,2, 4 3,1,4 53,5
ANBIIRINU FusElUN 7 9 10 7

(#Une 2 918) nensallsalid o19UsSnwTuRAwnngIafuiasunN1sShw
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YRUNUUNAY 9 4 ll@]’]LLWU\TQQWS@@%IUW’]LL‘WU\TVlllﬂ’]ﬁ

119 J DENT ASSOC THAI VOL.68 NO.2 APRIL - JUNE 2018

o & % } 4 aa =

2. mmmLﬁﬂuﬂﬁiﬂmﬁuqmmmﬁqaﬂm&m
a a a o A o a v ea & a
A5uNHUENSSgeRALas etz USTIuAMuUng



1. Andreasen JO, Petersen JK, Laskin DM. Textbook and Color
Atlas of Tooth Impactions. Copenhegen: Munks gaard;1997. p.
199-208.

2. Raghoebar GM, Boering G, Vissink A, Stegenga B. Eruption dis-
turbances of permanent molars: a review. J Oral Pathol Med
1991;20:159-66.

3. Gron AM. Prediction of tooth emergence. J Dent Res
1962;41:573-85.

4. Crescini A, Nieri M, Buti J, Baccetti T, Pini Prato GP. Orthodontic
and periodontal outcome of treated impacted maxillary canines.
Angle Orthod 2007;77:571-7.

5. Couniham K, AL-Awadhi EA, Butler J. Guidelines for the
Assesment of the Impacted Maxillary Canine. Dent Update
2013;40:770-77.

6. Stenvik A, Mjor | A. Pulp and dentin reactions to experimental
root intrusion. A hisologic study of the initial changes. Am J
Orthod 1970;57:370-85.

7. Dibiase DD. The effects of variations in tooth morphology and
position on eruption. Dent Pract Dent Rec 1971;22:95-108.

8. Mitchell L, Bennett TG. Supernumerary teeth cuasing delayed
eruption - a retrospective study. Br J Orthod 1992;19:41-6.

9. Becker A, chaushu S. Radiographic Methods Related to the
Diagnosis of Impacted Teeth. In: Becker A, editor. Orthodontic
Treatment of Impacted Teeth. 3 ed. Singapore: Wiley-Blackwel;
2012. p. 10-28.

10. Vermette Me, Kokich VG, Kennedy DB. Uncovering labially
impacted teeth: apically positioned flap and closed - eruption
technique. Angle Orthod 1995;65:23-32.

11. Becker A, Brin |, Ben-Bassat Y, Zilberman Y, Chaushu S.
Closed-eruption surgical technique for impacted maxillary incisors
: a post — orthodontic periodontal evaluation. Am J Orthod
Dentofacial Orthop 2002;122:9-14.

12. Chaushu S, Brin |, Ben - Bassat Y, Zilberman Y, Becker A.
Periodontal status following surgical — orthodontic alignment of
impacted central incisors by an open - eruption technique. Eur
J Orthod 2003;25:579-584.

13. Becker A. An interview with Adrian Becker. World J Orthod
2004;5:277-282.

14. Parkin NA, Milner RS, Deery C, Tinsley D, Smith AM, Germain
P, et al. Periodontal health of palatally displaced canines treated
with open or Closed surgical technigue: multicenter, randomized
controlled trial. Am J Orthod Dentofacial Orthop 2013;144:176-84.
15. Incerti-Parenti S, Checchi V, Ippolito DR, Gracco A,
Alessandri-Bonetti G.Periodontal status after surgical-orthodontic
treatment of labially impacted canines with different surgical
techniques: A systematic review. Am J Orthod Dentofacial
Orthodp 2016;149:463-72.

16. Crescini A, Clauser C, Giorgetti R, Coretellini P, Pini Prato GP.
Tunnel traction of infraosseous impacted maxillary canines,
A three —year periodontal follow-up. Am J Orthod Dentofacial
Orthodp 1994;105:61-72.

17. Bishara SE. Impacted maxillary canines: A review. Am J Orthod
Dentofacial Orthop 1992;101:159-71.

18. Becker A. Treatment components and Strategy; In: Becker A,
editor. Orthodontic Treatment of Impacted Teeth. 3 ed.
Singapore: Wiley-Blackwel; 2012. p. 55-69.

Chanpongsaeng, 2018 120



HPMC Based Mucoadhesive for Delivery of Triamcinolone Acetonide:

Mucoadhesion and Drug Release Properties, An In Vitro Study

Premrudee Srisuntorn’, Kanokporn Bhalang' and Pratanporn Arirachakaran®

'Department of Oral Medicine, Faculty of Dentistry, Chulalongkorn University, Bangkok

Topical corticosteroid is the first-line drug for treating immune-mediated oral lesions, 0.1 % being the most
effective concentration. However, conventional topical Triamcinolone acetonide (TA) applications are poorly retained
on the oral mucosa. Hydroxypropyl methylcellulose (HPMC) polymer patches are used as buccal mucosa drug
delivery systems, as they enhance a drug’s ability to adhere to the oral mucosa and reduce the frequency and
amount of drug application.

The objective of this study was to prepare a new HPMC-based buccal muco-adhesive polymer patch for
the delivery of 0.1 % TA. The solubility, water absorption, muco-adhesion and in vitro drug release study using
high-performance liquid chromatography (HPLC) were compared with a commercial product.

The results revealed that the 3 % and 2 % HPMC patches had significantly lower dissolution rates, a
favorable property, compared with that of the commercial product (p<0.05). The 3 % HPMC group demonstrated
the highest dissolution time. Every concentration of the newly developed muco-adhesive polymer patches had
higher water absorption than that of the commercial patches at 1 and 5 min. In addition, the 3 % and 2 % HPMC
patches demonstrated significantly higher water absorption compared with the commercial patches at 10 and 30 min.
There was no significant difference in muco-adhesion between the developed patches with commercial product.
AWl HPMC groups did not show significantly higher drug release compared with the commercial product group at
every time point. 3 % HPMC group had the highest drug release. The 3 % HPMC group had significantly higher drug
release than 1 % HPMC at 2, 4 and 6 h.

We demonstrated the potential of a buccal muco-adhesive polymer patch as an alternative treatment for
oral ulcerations. The buccal mucosa patches had a higher dissolution time compared with the commercial product.
The 3 % HPMC had lower dissolving and higher drug release at 2 to 10 h. The newly developed muco-adhesive
polymer patches had improved properties pertaining to drug application. Further study is needed to improve some

of the properties of the oral patches and to implement a clinical study.

Keywords: Muco-adhesive, Hydroxypropyl methylcellulose (HPMC), Triamcinolone acetonide, Muco-adhesion,

Buccal patch.
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During the past, several years, investigations
have resulted in advances in pharmaceutical technology
concerning drug formulations and innovative routes of
administration. Recurrent Aphthous Ulcers (RAUs) and
Oral Lichen Planus (OLP) are common painful mucosal
conditions affecting the oral cavity." There is no specific
diagnostic test for RAUs, thus, diagnosis is mainly based
on patient history and clinical manifestations. The
underlying etiology of RAU remains unclear, and no
curative treatment is available.” OLP results from a
chronic inflammatory cell-mediated immunological
dysregulation, and likely has a multifactorial origin or
non-specific etiology.” OLP lesions in reticular form are
often asymptomatic, however, the atrophic, erosive, and
ulcerative forms of OLP can cause a burning sensation
or severe pain.” The diagnosis of OLP is based on the
histopathological results of biopsies.

Clinicians frequently use corticosteroids for the
treatment of RAU and OLP. Triamcinolone acetonide
(TA) is the first-line drug for treating RAU, and can be
administered in the form of orabase or mouthwash with
concentrations ranging from 0.05-0.5 %, applied 3-5
times per day.” It is particularly indicated for patients
with small lesions, and one study reported that 0.1 %
TA was the most effective concentration.” Although
these forms provide high drug levels in the oral cavity,
they can be easily displaced from the applied region
due to the washing effect of saliva, swallowing, and
tongue movements. These effects decrease therapeutic
drug levels.”” Topical applications also have limitations,

including low retention on the oral mucosa.

Muco-adhesive polymers have been extensively
used in buccal mucosa drug delivery systems, as they
enhance a drug’s ability to adhere onto the oral mucosa.’
The drug will contact the mucosal membrane, be easily
dispersed throughout the mucosa, and will have high
patient compliance because the polymers are non-
irritating.” The polymers that have been investigated are
polyacrylates, ethylene vinyl alcohol, polyethylene
oxide, poly alcohol, poly (N-acryloylpyrrolidine),
polyoxyethylenes, self-cross-linked gelatin, sodium
alginate, natural eums, and cellulose ethers such as
methylcellulose, hydroxypropylcellulose, hydroxypropyl
methylcellulose (HPMC), and sodium carboxymethyl-
cellulose.'"!

Muco-adhesive HPMC or hypromellose is
non-toxic and used in a wide variety of pharmaceutical
and food preparations. HPMC is a cellulose ether and
is one of the most common hydrophilic carriers used
in controlled oral drug delivery systems, due to its
ability to swell when contacted by water or fluid.""’
HPMC offers a wide range of properties that would
enhance adhesion to the mucosa, which in turn increases
the contact time of the drug with the oral mucosa."®
This polymer is produced by the synthetic modification
of naturally occurring polymer cellulose and is safe for
human use. The uses of HPMC as a thickening agent and
a bio-adhesive are well documented.'" To improve HPMC’s
properties, glycerin has been added to the formula
because of its moisturizing and emollient properties.”” A
preparation of 2.5 % HPMC grade K100M has been reported

as the most appropriate formulation for buccal
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mucosa application, because it has suitable mechanical
properties, and exhibits high cohesion and bio-adhesion. "’
Buccal muco-adhesive polymer patches prepared using
1% HPMC have also been reported as the best formulation.
This product showed a 539.44 N/m’ muco-adhesive
stress and water absorption of 333.33 % of its weight
after 10 minutes. The average dissolution time for these
patches was 3 hours 24 min. A study evaluating a buccal
healing film containing TA found that the optimum
composition was 2 % methycellulose, 0.1 % glycerin
and 3 % HPMC. In 2015, an oral paste formulation of
triamcinolone acetonide containing 60 % plastibase, 3.3 %
pectin, 6.6 % gelatin and 30 % carboxymethylcellulose
showed similar characteristics compared to a reference
formulation (Adcortyl®; Bristol-Myers Squibb Co. Ltd.,
New York, USA) for the treatment of recurrent aphthous
stomatitis.”!

The objective of the present study was to
prepare an HPMC-based muco-adhesive patch for
delivering TA that possessed appropriate dissolution
time, water absorption, muco-adhesion and drug release

comparable with commercial patches.

Materials

Test materials were different concentrations of
hydroxypropyl methylcellulose (HPMC; Methocel FAM,
Namsiang Group Co.Ltd., Thailand) with 0.025 mg
Triamcinolone acetonide (S.Tong Chemicals Co., Ltd.,
Thailand) and glycerin (0.1 %) (99.5 % USP/BP, Siam
Absolute Chemicals Co.Ltd., Thailand). HPMC commercial
patches (Traful Direct, Daiichi Sankyo Healthcare Co.Ltd.,
Japan) were used as positive controls.
Buccal patch preparation and drug loading

HPMC was dissolved in 60 ml of distilled water
at a concentration of 1, 2, or 3 % (mass/volume). Glycerin
(0.1 %) was added to the preparations in a beaker. All

of the solutions were poured into clean, dry glass petri
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dishes and the resulting clear viscous solutions left at
room temperature until all air bubbles disappeared.
The resultant films were dried in an oven at 55°C for
48 h, loaded with 0.1 % TA dissolved in a distilled water
and ethanol (65:35) solution, soaked in the TA solution
and dried for 1 d each at -20°C, 4°C, and 25°C. Finally,
the films were left at room temperature for 24-48 h*
to allow the residual solvent to evaporate and cut into
9-mm diameter patches.
Buccal patch preparation and drug loading

HPMC was dissolved in 60 ml of distilled water
at a concentration of 1, 2, or 3 % (mass/volume). Glycerin
(0.1 %) was added to the preparations in a beaker. All
of the solutions were poured into clean, dry glass petri
dishes and the resulting clear viscous solutions left at
room temperature until all air bubbles disappeared.
The resultant films were dried in an oven at 55°C for
48 h, loaded with 0.1 % TA dissolved in a distilled water
and ethanol (65:35) solution, soaked in the TA solution
and dried for 1 d each at -20°C, 4°C, and 25°C. Finally,
the films were left at room temperature for 24-48 h*
to allow the residual solvent to evaporate and cut into
9-mm diameter patches.
Buccal tissue preparation

Buccal tissue from 3-4-year-old pigs was obtained
from a local slaughterhouse. Each piece of tissue was
washed with deionized water to remove undigested
food from the surface. Sixty specimens, thickness 3-5-mm,
were prepared and placed in a 0.9 % NaCl solution at
8°C and used within 6 hours.
Artificial saliva preparation

Simulated Saliva Fluid (SSF, pH 7) was used as
a substitute for human saliva.”
Dissolution assay

Each buccal patch (n=5 for each HPMC
concentration) was soaked in a beaker containing 20 ml
SSF at the room temperature. Each beaker, containing
a magnetic stirrer, was placed on a stirring machine and
the stirrer rotated at 90 rpm using an environment

shaker-incubator. The solutions were collected after



the patches had completely dissolved, and the time
required for dissolution was recorded.
Water absorption assay

The porcine buccal tissues were soaked in SSF
at pH 7 at 37°C for 60 min, then dried with filter paper.
Five buccal patches for each concentration of HPMC
were used and their weights recorded. The buccal
patches were placed on the porcine buccal tissues and
the patch weights recorded at 1, 5, 10, and 30 min
using a 3 decimal place digital balance (Sartorius, SPC
Calibration Center, Thailand). The weight differences

were calculated using equation 1.

W -W
2 ! %100
W

Where W was the dried patch weight and W,
was the patch weight after immersion in SSF. This
experiment was conducted five times and the results
expressed as mean =+ SE.

Muco-adhesive study

The buccal mucosa patches were tested using
a texture analyzer machine (TAXT Plus, Stable Micro
Systems, Godalming, Surrey, UK), equipped with a 50-N load
cell and a bio-adhesive holder. Each patch was attached
to a 10-mm diameter cylindrical probe with double-sided
adhesive tape. The patches were equilibrated in SSF at
pH 7 and (37+0.5)°C for 15 min and placed on the
platform of the bio-adhesive holder. The probe with
the buccal patch attached was moved downward to
attach the patch to the tissue with a contact force of
0.2 N. The buccal patch was left in contact with the
tissue for 30 s and withdrawn at a speed of 10 mm/s
as in a previous study.'®** The maximum force (N) needed
to separate the probe from the tissue was directly
derived and the data were compared among the different
HPMC concentrations and commercial product groups
In vitro drug release validation®

The HPLC assay allowed for detection of TA at

a retention time of 5.8 minutes. Linearity of the standard

calibration curves were obtained with triamcinolone
acetonide reference standard solutions. Each solution
was injected three times in the chromatographic system.
The linearity was estimated by linear regression analysis
by the least square regression method. The correlation

coefficient was calculated (Equation 2).

11y = (8x10”) x- 0.0042 Rz = 0.9989

Where y = concentration of drug releasing

x = analyzed amount of drug releasing from HPLC

In vitro drug release study using HPLC

One patch was soak into a centrifuge tube of
SSF. All centrifuge tube were shook by shaker in room
temperature. Then the drug release solution 500 ul
each tube were got off from tube at 2, 4, 6, 8 and up
to 10 hours. 500 pl of the 2 ml sample volume were
drawn and replaced with 500 pl of SSF every time an
analysis was conducted, 0.5/2 of sample were removed
each time an analysis was conducted. To compensate
for the diluting effect, the drug release value for each
sample was adjusted according to the modified

relationship (equation 3).”

n=nh-2
> A

n=0

A, () = A(h)+0.5/2x

Where A (h) = adjusted amount of drug releasing
at hour
A (h) = analyzed amount of drug releasing

at hour

All samples were analyzed by chromatographic
system from Shimadzu products (Shimadzu Corporation,
Japan) consisted of pump (model LC-10ADvp), autosampler
(model SIL-10Avp) and UV absorbance detector (model
SPD-10Avp). The separation was performed by a Inertsil
ODS-3, 5 um, 250 x 4.6 mm ID (GL Sciences, Japan)
analytical column. The mobile phase was methanol-
water-phosphoric acid (75/25/0.5, v/v). Mobile phase

degassed by aspiration for 5 min prior to use. The flow-rate
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was 1.0 ml/min and the temperature was ambient. The
eluate was monitored by UV absorbance at 252 nm.”
Each in vitro study were performed in five times.
Statistical analysis

The values were analyzed with Kruskal-Wallis
H test for all sample group. Then, pairwise comparisons
were performed using Mann-Whitney test. The level of

significance was 0.05 for all statistical analyses.

Dissolution time

The mean dissolution times of the patches

prepared using different HPMC concentrations and a
commercial product are illustrated in Figure 1. There was
a statistically significant difference between dissolution
time of HPMC sample (H(2)=16.71, p=001), with a mean
rank of 18 for 3 %, 13 for 2 %, 7 for commercial product
and 4 for 1 % HPMC.

It was found that the 3 % HPMC group
demonstrated the highest dissolution time of (7.11+0.68)
h. The 2 % HPMC (5.06+0.39) h, commercial product
(3.81£0.45) h, and 1 % HPMC (2.92+0.69) h groups
displayed decreasing dissolution times compared with

the 3 % HPMC group.

5

Dissolution time (hours)

1 O

2

]

T T
Commercial product 1%

T T
2% 3%

HPMC sample

Figure 1 Dissolution times of the different HPMC sample and commercial product groups.

* Indicates a significant difference from commercial product (p<0.05).

The results revealed that the 3 % and 2 %
HPMC patches had significantly lower dissolution rates,
a favorable property, compared with that of the
commercial product (p<0.05). These HPMC patches
could thus remain in the oral cavity for a longer time.
Our results support a previous finding that increasing
HPMC concentration significantly increased dissolution
time (p<0.05). However, human saliva contains digestive

enzymes that SSF does not, indicating that future in situ
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studies are needed to determine the actual dissolution
rate of the newly developed muco-adhesive polymer

patches in the oral cavity.

Water absorption

The water absorption results are shown in
Figure 2. Every concentration of the newly developed
muco-adhesive polymer patches had higher water

absorption than that of the commercial patches at 1



minute. In addition, the 2 % and 3 % HPMC patches
demonstrated significantly higher water absorption
compared with the commercial patches at 10 and 30
min. The commercial product had the lowest water
absorption at each time point, which would result in

minimal changes in the concentration of a loaded drug.

Although we found no clear relationship between HPMC
concentration and water absorption, a prior study
reported that HPMC percentage had an inverse relationship
with water absorption. Because increasing concentration
polymer decreases polymer chain space, so it decreases

water penetration.

500+
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% Water absorption
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_*l
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o T T

T T
10 30

Time (minutes)

Figure 2 Water absorption of patches with different HPMC concentrations at different time point.

* indicates a significant difference compared with control (p<0.05).

Although the 3 % HPMC patches had the longest
dissolution time, they also demonstrated high water
absorption. The patch dissolution rate indicates the
length of time that the patch will remain in the oral
cavity, while water absorption plays an important role
in muco-adhesion. When either excess hydration of the
patches occurs or the buccal tissue is wet, the muco-
adhesiveness will be less.* We observed almost immediate
swelling of the patches during the absorption test. The
absorption assay as a percentage of patch weight change
at 1, 5, 10, and 30 min after immersion in SSF showed
that after 30 min the patches began to detach from the
porcine buccal tissue. A previous study indicated that
molecular weight plays a more important role in water
absorption than does the hydrophilicity of a polymer.”*

Low-molecular-weight polymers can penetrate the

mucosa layer well and the optimum molecular weight
is between 10 and 4,000 kDa”’ whereas our patches
have an average molecular weight of 86 kDa. To obtain
suitable water absorption, the molecular weight of the
polymer should be adjusted to the optimum range.
Muco-adhesive force

The muco-adhesive force assay was performed
using an instrument that measured the maximum
detachment force (F

max

muco-adhesive force and work of adhesion were found

). No significant differences in

between the different HPMC concentration and the
commercial product groups (p>0.05). The muco-
adhesiveness of the patches was determined. No significant
difference in muco-adhesiveness was found between
the groups (p>0.05). However, the 1 % HPMC group had
the highest detachment force 0.37+0.30 N. (Fig. 3). This
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finding could stem from the flexibility of the polymer chains
and their low water absorption. The 2 % HPMC, commercial
product, and 3 % HPMC groups demonstrated decreasing
muco-adhesive force compared with the 1 % HPMC

group. The same trend was found in a prior study, where

the 4 9% HPMC group demonstrated the lowest detachment
stress per area and the 1 % HPMC group had the highest
detachment stress per area. Our observations indicated
that there was sufficient adhesion between the patches

and the dried porcine buccal mucosa.

2

Adhesive force (N)

4

10 g

T T
Commercial product 1%

T T
2% 3%

HPMC sample

Figure 3 Adhesive force of the patches with different HPMC samples and commercial product.

Adhesion decreased after artificial saliva was
included in order to mimic the oral cavity. Although not
significantly different, the 1 % and 2 % HPMC groups
had a higher detachment stress compared with the
commercial product, and all HPMC concentration groups
had a lower detachment stress than that of the commmercial
product. Higher water absorption could alter the drug
concentration and a critical degree of hydration of the
muco-adhesive polymer affects optimum swelling and
thus bio-adhesion.”* An acceptable polymer should have
sufficient water absorption to increase the penetration
of the polymer chains into the mucosal network.
Penetration enhancers are substrates added to the patch
formulation to improve adhesiveness, and can be used
alone or in combination to improve the bioavailability
of a loaded drug without increasing its toxicity.”” Some
enhancers are enzyme inhibitors, such as aprotinin,

bestatin, and Puromycin. These inhibitors effectively
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reduce proteolytic enzyme activity in the saliva.”’
HPLC analysis of in vitro drug release

AWl HPMC concentration groups did not show
significantly higher drug release at every time point
compared with the commercial product group (Table
5 Appendix, Figure 9). 3 % HPMC group had the highest
drug release profiles. 3 % HPMC had significantly higher
than the commercial product at 2 hours. The commercial
product group had lower drug release than the 3 9%,
followed by 2 % and 1 % of HPMC, respectively. The 3 %
HPMC group had significantly higher drug release than
1 % HPMC at 2, 4 and 6 hours. After 4 hours, we found
that the 1 % HPMC patches were completely dissolved,
and total drug was released from the patches, and after
8 hours, the 2 % HPMC patches were completely dissolved,
resulting in total drug release. The 3 % HPMC and
commercial patches required 10 hours or more to

completely dissolve. From this results, we did not find



the same as study of dissolving property because analysis
of in vitro drug release study did not use the stirring
machine.

We found that dissolution did not significantly

affect drug release by the commercial product. An

moreover they could still attach on buccal tissue without
dissolving. Our results indicated that TA was still released
from the 3 % HPMC patches after 8 to 10 h. From the
results, the conventional topical of TA were applied 2-3

times per 24 h, so the 3 % HPMC were an acceptable

acceptable patches had higher and prolong drug releasing, patches.
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Figure 4 In vitro triamcinolone acetonide release profiles of the HPMC patches and commercial product.

* indicates a significant difference compared with control (p<0.05) with 10 ul injection volume.

Thus, to achieve the optimal treatment level,
higher drug concentrations should be loaded into the
buccal patches. Furthermore, HPMC concentration and
the particle size of polymer can greatly influence the
patches properties. Increasing the polymer concentration
or smaller particle size decrease in drug-release rate.
HPMC polymers with smaller particle size have more
surface area relative to equivalent weights with larger
particle size. Because the greater surface area provides for
better polymer-water contact, thus increasing complete
polymer hydration and gelation occurs. This leads to
the more effective formation of the protective gel
barrier of the patches so critical to muco-adhesive drug

delivery system. For this reason, increasing the polymer

concentration does not result in decreases in drug-release
rate because drug release does not only result from
polymer erosion, but also from drug diffusion through
the hydrated polymer layers and polymer particle size.
If polymer concentration is too low, complete patch
formation will be formed that decreased the patch
properties. The smaller polymer particle size was found
in premium form of identify special product. This effect
of slower release for higher polymer levels causes from the
longer period of time required to reach the disentanglement
in muco-adhesive drug delivery system. An increase in
polymer level tends to decrease the sensitivity of the
formulation to minor variations.

This study revealed that the newly developed
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polymer patches (3 % HPMC) could be an alternative
treatment for oral ulcerations because this formulation
had a higher amount of drug released from 2-10 hours
compared with the commercial product. Furthermore,
the 3 % HPMC had higher drug release than 1 % and 2 %
HPMC. We could not explain to cut-point definitely for
the best concentration because no one was the best
all. 3 % HPMC were chosen because they had higher
and prolong drug release. The TA were dissolved complete
in H O and ethanol. but in this study, the patches were
tested in SSF. So, drug releasing that were investigated
by HPLC, were less than in completely dissolved solution.
An increase in polymer level tends to decrease the
sensitivity of the formulation to minor variations.” The
patches could hold at mucosa more than 8 hours that
adequate for oral ulcer treatment compared with
conventional topical drug.

However, definitive diagnosis should be obtained
before patch used. This a new developed muco-adhesive
polymer patches should not be used by the following
persons considered to have infectious lesion. Persons
considered to have infection who have white plaque,
which are easily wipe off by rubbing with gauze that
candida infection is suspected. Having yellow pus at the
affected area or having systemic symptoms such as
fever, malaise or swelling of lymph nodes that viral
infection is suspected can be exacerbated by the steroids.
Afuture study should investigate the interaction between
HPMC and TA by Fourier Transform Infrared Spectroscopy
(FT-IR spectra) or X-ray diffraction. Higher solubility of
the drug generally leads to faster release. In addition,
selection of HPMC polymer type, molecular weight, and
viscosity will improve the newly developed oral patches.”
There are polymer combinations other than HPMC with
good texture and muco-adhesiveness such as chitosan,
polyacrylic acid, and pectin that can be used as a
vehicle for oral patches. A previous study found that
the adhesive force of carbopol/poloxamer/HPMC films
increased with increased HPMC content in the film, and

the release of TA from TA-loaded carbopol/poloxamer/
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HPMC polymer films in vitro increased with increased
drug loading.” A study of gel formulations of polaxamer
407, carbopol 934, chitosan, and HPMC with TA compared
with a commercial product containing 0.1 % TA (Kenacort-A
Orabase®) observed that the bio-adhesiveness of the
formulations depended on the bio-adhesive polymer
concentration and molecular weight of chitosan. The
bio-adhesive performance of the chitosan-based
formulations was improved with the inclusion of HPMC.
Texture profile analysis (TPA) results indicated that the
mechanical properties of the developed gels were

improved compared with the commercial product.”

The buccal muco-adhesive polymer patches
fabricated from HPMC for the delivery of 0.1 % TA
demonstrated significantly an acceptable in vitro dissolution
time. The 3 % HPMC group had higher drug release than
the commercial product. However, the HPMC patches
had higher water absorption than that of the commercial
product. There was no significant difference in muco-
adhesion between the patches with different HPMC
concentrations and the commercial product. Therefore,
HPMC could be used to produce a buccal muco-adhesive
polymer patch as an alternative treatment for oral ulcers.
In laboratory testing these patches are comparable to
a commercial patch and could lead to a better response
to drug treatment. Further study is needed to improve
the water absorption and muco-adhesive properties of

the oral patches.
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Evaluation of Voids in Class Il Restorations Restored with Bulk-fill and

Conventional Nanohybrid Resin Composite

Saiisara Chaidarun' and Chalermpol Leevailoj'
'Esthetic Restorative and Implant Dentistry, Faculty of Dentistry, Chulalongkorn University, Bangkok

Objectives: The aim of the study was to evaluate the influence of four resin composites on voids in small
and large Class Il cavities. Furthermore, the thickness of the first increment of the restorations was studied. Methods:
Eighty artificial lower second premolars were divided into two preparation designs with 40 standardized Class |l
cavities in each, and then restored with four resin composites (three bulk-fill types: SonicFill 2, Filtek Bulk Fill
(capsule), Filtek Bulk Fill (syringe) and a conventional nanohybrid resin composite: Premise). Restorations were
sectioned for microscopic evaluation and a Kruskal-Wallis analysis was performed to evaluate the number of voids
and percent void area. The thickness of the first increment was measured and analyzed. Results: There were
significant differences in the number of voids and percent void area among the 4 groups in small cavities. SonicFill
2 and Filtek Bulk Fill (capsule) placed with the injection technique showing reduced voids. In contrast, no significant
differences were detected among the 4 groups in large cavities. Most of the first increment thicknesses of the
restorations in both cavity preparations were thicker than recommended. Conclusions: Voids were reduced when
the injectable resin composites were applied in small Class Il cavity preparations, and the best results were achieved

using SonicFill 2.
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The depth of cure for conventional resin
composite is recommended at 2-mm. Based on this
limitation, restoring a deep cavity can be a time-consuming
task because the incremental technique must be applied
to ensure adequate light transmission for complete
polymerization." Moreover, this technique may increase
the risk of moisture contamination, air trapping and
marginal gap formation.”

The newly-developed, bulk-fill type resin
composites are becoming widely used to overcome the
various disadvantages of conventional resin composites.
Manufacturers claim that bulk-fill materials can be
placed in bulk of 4 mm or even 5 mm. As a result, these
materials can reduce time consumption and simplify
the procedure of placement.* Bulk-fill resin composites
have some improved properties that provide clinical
advantages such as particularly increased depth of cure,
reduced cuspal deflection, low polymerization shrinkage
and stress, which provide better marginal adaptation.
Furthermore, their handling properties are comparable
to regular hybrid composites.” However, applying bulk-fill
composite into a deep cavity with more than 4 mm
depth requires the use of the incremental technique
to prevent an insufficient polymerization, which may
result in the degradation of the resin composite, thus
having a negative effect on physical properties and
adverse biological reactions.™

The adequate polymerization and proper depth of
cure require sufficient light intensity, adequate wavelength,
proper curing time and correct energy density in order
to activate the photoinitiator within resin composite
materials."'” The depth of cure is dependent on the
resin composite’s translucency. Bulk-fill composites are
more translucent for the curing light than conventional
composites, because bulk-fill composites have a bigger
filler size with reduced amount of filler particles.®

Increasing the curing time increases the degree of

133 J DENT ASSOC THAI VOL.68 NO.2 APRIL - JUNE 2018

conversion and microhardness in deeper composite
layers.”

Direct composite restoration appears to be a
very sensitive technique. Undesirable characteristics
such as porosities or voids, marginal leakage, white line,
improper contact and contour, are some of the causes
of post-operative sensitivity and secondary caries."*

The presence of porosities or voids within
composite material may originate as a result of the
manufacture process or handling technique.”™'* Many
studies consider the presence of porosities and voids to
affect the quality of restorations. Voids at the axiopulpal
line angles could result in stress fractures of restorations."’
Voids along the margin and the external surface also
result in microleakage, surface roughness and lead to
discoloration. Moreover, marginal voids can reduce the
adhesion area between bonding agent and resin, resulting
in decreased gap-reducing efficacy of dentin-bonding
agents and mechanical strength of restorations. Finally,
voids can appear as translucent areas on radiographs
and may be misinterpreted as secondary caries.”"**°

From previous studies, voids are commonly
found along the junction between the resin composite
layers when the incremental technique is applied.""’
In a study by Samet and others,” round and well-defined
voids were also regularly found in samples of non-
manipulated materials extruded from the original syringes.
Ovoid and elongated voids were found only on interlayer
areas. These were considered to be gaps created during
placement.

Voids can be classified into 3 groups by diameter
length: small void (<50 pm), medium void (>50 - <150
pum) and large void (>150 um), according to the study
of Medlock and others.”” Large voids have the most
pronounced effect on restorations, and probably also
lead to lower fatigue resistance, wear resistance, and

gross microleakage.”"***" Another study found that



internal voids were correlated with marginal microleakage
in class Il composite restorations. Since material voids are
equally important to gap space, and both are depended
on the manipulation of the material.”’ Besides, cavity
depth, width and volume do correlate with the amount
of voids and gap spaces, but only for the high viscous
composite material.””

At present, few studies exist focusing on voids in
Class Il restorations restored with bulk-fill resin composites
and it has not been proven that it can be achieved in
either small or large cavities. Moreover, there is a lack
of available research about the increment thickness
that is created during placement. The thickness that
exceeds the limited depth of cure can cause negative
effects on the restorations.

Thus, the objective of this study was to investigate
and compare the number of voids in small and large
Class Il cavities restored with bulk-fill composite or
conventional nanohybrid resin composite. Furthermore,
the thickness of the first increment of the restoration
was studied. The null hypotheses to be tested were
that there would be no differences in presence of voids
of 1) small Class Il cavities, 2) large Class Il cavities placed

with different resin composites.

Specimen preparation

Eighty artificial lower second premolars (Nissin
Dental Products INC, Kyoto, Japan) were divided into 2
groups, one group was prepared for small Class Il cavity
and the other one was prepared for large Class Il cavity.
Standardized Class Il cavities were prepared at the
mesial surfaces using cylinder diamond bur diameter 1
mm and 1.5 mm (Intensiv, Montagnola, Switzerland).
Round internal line angles and round point angles were
created to assist the adaptation of composite materials.

Two preparation designs were followed:

« A small cavity was prepared, as shown in
Figure 1a. The dimension was a 2-mm mesio-distal
width, a 3-mm bucco-lingual width and a 5-mm
occluso-gingival depth.

A large cavity was prepared, as shown in
Figure 1b. The dimension was a 4-mm mesio-distal
width, a 3-mm bucco-lingual width, a 5-mm
occluso-gingival depth and a 2-mm pulpal
depth.

Figure 1a.

Small cavity preparation

Chaidarun and Leevailoj 2018 134



Figure 1b. Large cavity preparation

Application Techniques

Forty cavities in each preparation design were
randomly assigned to 4 experimental groups according
to the restorative materials used, with 10 specimens in
each group. After that, the cavities were cleaned and
air-dried. Teeth were mounted in a dentoform model
(Nissin Dental Products INC, Kyoto, Japan) and a sectional
matrix system (Ultradent, UT, USA) was adapted. Then,
a layer of Optibond Solo Plus adhesive (Kerr, Orange, CA,
USA) was applied, air-thinned and light cured for 20
seconds.

One operator with 4 years’ experience in dental
practice performed the restorations. A periodontal probe (12
UNC color-code probe, Hu-Friedy, Chicago, IL, USA) had

Table 1 Restorative materials used

been used to measure the depth of each cavity before
the procedure was started. The first increment and subse-
quent increment used different shades to provide
contrast in increment color for the measurement of the
first increment thickness. A lighter shade was used for
the first increment with a darker shade for subsequent
increment. Three bulk-fill resin composites were used,
including SonicFill 2, Filtek Bulk Fill Posterior Restorative
(capsule), Filtek Bulk Fill Posterior Restorative (syringe)
and a conventional nanohybrid resin composite: Premise.
Table 1 summarizes the restorative materials used in
this study. AWl materials were used according to the
manufacturers’ instructions, which are illustrated in
Table 2.

Material Manufacturer Type Shade* Lot No.
OptiBond Solo Plus Kerr Single-component - 5991290
(Orange, CA, USA) dental adhesive
SonicFill 2 Kerr Bulk-fill composite B1 5469501
(Orange, CA, USA) (Thick-consistency) A3 5928183
Filtek Bulk Fill Posterior 3M ESPE Bulk-fill composite Al N748348
Restorative (Capsule) (St.Paul, MN, USA) (Thick-consistency) c2 N713397
Filtek Bulk Fill Posterior 3M ESPE Bulk-fill composite Al N690323
Restorative (Syringe) (St.Paul, MN, USA) (Thick-consistency) c2 N711565
Premise Kerr Conventional composite Al 5983207
(Orange, CA, USA) (Thick-consistency) Ad 5939846

- * A lighter shade for the first increment and a darker shade for subsequent increment
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Table 2 Material applications according to the manufacturers’ instructions

Material Application method

OptiBond Solo Plus
. Air thin for 3 seconds.

. Light cure for 20 seconds.
SonicFill 2

A VO N P O N =

activated.

. Apply adhesive for 15 seconds, using a light brushing motion.

. Insert Unidose capsule into SonicFill Handpiece.
. Place the tip 1.5 mm above the deepest portion of the cavity.
. Activate SonicFill Handpiece by fully depressing foot pedal.

. Fill entire cavity with 4-mm bulk, keep the tip inside the material at all times while the handpiece is

. Light cure for 10 seconds (Additional curing from buccal and lingual aspect after removing the matrix).

. Fill entire cavity with 4-mm bulk, keep the tip inside the material at all time while dispensing.

. Light cure for 10 seconds (Additional curing from buccal and lingual aspect after removing the matrix).

. Light cure for 10 seconds (Additional curing from buccal and lingual aspect after removing the matrix).

. Place a 2-mm increment into the cavity.

. Press and sculpt using hand instruments.

5. Press and sculpt using hand instruments.
6
Filtek Bulk Fill 1. Insert capsule into Restorative Dispenser.
Posterior Restorative 2. Place the tip close to the deepest portion of the cavity.
(Capsule) 3. Start dispensing.
4
5. Press and sculpt using hand instruments.
6
Filtek Bulk Fill 1. Extrude material out on pad.
Posterior Restorative 2. Place a 4-mm bulk into the cavity.
(Syringe) 3. Press and sculpt using hand instruments.
4
Premise 1. Extrude material out on pad.
2
3
4

. Light cure for 20 seconds (Additional curing from buccal and lingual aspect after removing the matrix).

This study design resulted in 4 restorative groups
for each preparation design:

Group 1: SonicFill 2

The first 4-mm bulk of composite (shade B1) was
dispended into the cavity using a SonicFill handpiece
at a setting speed of 3. After the first increment was
injected and pressed with a plugger (5A XTS, Hu-Friedy,
Chicago, IL, USA), the composite was cured with a Demi Plus
(Kerr, Orange, CA, USA) according to the recommmendation.
Then, the following increment of composite (shade A3)
was dispended to fill the cavity using the same application
method and sculpted with a carver (IPC Interproximal
Carver, Hu-Friedy, Chicago, IL, USA).

Group 2: Filtek Bulk Fill Posterior Restorative

(capsule)

The first 4-mm bulk of composite (shade A1)
was injected into the cavity using a dispenser gun. After
the first increment was injected and pressed with a
plugger, the composite was cured. Then, the following
increment of composite (shade C2) was injected to fill
the cavity using the same application method and
sculpted with a carver.

Group 3: Filtek Bulk Fill Posterior Restorative
(syringe)

The first 4-mm bulk of composite (shade A1)
was smeared into the cavity with a plugger and a carver,
followed by light cure. Then, the following increment
of composite (shade C2) was placed to fill the cavity
using the same application method and sculpted with

a carver.
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Group 4: Premise

The first 2-mm bulk of composite (shade A1)
was smeared into the cavity with a plugger and a carver,
followed by light cure. Then, the following increment
of composite (shade Ad) was placed to fill the cavity
using the same application method and sculpted with
a carver.
Microscopic Evaluation

The restorations were finished with fine grit
diamond burs (Intensiv, Montagnola, Switzerland) and
stored for 24 hours. The teeth were embedded in epoxy
resin blocks and sectioned vertically in a mesio-distal
plane with a low-speed cutting machine (ISOMET 1000,
Buehler, USA), resulting in two sections of each specimen
to be inspected. Then, the sections were polished using
a polishing machine (NANO 2000T, PACE technologies,
USA) with varying grits of abrasive paper (Grit sizes: 800, 1000
and 1200). After the sections were cleaned for 1 minute
with ultrasonic cleaning (BRANSONIC 5210, Germany),
they were immersed in Methylene Blue solution for 5
minutes to improve the visibility of voids, then rinsed
with water and air-dried.

One examiner evaluated the specimens under
a stereomicroscope with 20X magnification (ML 9300
MEUI TECHNO, Saitama, Japan) and photographed the
specimens with a digital camera (AxioCam MRc 5, Carl

Zeiss, Germany). Each section was measured for number

of voids, void diameter, total view area, total void area
and thickness of the first increment with analysis software
(ImagePro-plus, Media Cybernetics, USA). Then, the
percent area of void was calculated. Only large void
that was larger than 150 pm in diameter was counted

and evaluated.

The nonparametric Kruskal-Wallis test was
performed to analyze the number of voids and percent
void area among the 4 material groups of each cavity
preparation, followed by multiple pairwise comparisons.
A significance level of 0.05 was used for all analyses.
The data for thickness measurement was analyzed
using descriptive statistics. All tests were performed with

SPSS 20.0 software (Chicago, IL, USA).

As a control procedure, 4 resin composites were
evaluated for porosities that were larger than 150 um
in diameter. All resin composites were cut from the
syringe tips and unidose capsule tips, light-cured and
sectioned for microscopic evaluation. The results were

shown to be free of large porosities (Figure 2).

Figure 2 Cured composite samples from manufacturer batch (1.SonicFill 2, 2.Filtek Bulk Fill (capsule), 3.Filtek Bulk Fill (syringe), 4. Premise)
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A total of 160 sections were available for
evaluation, which were comprised of 80 sections for
small cavity preparation and 80 sections for large cavity
preparation. The number of voids for the 4 material
groups in small cavities are presented in Table 3. There
was a statistically significant difference (p<0.05) in the
number of voids among the 4 groups. The results were

in ascending order as follows: SonicFill 2, Filtek Bulk Fill

(capsule), Filtek Bulk Fill (syringe) and Premise. The
pairwise comparisons between groups showed no
significant differences (p>0.05) between SonicFill 2 and
Filtek Bulk Fill (capsule), or between Filtek Bulk Fill
(capsule) and Filtek Bulk Fill (syringe). The number of voids
for the 4 material groups in large cavities are presented
in Table 3. The evaluation showed no significant difference

(p>0.05) in the number of voids among the 4 groups.

Table 3 The number of voids for small and large cavity preparation

Small Cavity Large Cavity
Group
Number of Voids Median (Q1,Q3) Number of Voids Median (Q1,Q3)
SonicFill 2 2.00 (0.25,2.00) *° 3.50 (2.00,4.00) *

Filtek Bulk Fill (capsule)

Filtek Bulk Fill (syringe)

Premise

2.00 (0.25,2.75) °°

2.50(1.25,4.75)

4.00 (3.00,6.75) ¢

3.00 (2.00,3.75) *

3.50 (2.00,5.00) *

4.00 (3.00,6.00)

-Void composed of > 150 um in diameter

-Kruskal-Wallis test: The results with the same superscript letters are not statistically different (at p<0.05)

The percent void area for the 4 material groups in
small cavities are summarized in Table 4. The results
showed that there was a statistically significant difference
(p<0.05) in the percent void area among the 4 groups.
The results were in ascending order as follows: SonicFill
2, Filtek Bulk Fill (capsule), Premise and Filtek Bulk Fill

(syringe). For the between groups comparisons, there

was a significant difference (p<0.05) in the percent void
area between SonicFill 2 and Filtek Bulk Fill (syringe),
SonicFill 2 and Premise, and Filtek Bulk Fill (capsule)
and Premise. On the other hand, the evaluation showed
no significant difference (p>0.05) in the percent of void
area among the 4 groups in large cavities. The percent

void area of the 4 material groups are presented in Table 4.

Table 4 The percent void area of small and large cavity preparation

Small Cavity Large Cavity
Group
Percent Void Area (%) Median (Q1,Q3) Percent Void Area (%) Median (Q1,Q3)
SonicFill 2 0.19 (0.02,0.57) ° 0.53 (0.40,0.96) *

Filtek Bulk Fill (capsule)

Filtek Bulk Fill (syringe)

Premise

0.21 (0.02,0.53) *°

0.50 (0.19,1.53) > ©

0.90(0.44,1.19)

0.49 (0.23,0.70) *

0.48 (0.17,0.84) *

0.69 (0.30,0.90) *

-Void composed of > 150 um in diameter

-Kruskal-Wallis test: The results with the same superscript letters are not statistically different (at p<0.05)
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In this study, the first increments were measured
for thickness, specifically for thickness greater than
recommended for the first increment. From the results
of thickness greater than recommended, the descriptive
statistics of the 4 material groups in small cavities are
shown in Table 5. Filtek Bulk Fill (syringe) showed the
lowest of 65 % for the first increments that were thicker

than the recommended thickness. For the overall result of

small cavity preparations, 86.3 % of the first increments
were thicker than the recommended thickness. The
results of the 4 material groups in large cavities are
shown in Table 5. Filtek Bulk Fill (capsule) showed the
lowest of 75 % for the first increments that were thicker
than the recommended thickness. For the overall result of
large cavity preparations, 91.30 % of the first increments

were thicker than the recommended thickness.

Table 5 The number and percent of the first increment thicker than the recommended thickness for small and large cavity preparation

Number of Restorations

Percentage of Restorations

Group (Incorrect / Correct) (Incorrect / Correct)

Small Cavity Large Cavity Small Cavity Large Cavity
SonicFill 2 19/1 20/0 95/5 100/0
Filtek Bulk Fill (capsule) 19/1 15/5 95/5 75/25
Filtek Bulk Fill (syringe) 13/7 19/1 65/35 95/5
Premise 18/2 19/1 90/10 95/5
Total of Percent Incorrect Restoration 86.3 % 91.3 %

- Incorrect: The first increment thickness is thicker than manufacturer’s recommendation.

- Correct: The first increment thickness is equal or less than manufacturer’s recommendation.

From the evaluation of 4 resin composite sections
that were cut from the syringe tips and unidose capsule
tips, it was shown that the materials were free of large
porosities. However, a few microporosities (<150 pm in
diameter) were found in the materials. This result is in
accordance with previous studies.'****

Voids have been evaluated and measured with
different techniques, sectioning the sample and observing
under microscope is the most basic destructive

13,19,26,27
method.>1%

In this study, only voids that were larger
than 150 pm in diameter were evaluated. The presence
of these voids within the restorations could be due to the
application technique. The restorations were sectioned
vertically in a mesio-distal direction. In this way, voids

could be found if they appeared along the section line.
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In fact, the restorations could have more voids than the
reported results.

Voids are located in the same frequency within
all materials, but gaps are more frequently located
within high viscous composites, both at the bottom and
at the side cavity walls.” In this study, voids could be
found scattered in all parts of the section and varied
from round to irregular shapes. These voids could be
found along the junction between increment layers,
along the position of the axiopulpal line angle, angle
and margin (Figures 3 and 4), which may result from an
inability to adequately adapt the resin composite.
Moreover, the external surface was another area where
voids could be found (Figure 5). The presence of these

voids may cause drawbacks within a restoration.



Figure 3 Voids along the interface layer and void

at the angle (Large cavity preparation)

Figure 4 Voids along the gingival margin (Small cavity

preparation)

Figure 5 Void at the external surface (Small cavity preparation)

In this study, resin composites were categorized
into 2 specific characteristics of application method,
which were injectable and packable resin composite.
SonicFill 2 and Filtek Bulk Fill (capsule) are injectable
type, while Premise and Filtek Bulk Fill (syringe) are
packable type. This study found that the 4 groups of
resin composite had differences in the number of voids
and percent void area. The injectable resin composites,
which included SonicFill 2 and Filtek Bulk Fill (capsule),
showed a lower number of voids and lower percent
void area than the other 2 packable resin composites,
which included Premise and Filtek Bulk Fill (syringe).
Hence the first null hypothesis was rejected. These
findings are consistent with previous studies.”™* From
previous study concerning mode of application, it is

known that the injection technique can decrease voids

and eliminate large voids.”” Furthermore, it has been
shown that the reapplication of resin composite after
being placed into the cavity with a hand instrument can
increase voids between the material and the cavity wall,
if the material sticks to the hand instrument or syringe tip
and is pulled away from the cavity. Likewise, the same
problem may occur when the matrix band is unstable.
This situation may be related more to packable resin
composites.™

No statistical differences (p>0.05) in the number
of voids and percent void area were observed in the 4
material groups for large cavity preparation. Thus, the
second null hypothesis was accepted. The explanation
for this finding may be the preparation design of large
cavity being more prone to increased line angles. In the

same way, Ironside and Makinson'® reported on the
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occurrence of voids at the line angle and the sharp angle.
The study of Opdam and others,"” they compared the
two application techniques between injection technique
and packing technigue in the same operator. From six
operators, all operators produced better void reductions
with the injection technique in small cavities, whereas
not all of them produced better results in large cavities.
Furthermore, a correlation of deeper or wider cavities
with the presence of voids is probably a result of higher
polymerization contraction in larger restorations.”
Resin composite material achieves its thicker consistency
by increasing filler size, modifying filler distribution and
adding other types of fillers. Filler size and distribution
have an effect on the packing stress and viscosity.
Moreover, filler size was found to have an effect on the
presence of voids. Resin composites with larger filler
sizes could result in increased voids, and also affect the
handling properties.”** Thick-consistency composites
tend to produce more voids and imperfect marginal
adaptation than thin-consistency and medium-
consistency composites, whatever the application mode
used. Therefore, larger cavities filled with high viscous
composite material may present a higher amount of
voids and gaps.'*” In this study, all the resin composites
used were thick-consistency composites.

Regarding the thickness of the first increment
as manufacturer recommendation, the injection tech-
nique type used, the tip of SonicFill 2 capsule with 1.5
mm diameter and 2 mm diameter for the Filtek Bulk
Fill (capsule) tip. The diameter of the tips was compared
to the area of the gingival floor (2x3 mm?) in both small
and large cavities and found that diameter for the tips
was probably fit to this area. Therefore, restoring Class |l
cavities with a matrix band placement by injection
application, the operator may not achieve clear access to
estimate the thickness of the first increment accurately
during the dispensing of materials. In addition, the tips
cannot be withdrawn to the same distance as the thickness
of the increment while the materials are dispensing,

causing the materials to overflow on the dispensing tips.
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The former condition resulted in inaccurate thickness
of the first increment. For packing application, the plugger
that was used also has a 1.5 mm diameter tip, so the
operator may not achieve clear access during placement
of the material at the gingival floor.

It can be assumed that the thickness of composite
restoration also depends on the skills of operator. Most
resin composites that were used in this study were
bulk-fill composites determined to be 4 mm thick.
Generally, most dentists are more accustomed to a
2-mm thick layer of conventional resin composite.
However, this current study had only one operator
performed the restorations. The results of this study
showed that most of the first increment thicknesses of
the restorations were thicker than the recommended
increment thickness not only for 4-mm thick, but also
2-mm thick. Placement of the first increment is always
thicker than the recommended thickness and may affect
the depth of cure.

In addition, curing light also has an effect on
polymerization and depth of cure of resin composite.
Light-curing units with blue light emitting diode (LED)
has been recognized as a promising technology for
polymerization of resin-based materials because all the light
emitted is within the spectrum of maximum absorption
of camphorquinone at 468 nm."** In this study, Demi
Plus curing unit (Kerr, Orange, CA, USA) was used. This
light-curing unit has a peak wavelength of 453 nm. The
Demi Plus has a new Periodic level shifting technology
that shifts the output intensity from an impressive base
of 1100 mW/cm? to a peak of 1330 mW/cm?> From
the previous finding, the placement of 4-mm composite
increments cannot be generally recommended for all
high-viscosity bulk-fill materials under evaluation of
degree of conversion and microhardness, at least at
curing times < 30 seconds.” Regarding the degree of
conversion, 30 seconds curing time had positive effect
on polymerization properties at least 4-mm incremental
thickness of bulk-fill composites.””

For this reason, the degree of conversion and



microhardness at the bottom surface of the increment
of these bulk-fill type resin composite should be studied.
Furthermore, skills of operator on performing the
restoration using incremental technique should be

further evaluated.

Within the limitations of this study, it can be
concluded that Class Il resin composite restorations are
difficult to restore free of voids. In small Class Il cavities,
SonicFill 2 showed the best results for the number of
voids and percent void area. From the overview, SonicFill
2 and Filtek Bulk Fill (capsule), which are injectable
resin composites, showed better results in the number
of voids and percent void area. Nevertheless, the large
cavity group showed no difference in results for voids
regardless of the material used. The results of this study
showed that most of the first increment thicknesses in
restorations were thicker than the recommended thickness
for both small and large cavities. Therefore, dentists
should exercise more awareness and care when carrying

out composite placement.
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The aim of this study was to compare the maximum static frictional resistance of the various orthodontic
ligation methods. The 0.0197x0.025” straight stainless steel main archwires were ligated on 0.0227x0.028” slot

maxillary right central incisor standard stainless steel brackets. The samples were divided into six groups according
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to ligation methods (10 samples per group): stainless steel ligation (Group 1); and five elastomeric ligations which
were conventional ligation (Group 2); one pair of wing ligation (Group 3); two pairs of wing ligation (Group 4); cross-wing
ligation (Group 5); and figure of eight ligation (Group 6). Then, all samples were tested using a Universal Testing
Machine. The main archwires were pulled vertically and the maximum static frictional resistance was calculated.
In order to compare the mean maximum static frictional resistance among the groups, One-Way ANOVA and Dun-
nett’s T3 multiple comparison test were used. Most ligation methods had different maximum static frictional
resistance (p<0.05). The least mean maximum static frictional resistance was in the stainless steel ligation group

(37.12+15.15 g), and was not significantly different from that in the cross-wing elastomeric ligation group (44.10+7.50 @).

The greatest static frictional resistance was in the figure of eight elastomeric ligation group (226.64+37.94 g).
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Figure 1 Various ligation methods on main arch wire for each experimental group.

A: n@ilﬁ 1 dasagamsinnannallsata (Group 1: Stainless steel ligation)

B: nzg'i/ﬁ 2 slageeraiasiauuusssun (Group 2: Conventional elastomeric ligation)

C ﬁ@ﬁlﬁ 3 dinAeenddndauvunaastng g (Group 3: One pair of wing elastomeric ligation)
D: nzj:uﬁ' 4 sinAeeedinddauuunaesin 2 g (Group 4: Two pairs of wing elastomeric ligation)
E: nzgﬁuﬁ" 5 slagaeeaiasinuuunies (Group 5: Cross-wing elastomeric ligation)

F: nzgﬁuﬁ" 6 dameelndauvulyizuiaviuun (Group 6: Figure of eight elastomeric ligation)
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Table 1 Means, standard deviations and ranges of maximum static frictional resistance of experimental groups.

Maximum static frictional resistance (grams)

Group Ligation method N
Mean SD Min Max
1 Stainless steel ligation 10 37.12° 15.15 14.29 61.30
2 Conventional elastomeric ligation 10 92.01° 11.39 74.04 108.04
3 One-pair of wing elastomeric ligation 10 58.51° 13.01 41.33 79.46
4 Two-pairs of wing elastomeric ligation 10 118.48° 25.66 87.46 160.58
5 Cross-wing elastomeric ligation 10 44.10°° 7.50 35.00 57.92
6 Figure of eight elastomeric ligation 10 226.64° 37.94 173.99 228.21

*H2ONYINAIAUAE: AIONYITUNIOUTMARININGUITA AN TUFEIANIUTINGIgAlaiunnmeiufissaUTeaIAy 0.05

*Superscript letters following mean values: the same letters indicate no significant difference in maximum static frictional resistance at p-value 0.05
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Figure 4 Means and standard deviations of maximum static frictional resistance of orthodontic ligation methods

1. Stainless steel ligation
2. Conventional elastomeric ligation

3. One pair of wing elastomeric ligation

4. Two pairs of wing elastomeric ligation
5. Cross-wing elastomeric ligation

6. Figure of eight elastomeric ligation
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frictional resistance at p-value 0.05
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