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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,
June, September and December.

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, .omp and .jpeg with resolution at least
300 dpi. with 2 MB.

Contact Address

Editorial Staff of the Journal of the Dental Association
of Thailand

The Dental Association of Thailand

71 Ladprao 95

Wangtonglang Bangkok 10310

Email: jdat.editor@gmail.com

Telephone: 669-7007-0341

Manuscript Preparation

1. For English article, use font of Cordia New Style size
16 in a standard A4 paper (21.2 x 29.7 cm) with
2.5 cm margin on all four sides. The manuscript

should be typewritten.

For Thai article, use font of Cordia New Style size 16
in a standard A4 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
ilustrations  The contents and alphabets in the illustrations
and tables must be in English. All figures and table must
be clearly illustrated with the legend. 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 Ensglish 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 according to the ethical 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
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, eraphs or illustrations
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 concerned experimental study.

It should indicate the new discovery and/or
important issues including the conclusion from
the study. New suggestion, problems and
threats from the experiments should also be
informed in the discussion and 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 concerned document
that the authors referred in the articles. Names of
the journals must be abbreviated according to
the journal name lists in “Index Medicus”
published annually or from the website
http://www.nlm.nih.gov

Writing the References

The references of both Thai and English articles
must be written only in English. Reference system must
be Vancouver system, using Arabic numbers, making
order according to the texts chronologically. Titles of
the Journals must be in Bold and Italics. The publication
year, issue and pages are listed respectively without
volume.
Sample of references from articles in Journals

Phantumvanit P, Feagin FF, Koulourides T. Strong
and weak acids sampling for fluoride of enamel
remineralized sodium fluoride solutions. Caries Res
1977;11:56-61.

- Institutional authors

Council on Dental materials and Devices.

New AmericanDental Association Specification

No.27 for direct filling resins. J Am Dent Assoc

1977;94:1191-4.

- No author
Cancer in south Africa [editoriall. S Afr Med J
1994:84:15.

Sample of references from books and other monographs

- Authors being writers
Neville BW, Damn DD, Allen CM, Bouquot JE. Oral
and maxillofacial pathology. Philadelphia: WB
Saunder; 1995. p. 17-20

- Authors being both writer and editor
Norman IJ, Redfern SJ, editors. Mental health care
for the elderly people. New York: Churchill
Livingstone; 1996.

- Books with authors for each separate chapter




-Books with authors for each separate chapter
and also have editor

Sanders BJ, Henderson HZ, Avery DR. Pit and fissure
sealants; In: McDonald RE, Avery DR, editors.
Dentistry for the child and adolescent. 7" ed.
St Louis: Mosby; 2000. p. 373-83.
- Institutional authors
International Organization for Standardization.
ISO/TR 11405 Dental materials-Guidance on
testing of adhesion to tooth structure. Geneva:
ISO; 1994.
Samples of references from academic conferences
- Conference proceedings
Kimura J, Shibasaki H, editors. Recent advances
in clinical neurophysiology. Proceedings of the 10"
International Congress of EMG and Clinical
Neuro physiology; 1995 Oct 15-19; Kyoto, Japan.
Amsterdam: Elsevier; 1996.
- Conference paper
Hotz PR. Dental plaque control and caries. In: Lang
PN, Attstrom R, Loe H, editors. Proceedings of the
European Work shop on Mechanical Plaque
Control; 1998 May 9-12; Berne, Switzerland.
Chicago: Quintessence Publishing; 1998. p. 35-49.
- Documents from scientific or technical reports
Fluoride and human health. WHO Monograph;
1970. Series no.59.

Samples of reference from thesis

Muandmingsuk A. The adhesion of a composite resin
to etched enamel of young and old teeth [dissertation].
Texas: The University of Texas, Dental Branch at Houston; 1974.

Samples of reference from articles in press
Swasdison S, Apinhasmit W, Siri-upatham C,
Tungpisityoitn M, Pateepasen R, Suppipat N, et al.
Chemical sterilization for barrier membranes is toxic to
human gingival fibroblasts. J Dent Assoc Thai. In press
2000. *In this case, accepted letter must be attached.

Samples of reference from these articles are only
accepted in electronic format
- Online-only Article (With doi (digital identification
object number)
Rasperini G, Acunzo R, Limiroli E. Decision making
in gingival rec ession treatment: Scientific evidence
and clinical experience. Clin Adv Periodontics
2011;1: 41-52. doi:10.1902 cap.2011.100002.
-Online only article (without doi)
Abood S. Quality improvement initiative in
nursing homes: the ANA acts in an advisory role.
Am J Nurs 2002;102(6) [cited 2002 Aug 12]

Available from: http://www.nursingworld.org/
AJN/2002/june/Wawatch.htmArticle.
- Ahead of printing
McGuire MK, Scheyer ET, Nevins M, Neiva R,
Cochran DL, Mellonig JT, et al. Living cellular
construct for increasing the width of keratinized
gingival. Results from a randomized, withinpatient,
controlled trial [published online ahead of print
March 29, 2011]. J Periodontol doi:10.1902/
jop.2011.100671.

Samples of references from patents/petty patents
Patent
Pagedas AC, inventor; Ancel Surgical R&D Inc.,
assignee. Flexible endoscopic grasping and cutting
device and positioning tool assembly. United States
patent US 20020103498. 2002 Aug 1.

Petty patent

Priprem A, inventor, Khon Kaen University. Sunscreen
gel and its manufacturing process. Thailand petty patent
TH1003001008. 2010 Sep 20.

Preparation of the Review articles and Case reports

Review articles and case reports should follow
the same format with separate pages for Abstract,
Introduction, Discussion, Conclusion, Acknowledgement
and References.

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.

The author should realize the importance of correct
format manuscript, which would affect the duration of
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.

Color Printing (baht / 2,000 copy) : Extra charge for
addition color printing for 1-16 pages is 15,000 baht
vat included. The price is subjected to change with
prior notice.
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Abstract

Periodontal disease is one of the major health problem impacted the quality of human life and associated
with systemic diseases. A number of antiplaque agents and antibiotics have been used as an adjunctive treatment for
periodontal therapy. However, the use of these agents might increase bacterial resistance and unwanted side effects.
Herbs are important sources of new drug development. Some herbs have been used for century in traditional
medicine. This literature will provide the research information about Thai medicinal plants that have potential to

be the candidates for development of anti-plaque and anti-periodontal agents in the future.

Keywords: Thai herbs, Periodontal disease, Anti-periodontal pathogen, Anti-inflammation
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The Usage of Oral Appliance for Maintaining Jaw Position in Hemimandibulectomy

Patient: A Case Report
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Abstract

The maintenance of mandibular position is an important part of the treatment process in the
hemimandibulectomy patient. It corrects the mandibular position into the normal and helps patient function the jaw.
This case report presents the usage of an oral appliance modified from the upper occlusal splint, which the palatal
and labial flanges were added for guidance in a 31-year-old female patient who was treated for myxoid chondrosarcoma
by the right hemimandibulectomy. After the surgery, the patient had her mandible deviated 10 millimeters to the right
in the habitual occlusion. By wearing the oral appliance at night time for 6 months, she could constantly bite in
the intercuspal position without mandibular manipulation. The patient reported that her mastication was improved.
In conclusion, the intracral appliance modified from the occlusal splint is profitable in maintaining the mandibular

position of the hemimandibulectomy patient.
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Figure 1 Extraoral and intraoral photographs: at first visit

A mmdendesnsunthuansynssinsarudeauulusiuy) (Extraoral frontal view showing mandible deviated to the right-side )

8. nmuenvesinmuyuaninIsiaguveslumily (Extraoral right view showing facial deformity)

C. amludosinuanesumlauiiuiituidas (ntraoral view showing habitual occlusion)

D. mwlusesthauansituuu (ntraoral view showing maxillary teeth)

E. mwnlusesthnuansiiua (Intraoral view showing mandibular teeth)
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Figure 3 Design and usage of oral appliance modifying stabilization splint with palatal and labial flange addition
A. wmazm7mmwmwamsao:JaZwaaUm%msmamn75@7U7f7 (Waxing process of oral appliance at open mouth simulation)
B. °z/wv7aun7544&707/&/0%04@5@@1/@714%@0z/mwmzmammsziw]m (Waxing process of oral appliance at closed mouth simulation)
C msauldniodelusonnvagihes i leddntniiumnuuassnaiihavimihiltussunudmnssinsaadagiumiayit

(Wearing of the oral appliance guiding the mandible by the palatal and labial flanges at open mouth position)
D. msmulainTedeluvosnvasgagyuuin lngdadndmne 1uuas s nisuruntagnedunisrinssinsan

(Wearing of the oral appliance maintaining the mandible by the palatal and labial flanges at closed mouth position)
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(After oral appliance treatment, the patient was able to guide her jaw into the intercuspal position without jaw manipulation)

F. inSesdlalutosnuanstniiduma uuasdusuEiun (Oral appliance showing the palatal and labial guidances)
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Abstract

There are various patterns of longitudinal tooth fractures. Patients often present with pain or sensitivity.
Radiographic evaluation cannot detect initial crack, it may difficult to locate the caused tooth. The location, direction
and extension of cracks and fractures have an effect on the choice of treatment. Cracks and fractures are the pathways
for bacterial penetration, which could lead to inflammation and disease of pulp tissue. In this report, clinical

examinations, diagnosis and treatments of longitudinal tooth fracture are reviewed and discussed.
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Figure 6  Periapical film and Gutta percha tracing film.
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Effect of Different Surface Treatment Methods on Shear Bond Strength of
Orthodontic Metal Brackets to Four Provisional Restorative Materials

Marut Banrai', Ratchawan Tansalarak’, Jutharat Chimruang' and Mayurach Pipatphatsakorn®
'Department of Preventive Dentistry, Faculty of Dentistry, Naresuan University, Phitsanulok
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Abstract

The aims of this study were to determine the effect of different surface treatment methods and provisional
materials on the shear bond strength of orthodontic brackets. One hundred and sixty samples were randomly
divided into 4 material groups (n=40); A: acrylic resin (Unifast™ Trad), B: bis-acryl (Protemp™ 4), C: polycarbonate
crown (3M ESPE), D: denture teeth (Cosmo™ HXL). In groups A and B, 5x5x2 millimeter box-form cavities were
prepared on cured resin blocks and these cavities were filled with provisional materials. After polymerization, the
materials” surfaces were polished and stored in distilled water for 7 days. In group C and group D, samples were
embedded in a self-curing epoxy resin within polyvinyl chloride pipes in which the labial surfaces of C and D were
above the self-curing epoxy resin and stored in distilled water for 7 days. Samples of each group were randomly
divided into 4 subgroups of the following surface treatments (n=10); 1: Control, 2: 600-grit sandpaper, 3: Assure™
Plus, and 4: Sandblast. Lower incisors brackets (Gemini™, 3M) were attached with Transbond™ XT adhesive. All
samples were stored in distilled water for 24 hours. A thermocycling procedure was conducted for 500 cycles
between 5 °C and 55 °C. Samples were stored in distilled water for 24 hours. The shear bond strength was measured
with a universal testing machine. The mode of failure was examined under a stereo microscope.

The results of the surface treatment groups showed that the mean shear bond strength of sandblasting
groups was significantly higher than all other surface treatment groups of all materials, except for sandblasting on the
bis-acryl group (B4) (p<0.05). Other surface treatment methods on all materials showed no statistically significantly
difference except in the polycarbonate crown with Assure™ Plus (C3), which presented the lowest mean shear bond
strength (p<0.05). The mean shear bond strengths of custom type materials (group A and B) were significantly higher
than the prefabricated type material (group C and D) (p<0.05).

Both types of materials and surface treatment methods influenced the shear bond strength of the brackets
bonded to the provisional materials. The sandblasting technique enhanced the shear bond strength effectively in
all materials except for bis-acryl that originally expressed high shear bond strength even without surface treatment.
The surface treatment that uses the sandblasting technique and using bis-acryl composite which exhibited higher

shear bond strength to other materials and surface treatment may offer a good option in clinical practice.

Keywords: Bracket, Provisional restoration, Shear bond strength, Surface treatment
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Introduction

Currently, orthodontic treatment is widely
applied to all age groups including e adults with complex
dental problems. Some of these problems are teeth loss,
large carious and root canal treatment are usually
followed by fixed or removable prostheses for substitution.
The orthodontic treatment plan for these patients
should be concerned about esthetic in the anterior
region, occlusal relationships, and maintaining mesio-distal
width of the teeth during orthodontic treatment. Therefore,
provisional restoration plays a major role in successful
permanent fixed prosthesis after the completion of
orthodontic treatment. Orthodontic patients with anterior
tooth loss should have bonded brackets onto denture
tooth and tie them onto the main archwire. A denture
tooth should be used to fill the space for esthetic
improvement and to maintain the proper space. An
orthodontic band can be used in posterior root canal
treated teeth, whereas the provisional crown is suitable
for in anterior root canal treated teeth due to esthetic
concerns.' The bond strength between brackets to the
provisional materials and denture teeth is relatively
lower than brackets bonded to enamel.” The failure of
bonded brackets on these provisional material surfaces
has been studied. The detachment of brackets will prolong
the treatment time, reduce efficacy of treatment, and
endanger the patients in the case of using prefabricated
denture teeth tied to main archwire.” Thus, producing
higher bracket bond strength to provisional materials
and denture teeth will ensure better orthodontic treatment
results.

From previous studies, the shear bond strengths

of orthodontic brackets to provisional materials depends

on various factors such as material, surface treatment
method, duration of polymerization, and bracket base
designs.”” However, the previous studies did not fully
compare different surface treatments and universal
bonding usage on custom type provisional materials
(self-curing acrylic resin and bis-acryl composite resin) and
prefabricated type provisional materials (polycarbonate
crown and prefabricated denture teeth) including artificial
aging with thermocycling. Thus, this study was designed
to cover more factors that effect to shear bond strength
on orthodontic metal brackets to provisional restorative
materials.

The aims of this study were to determine the
shear bond strength of orthodontic brackets bonded to
provisional materials under the different surface treatments.
The null hypothesis was material types, surface treatments
could not affect the shear bond strength of orthodontic

metal brackets.

Materials and Methods

The sample size was calculated from Cohen’s
sample size table (1988) with the power of the test = 0.80
in which the level of significance was set at 0.05, effect
size = 0.80 and degree of freedom = 9. Each experimental
subgroup contained 10 samples. In this study, four
materials were divided into four groups. Each group
contained 40 samples: Group A represented the self-curing
acrylic group (Unifast™ Trad), Group B represented the
bis-acryl composite group (Protemp™ 4), Group C
represented the polycarbonate crowns group (3M ESPE),

and Group D represented the prefabricated acrylic
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denture teeth (Cosmo™ HXL). The materials, the
manufacturers and their compositions used in this study
are presented in Table 1. The box-form cavities (size
5x5x2 mm) were created with round and fissure burs
on the surfaces of the polymerized self-curing acrylic
resin in polyvinyl chloride (PVC) pipes (diameter 20 mm;
length 12 mm). The molds of this cavity were created
by silicone putty impressions for identical specimen
cavities. Samples of Groups A and B were placed in PVC
pipes then filled with clear polyester resin in a silicone
mold. After the polymerization of the clear polyester
resin was completed, the surfaces were polished with
600-, 800- and 1200-grit sandpaper, respectively. Group
A (self-curing acrylic resin group): Self-curing acrylic was
mixed by using powder/liquid ratio: 1g of powder to 0.5 ml
of liquid as per the manufacturer’s recommendation. The
powder was added to the liquid and mixed thoroughly
for 10-15 seconds. The mixture reached a dough state
at 20-30 seconds after mixing. All manipulation was
finished within 2 minutes after mixing. The samples were
kept in 37°C distilled water for 7 days until fully
polymerized. Polishing was performed with 600-, 800-,
and 1200-grit sandpaper and finally yellow silicone bur.
Group B (bis-acryl composite group): Bis-acryl composite
resin was fabricated by loading the material to fill into
the box in the PVC pipes. Finishing was achieved by
using 70 % alcohol wiped labial surfaces to remove
air-inhibited layers at 5 minutes after the onset of mixing.
Group C (polycarbonate crowns group): The labial surface
of the polycarbonate crowns was embedded to clear
the polyester resin in the PVC pipes. The labial surface of
the samples was above the clear polyester resin. Group D
(prefabricated denture teeth): The labial surface of the
dentures were embedded in PVC pipes following the
same procedure as Group C. All samples were stored in
37°C distilled water for 7 days to wait until the material
had reached full cross-linking polymerization.®

Forty samples of each material were randomly
divided into four subgroups according to the surface

treatment methods; Subgroup 1: The control group in

which no surface treatment was applied, Subgroup 2:
Surfaces that were roughened with 600-grit sandpaper
with an up and down direction 10 times, Subgroup 3:
Changed Transbond™ XT bonding agent to Assure™ Plus
bonding agent. After etching with 37 % phosphoric acid
for 15 seconds, one coat of liquid was applied to the
surfaces by bonding the surfaces with a micro brush,
and air dried with a chairside triple syringe for 5 seconds
then bonded with Transbond™ XT adhesive. Subgroup 4:
The surfaces were sandblasted by a Micro-abrasive
sandblaster, (Parkell™ Inc, New York, USA), blowing 50um
aluminum oxide particles with 2 bars of pressure in 2 seconds.
The distance was 5 mm perpendicular to the surface
of an object. After the surface treatment preparation,
samples in Groups 1, 2, and 4 were rinsed and air dried
with a chairside triple syringe. Mandibular incisors
orthodontic brackets (Gemini™ metal bracket, Unitek™,
3M with network micro-etched 80-gauge base design)
were attached to provisional materials with the light
curing adhesive system (Transbond™ XT, Unitek™, 3M)
by a manufactory manual. The surface of the provisional
material was etched with 37 % phosphoric acid for 15
seconds and then rinsed with running water for 10
seconds and air dried with a chairside triple syringe for
5 seconds. A thin layer of adhesive was applied to the
testing surface except for Group 3. A small amount of
Transbond™ XT was applied to the bracket bases and
pushed to the center position of each specimen. The
excess orthodontic adhesive was removed by explorer.
Then, light-cured with a light emitting diode (LED) light
curing unit 2 mm from the bracket bases, 10 seconds
at the mesial and distal of the bracket bases. All samples
were stored in 37°C distilled water for 24 hours. Then
500 cycles of thermocycling (TC 301, MERL™, Bangkok,
Thailand) were conducted between temperatures of
5°C and 55°C with exposure to each bath at 20 seconds
(the transfer time between baths was 7 seconds) and
then the specimens were stored in 37°C distilled water
for 24 hours (ISO/TS 11405:2015). The shear bond

strength was tested by a universal testing machine
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Table 1 Composition of experimental materials

Brand Name Manufacturer Preparation Major ingredients Curing system
Protemp™a 3M™ ESPE, St Paul,  Automixing -Bis-acrylic resin composite Self-cure
Minn cartridge -Base paste: Bisphenol A polyethylene glycol diether dimethacrylate

(Bis-EMA) and Bisphenol A glycidylmethacrylate (Bis-GMA) 50-60 %
-Silane-treated amorphous silica 20-30 %
-Polyurethane methacrylate 10-20 %
-Catalyst paste: Ethanol 70-80 %,
-Silane-treated silical0 %
-Benzyl-phenyl-barbituric acid 10 %
Unifast™ Trad GC™America Powder (100 g)  Poly (methyl methacrylate (PMMA) Self-cure
Liquid (104 ml)  Powder: Methyl methacrylate and ethyl methacrylate copolymer
Liquid: Methyl methacrylate monomer, dimethyl-p-toluidine
Denture teeth Cosmo™HXL Preform Interpenetrating polymer
network acrylic resin
Polycarbonate 3M ESPE, St Paul Preform Polycarbonate resin with microglass fibers
crown
Assure™Plus Reliance Liquid -Bisphenol A glycidylmethacrylate (Bis-GMA) 20-50 %,
orthodontic™ -2-Hydroxyethyl Methacrylate (HEMA) 5-25 %
products, Illinois, -Ethanol 30-50 %
USA -10-MDP 5-25 %
Transbond™ XT 3M ESPE, St Paul Single syringe -Bisphenol glycidyl methacrylate (Bis-GMA) 10-20 % Light-cure

paste (4 )

- Bisphenol A polyethylene glycol diether dimethacrylate
(Bis-EMA) 9 %

-2-hydroxyethylether 5-10 %
-Silane-treated quartz 70-80 %

-Silanetreated silica <2 %

-Diphenyliodonium hexafluorophosphaten<0.2 %

Primer: Triethylene glycol dimethacrylate (TEGDMA) 45-55 %,
-Bisphenol A diglycidyl ether dimethacrylate (Bis-GMA) 45-55 %
-Triphenylantimony <1 %,

-4-(dimethylamino)-benzeneethanol <0.5 %,

-Camphoroquinone <0.3 %

-Hydroquinone <0.03

(Instron™ 8872, Instron™ — Euro Headquarters, Coronation
Road, High Wycombe, Bucks, UK) with the cross-head
speed of 1 mm per minute.”® Shear forces were applied
perpendicular to the specimens between the bracket
bases and bond surfaces until the brackets were
detached. The forces in the Newton units were measured.
The shear bond strengths were calculated by the force/
surface area (N/mm?, MPa). All the measurements were
performed by one technician.

All detached brackets and bond surfaces of

each material subgroup were observed as modes of
failures by the zoom stereo (20x) (Olympus™ SZX16,
Hatagaya, Shibuya-ku, Tokyo, Japan).” The modes of
failure were characterized following the site of failures;
Type 1: Mixed failure, Type 2: Adhesive failure, Type 3:
Cohesive failure in materials, and Type 4: Cohesive
failure in resin. The results of the shear bond strength
test calculated the mean and standard deviation by
SPSS program version 17.0. A two-way analysis of variance

(two-way ANOVA) was conducted to analyze the combined
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effect of surface treatment methods and provisional
materials. Tukey HSD was used for post-hoc analysis. All

tests set statistical significance at p-value = 0.05.

The descriptive statistics of shear bond

strengths for four surface treatment methods in four
provisional restorative materials are shown in Table 2.
A two-way ANOVA showed significant interaction between
the materials and surface treatment methods and
revealed the statistical difference within each material
and surface treatment usage (p<0.05). One-way ANOVA
compared interaction of each provisional material within
the same surface treatment method on shear bond
strengths and interaction of each surface treatment
within the same provisional material on shear bond
strengths showed the statistical difference (except for
bis-acryl provisional material) (p<0.05). The samples
with mean shear bond strengths over 15 MPa were
categorized to the high shear bond strength group. The
high shear bond strength group was used to find the
combination of surface treatment and/or provisional
material that created the highest shear bond strength.
The details of all post-hoc tests are described below.
Effect of different surface treatment methods on
shear bond strengths of each provisional material.

Self-curing acrylic resin group: The subgroup Ad
exhibited the highest mean shear bond strength and the
mean shear bond strengths of subgroup Al to subgroup
A3 showed no statistically significantly difference.

Bis-acryl group: There were no statistically
significantly difference among different surface treatments
within the material group.

Polycarbonate crown: The mean shear bond
strength of subgroup C4 was the highest. In contrast,
the mean shear bond strength of subgroup C3 was
significantly lower than subgroup C1, subgroup C2 and
subgroup C4. While subgroup C1 and subgroup C2

showed no statistically significantly different mean shear

bond strength.

Denture teeth: The subgroup D4 presented the
highest mean shear bond strengths. However, the mean
shear bond strengths of D1, D2 and D3 showed no
statistically significantly difference.

Effect of different provisional materials on shear
bond strengths of each surface treatment method.

Control group: The mean shear bond strengths
of subgroup Al and subgroup Bl were statistically
significantly higher than C1 and D1, while the mean
shear bond strengths between subgroup Al and subgroup
B1, and also subgroup C1 and subgroup D1 were not
statistically significantly different.

Sandpaper group: The subgroup B2 revealed
the highest mean shear bond strength, while subgroup
A2 was statistically significantly different from subgroup
B2 and subgroup C2. The mean shear bond strengths
between subgroup C2 and subgroup D2 were not
statistically significantly different.

Assure™ Plus group: The subgroup B3 showed
the highest mean shear bond strength, while the mean
shear bond strength of subgroup C3 was the lowest.
The mean shear bond strengths between subgroup A3
and subgroup D3 were not statistically significantly
different.

Sandblast group: The mean shear bond strengths
of subgroup A4 and subgroup B4 were statistically
significantly higher than subgroup C4 and subgroup D4.
There were no statistically significantly difference between
subgroup Ad and subgroup B4, and also between subgroup
C4 and subgroup D4.

Effect of both different surface treatment methods
and provisional materials on shear bond strengths.

The interaction between the surface treatments
and provisional materials was defined by the high shear
bond strength group. The high shear bond strength
group including subgroups A4, B1, B2, B3, B4, C4 and
D4, presented no statistically significantly difference
among these subgroups (p<0.05)

The sandblasting method on all materials created
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the significantly higher shear bond strength than other
surface treatment methods. However, bis-acryl material
treated by sandblasting (B4) showed no statistically
significantly difference from the bis-acryl without surface
treatment (B1).

The mode of failure of all the specimens is
presented in Table 3. The mode of failure of A1, A2 and
A3 groups was type 2 (adhesive failure) in which the
fracture occurred between the adhesive resin and

material surfaces. In the Ad group, fifty percent of specimen

exhibited type 1 (mixed failure) which occurred as both
adhesive failure (between adhesive resin and provisional
materials) and cohesive failure (within adhesive resin),
and type 2 (adhesive failure). In group B, the mode of
failure was mostly type 1 (mixed failure) which occurred
in both adhesive failure (between adhesive resin and
provisional materials) and cohesive failure (within bis-acryl
material). In group C, the mode of failure was type 2
(adhesive failure). The mode of failure of subgroup D1,

D2, D3 and most of D4 was type 2 (adhesive failure).

Table 2 Shear bond strengths for four surface treatment methods in four provisional restorative materials

Provisional materials

Surface treatments Self-curing acrylic resin (A)

Bis-acryl composite resin (B)

Polycarbonate crown (C)  Prefabricated denture teeth (D)

Mean + SD Mean + SD Mean + SD Mean + SD
Control (1) 19.13 + 2.98° 24.1 + 4.46™° 10.22 + 5.12%¢ 9.37 + 3.23%
Sandpaper (2) 14.30 + 5.65*° 24.51 + 5.49° 7.02 + 4.26% 12.00 + 3.38%¢
Assure™ Plus (3) 14.22 + 5.87*° 26.43 + 5.15 2.26 + 0.76* 9.70 + 4.90*

Sandblasting (4) 26.27 + 3.82%*°

24.50 + 3.85™°

17.96 + 3.32%¢ 21.00 + 4.21%<°

* statistically significantly different of each provisional material at p<0.05

a, b, ¢, d the same letter means no statistically significantly different in each surface treatment method

Table 3 Number of specimens per mode of failure

Groups (n=10)

Mode of failure

Type 1 Type 2 Type 3 Type 4
Al 0 10 0 0
A2 0 10 0 0
A3 0 10 0 0
Ad 5 5 0 0
B1 8 2 0 0
B2 7 3 0 0
B3 8 2 0 0
B4 9 1 0 0
1 0 10 0 0
c2 0 10 0 0
C3 0 10 0 0
ca 0 10 0 0
D1 0 10 0 0
D2 0 10 0 0
D3 0 10 0 0
D4 1 9 0 0
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Discussion

The type of material, surface treatment method
and the combination of material and surface treatment
method played important roles regarding the shear
bond strength. From the results, the material types and
surface treatments affect the shear bond strength. Thus,
the null hypothesis is rejected.

Roughening the surface with 600-grit sandpaper
that simulated clinical grinding with burs to provide
surface roughness and improve mechanical retention.'*
This method is the most common surface treatment as no
additional instrumentation is required and easy to perform.
However, no significant differences were recorded for
shear bond strength between the sandpaper surface
treatment group and the control group in this study.
This result was similar to Al Jabbari et al., Blakey R. and
Mah J. and Chay et al."> which may be explained by
the forming of microcracks after surface grinding by
sandpaper.'” The microcracks are caused by the limited
ability of a strongly crosslinked polymer matrix its limited
plastic deformation to deform plastically during grinding.”
On the contrary, the surface and subsurface microcracks
increase the contact area between the adhesive system
and the surface of the provisional materials, but they
may also act as stress concentrators, initiating fractures
of the adhesive joints.”” Thus, when performing surface
grinding to create surface roughness that enhances the
shear bond strength, force should be applied lightly to
prevent microcrack formation.

The Assure™ Plus adhesive contains 10-
methacryloyloxydecyl dihydrogen phosphate (10-MDP)
with a ethanol solvent (Table 1). This product is a new
universal adhesive system that claims to improve bond
strength on various surfaces including normal, atypical,
wet or dry enamel, dentin and defective enamel, gold,
amalgam, stainless steel, plastic and composite restorations,
porcelains and even zirconia. The 10-MDP is a versatile
amphiphilic monomer with a hydrophobic methacrylate

group on one end (capable of chemical bonding to

methacrylate-based restoratives and adhesive resin) and
a hydrophilic polar phosphate group on the other
(capable of chemical bonding to tooth tissues, metals,
and zirconia)." The dihydrogen phosphate group from
10-MDP monomer is responsible for etching and chemical
bonding, while its long carbonyl chain provides the
hydrophobic properties and hydrolytic stability to this
acidic monomer.’* In this study, Assure™ Plus did not
increase shear bond strengths significantly in self-curing
acrylic resin, bis-acryl composite and prefabricated
denture teeth. In addition, this bonding agent reduced
shear bond strengths in polycarbonate crown material.
The reason for this phenomenon may be the lack of
bonding sites in polycarbonate crown material that can
be attached to both ends of the 10-MDP monomer,
since polycarbonate crown material contains bis-GMA
and polycarbonate monomers with micro-glass fibers
without reactive methacrylate groups like acrylic resin and
bis-acryl; therefore, the methacrylate group of the 10-MDP
functional monomer cannot bond to the polycarbonate
structure. When there are no bonding sites available,
the unreacted Assure™ Plus bonding agent creates
separation between the orthodontic adhesive and the
polycarbonate surface which results in a reduction of
the shear bond strength. In our study, Assure™ Plus
groups were not subjected to surface grinding according to
the manufacturer’s instructions to eliminate confounding
factors from the additional surface treatments.
Sandblasting was the most effective way to
produce the highest shear bond strengths in all materials
(except bis-acryl composite). This method created a
randomized roughened surface with deep pockets,
leading to increased micromechanical retention and shear
bond strength.” The chemical bonding of bi-functional
methacrylate groups within the bis-acryl composite
material to orthodontic adhesive was originally significantly
high.>*'® Thus, the micromechanical retention created

from sandblasting did not synergistically increase in the
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bis-acryl composite material shear bond strengths.

The shear bond strength of custom provisional
material is higher than prefabricated type, due to the
proportion of unreacted methacrylate monomers is
greater than in prefabricated types. Our results revealed
that the shear bond strength of bis-acryl composite
material was the highest, similar to other studies.”*"
Since, the major components of bis-acryl composite
materials are bis-GMA and bi-functional acrylate groups’,
and the high level cross-linked polymers are formed by
free-radical polymerization from dimethacrylates of
bis-GMA and two reactive groups. Thus, this material
provided higher bond strensth compared with the others
because of greater cross-linked density.”® Self-curing
acrylic resin also showed high shear bond strength,
especially when the surfaces were sandblasted. There
is only one reactive group; as a result, in self-curing
acrylic resin, the material exhibited lower shear bond
strength than bis-acryl composite materials.

The mean shear bond strengths of prefabricated
provisional materials were lower than custom types,
caused by cross-linking and a high degree of conversion
impeded the reaction of methacrylate monomers with
functional groups of the adhesive resin. Sandblasting
was an effective method to improve shear bond
strengths in these materials. Our results were similar to
Blakey R, Mah J and Maryanchik |, et al,"*®

The lowest shear bond strengths was showed
in polycarbonate crown group. As described above,
composite resins do not bond to polycarbonate crowns,
thus surface treatment is necessary.'? Polycarbonate is
able to be dissolved by MMA, eugenol, and phosphoric
acid causing surface softening and swelling of the
polycarbonate crown surface, and enhancing infiltration
of the adhesives.” Yilmaz, A. found that surface treatment
by applying MMA for 180 seconds before bracket bonding
created macro and micro-mechanical retention areas
and resulted in higher mean shear bond strengths as

the adhesive agents penetrated and interlocked within

the surface irregularities.’

Denture teeth are fabricated under high pressure
and temperature’®, thus the material has greater density
and fewer potential bonding sites, resulting in low shear
bond strength.'® However, denture teeth are the easiest
option when pontic teeth are required in anterior areas.
Unfortunately, the shear bond strength of this material is
relatively low as mentioned above. However, the force
transfer in anterior teeth is lower than in posterior teeth.
Thus, the shear bond strength with/without surface
treatment may be sufficient for bracket bonded anterior
denture teeth. Using denture teeth in anterior region
without surface treatment may be possible, but
sandblasting is a better recommendation.

The higher shear bond strengths resulted in a
greater number of type 1 mode of failure specimens,
especially for bis-acryl composite material and
sandblasting surface treatment on self-curing acrylic
resin. A type 1 mixed failure with adhesive failure
between adhesive resin and provisional material and
cohesive failure within provisional material was shown
by the bis-acryl composite material only. This result
indicated the superior shear bond strength of the
bis-acryl composite material which tightly bonded with
Transbond™ XT adhesive. In contrast, when the bracket
was debonded or detached this may partially damage
the bonded surface. Fortunately, the damaged surface
can be easily repaired with flowable light curing composite
resin, because of the similar composition of bis-acryl
composite resin and restorative composite resin."

In the oral cavity, thermal changes in cycle from
high and low temperatures normally occur when eating,
drinking, and breathing. The change of oral temperature
may affect the shear bond strength of orthodontic
brackets bond to tooth or non-tooth surfaces.” The
difference of coefficient of thermal expansion between
orthodontic adhesives, brackets, and dental material
surfaces created weakness in molecular bond. Repeated

expansion and shrinkage will produce internal stress
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that reduces the shear bond strength.” Thus, the change
of temperature is an important factor to consider. In
this study, artificial aging was included by the use of
thermocycling machine. This method is a minimal mimicking
the oral environment to simulate the usage of bonding
bracket in oral cavity. After being exposed to 500 cycles
of thermocycling, there was no detached bracket found
in our study.

Reynolds IR.”! noted that the minimum
recommended shear bond strength for orthodontic
treatment was 6-8 MPa. The results indicated that most
of provisional materials had sufficient shear bond
strengths, except polycarbonate crowns with Assure™
Plus bonding agent. Theoretically, all materials could
directly bond with metal brackets without additional
surface treatment as they all exhibited higher values
than the minimum shear bond strength recommendation.
However, in clinical practice, several forces are applied
from diverse directions in both anterior and posterior
teeth. Hence, it is necessary to ensure high bond strength
to maintain brackets attachment on provisional or
pontic material surfaces until the orthodontic treatment
is complete.

From this study, surface treatment with sandblasting
technique and the use of bis-acryl composite material
exhibited the highest shear bond strength. This may
offer a good option in many orthodontic cases.

For clinical practice application, Al Jabbari, S.
et al.? suggested that provisional crowns fabricated from
bis-acryl composite material are acceptable for provisional
restorations required in posterior teeth for a minimized
chance of bracket detachment. If substitution teeth are
required for patients with anterior deep bite or high load
forces such as edge to edge bite, then sandblasting should
be performed on the denture tooth. However, many
dental practices do not have a sandblaster. Consequently,
the fabrication of pontic teeth from custom provisional

restorative materials becomes an alternative choice.’

Although the shear bond strength for custom provisional
materials are high, more chair time is required to fabricate
provisional restorations than prefabricated types. It is
suggested that custom provisional restorations should
be fabricated before appointments to gain higher shear
bond strength and to reduce chair time.

Cost is another important factor for the clinician
to consider which material or surface treatment to use
in provisional restoration. Bis-acryl composite materials
provide the highest shear bond strength and are esthetic
and easy to use, however, it is the most expensive when
compared to other materials. Self-curing acrylic materials
are the cheapest per restoration unit, but it offers inferior
esthetic qualities and patients are required to spend a
long time in the chair in order to do the fabrication.
Polycarbonate crowns showed the lowest mean shear
bond strength with a high cost per unit, but they have good
esthetic properties and are easy to use. Prefabricated
denture teeth are the easiest material to manipulate
for pontics of anterior teeth. The residual prefabricated
denture teeth from prosthodontic treatments can be
used for this purpose with no cost if the shade and size

both match.

Conclusion

Both type of materials and surface treatment
methods affected the shear bond strength of brackets
bonded to provisional materials. The sandblasting
technique enhanced the shear bond strength effectively
in all materials except for bis-acryl that originally
expressed high shear bond strength even without surface
treatment. The shear bond strengths of custom type
materials were significantly higher than prefabricated
type materials The polycarbonate crown exhibited the
lowest shear bond strength; moreover, Assure™ Plus
has significantly reduced the shear bond strength of the

polycarbonate crown in this study.
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Original Article

Relationship between Facial Alveolar Bone Thickness and Root
Position of Maxillary Anterior Teeth Using Cone Beam Computed

Tomography

Papatpong Sirikururat' and Supranee Benjasupattananan'

'School of Dental Medicine, Faculty of dental medicine, Rangsit University, Pathumthani

Abstract

This study purposed to assess the average of the facial alveolar bone thickness at the facial root surface
of the maxillary anterior teeth, along with its relationship to the root position by using cone-beam computed
tomography (CBCT) in a group of Thai population. Seventy CBCT scans (420 teeth) were randomly selected from
the CBCT database at School of Dental Medicine, Rangsit University. The exclusion criteria were the subjects with
extensive dental caries, fixed coronal restoration, severe root resorption, and destructive periodontal disease in
maxillary anterior region. After recruitment, 406 teeth were used to measure facial alveolar bone thickness and
sagittal root position (SRP). The data of the facial alveolar bone thickness was collected in cross-sectional dimensions.
The measurements were performed at three reference points, which were 4 mm apical to CEJ (R1), midpoint
between 4 mm to CEJ and mid-root (R2), and mid-root (R3). The results revealed that the facial alveolar bone
thickness seemingly decreased apically in every type of tooth. The mean facial bone thickness of maxillary teeth
was between 0.67+0.75 to 1.04+0.67 mm. The majority of examined teeth in this study exhibited Class | SRP (overall
92.87 %; central incisor 93.87 %, lateral incisor 89.85 %, and canine 95.56 %). Class Il SRP was found to be 5.4 %,
522 % and 2.27 % in lateral incisor, central incisor and canine respectively. Class IV SRP was found only 1.73 %
(lateral incisor 1.45 %, central incisor 1.50 % and canine 2.22 %). But Class Ill SRP did not present in this studly.
Simple correlation test showed no statistically significance between the facial alveolar bone thickness and root
position. In conclusion, the anterior maxillary teeth have a high prevalence of thin facial alveolar bone wall. These
findings may consider risking of facial alveolar bone dehiscence, fenestration or soft tissue recession after immediate
implant placement. The majority of the root position is SRP class | which is favorable for the implant - alveolar

bone engagement of immediate implant placement.

Keyword: Facial alveolar bone thickness, Root position, Dental cone beam computed tomography, Anterior maxilla
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Introduction

Immediate implant placement and provisionalization
has been claimed to be the treatment of choice when
it comes to replacing failing teeth in esthetic zone due
to its stability of soft tissue shape over time."*’
To achieve an esthetically successful outcome, the bone
surrounding root apex at palatal side should be 4-5 mm,
and at buccal aspect of the root surface should be 2 mm
in thickness to provide stable post-implant placement
environment and prevent soft tissue recession, fenestration,
and dehiscence.**° Sagittal root position (SRP) represents
the relationship of root to its osseous housing which is
important in determining the feasibility of immediate
implant placement. The amount of palatal alveolar
bone is considered for implant engagement to attain
primary stability during immediate implant placement.
The other anatomical factor that should be considered
for dental implant in esthetic zone is the marginal bone
thickness at mesial and distal to the implants, and the
facio-lingual dimension of the papillary base that correlates
to papillary fill and gingival recession after the treatment.*’
To assess and determine the factors concerned, the
information of the underlying structures that involved
in implants treatment should be carefully and precisely
measured by means of gathering the data to construct
a proper treatment plan that is best suited case by case.
Not only a clinical and non-invasive data-collecting
examination, but also radiographic examinations are
required, which is mandatory for observing hard tissue
and bony structure prior to the treatment plan for

implantation established.”®

Cone beam computed tomography (CBCT) has
been considered to be a useful radiographic assessment
prior to implant placement since it offers a 3D imaging
of the bony structure while providing a less radiation
dose compare to that medical CT or other types of
radiograph with equal information.”'* Anyhow, the study
about facial alveolar bone thickness using CBCT in Thai
population is still very limited. The available information
shown the low prevalence of labial plate thicker than
1 mm." The facial alveolar bone wall should be ideally
at least 2 mm after implant bed preparation.”” Hence,
sufficient information is required for the prediction of
implant treatment outcome in Thai population. The
aims of this study were to assess average bone thickness
at three reference points along the facial root surface
of anterior teeth, and along with its relationship to the
root position, by assessing the radiographic images from
the CBCT.

Materials and Methods

Seventy CT scans (420 teeth) were randomly
selected from the CBCT database at school of Dental
Medicine, Rangsit University. The inclusion criteria were
applied to all of participants’ age between 20-70 years
old that presented of all maxillary anterior teeth (central
incisors, lateral incisors, canines). The exclusion criteria
included the participants with extensive dental caries,
fixed coronal restorations, severe root resorption, and

destructive periodontal disease in maxillary anterior
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region. Finally, 406 teeth were used for measuring the
facial alveolar bone thickness and classifying types of
root position according to Kan’s Sagittal Root Position
(SRP) classification.

CBCT machine used in this study was i-CAT
(I-CAT 17-19, Imaging Sciences International LLC, Hatfield,
PA USA). The x-ray machined was set at 120 kVp, 5 mA
and 14.7 s (voxel size: 0.25 mm, 14 bit, FOV: 16 x 13
cm). The software that was used for measuring was CS
3D Imaging Software (slice thickness: 250 pm).

From CBCT scan images, the data of facial
alveolar bone thickness were collected in cross-sectional
1x1 dimensions. The reformatted panoramic curve was
standardized by drawing the line from points of the
center of the pulp at mid-root location from left to right

of first premolar teeth. Due to the reasons above, long

Imaginary line

Anatomical

4 mm.

|
CEJ

root

axis was drawn in each tooth and measured the facial
alveolar bone thickness following the line which was
perpendicular to imaginary line, from outer cortical bone
to the external root surface. The facial bone was measured
at three reference points as following: 4 mm apically
to CEJ, represented with R1. The midpoint between 4
mm apically to CEJ and middle of root, represented
with R2 and the middle of anatomical root, represented
with R3 (Fig. 1). The cross-sectional images were
scan-captures and independently evaluated for facial
alveolar bone thickness measurement and root position
by two examiners. The inter-examiner agreement was
calibrated using 14 randomly selected images. An
assessment of the reproducibility of measurements
between two examiners measuring the same quantity

was calculated at interclass correlation of 0.87 for 14 images.

Figure 1 Three reference points to assess the average facial alveolar bone thickness.

In this study, SRP classification by Kan et al?
was used to classify the position of root related to
surrounding bone. The SRP in relationship to the osseous
housing was evaluated by viewing the cross-sectional
image made at the midpoint of the tooth parallel to its
long axis, were divided into 4 classes (Fig. 2). Class I: the
root is positioned against the labial cortical plate, class

ll: the root is centered in the middle of the alveolar

housing without engaging either the labial or the palatal
cortical plates at the apical third of the root, class lI:
the root is positioned against the palatal cortical plate
and class IV: at least two thirds of the root is engaging
both the labial and palatal cortical plates. The root
position of each anterior tooth was classified by using
the same scans as using in facial alveolar bone thickness

measurement and classified by one examiner (Fig. 3).
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Figure 2 SRP classification according to Kan et al.2 From left to right; class I, ll, Il and IV.

Figure 3 SRP determinations

The mean values and standard deviations were
calculated for all parameters. The average facial bone
thickness in each reference points (R1, R2 and R3), the

prevalence of root position’s classification and the

This study consisted of 420 teeth from 70 Thai
subjects (35 males and 35 females) with the range of
age 21 to 66 years old (mean+SD = 47.14+11.97). After

the inclusion and exclusion criteria were applied, 406

Table 1 Distribution of the analyzed teeth (N=406).

relationship between the bone thickness and root
angulation in each classification were analyzed by using

Simple correlation.

teeth were recruited. All CBCT scans were taken
between 2013 and 2016 at the Department of Oral
Radiology, Rangsit University. The distribution of the

analyzed subjects was presented in Table 1.

Distribution of the analyzed teeth

Tooth 13 12

No. of the analyzed data 69 68

11 21 22 23 Total

64 69 70 66 406
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The mean facial bone thickness of central
incisors at reference R1, R2 and R3 were 1.02, 0.96 and
0.93 mm respectively. The mean facial bone thickness
of lateral incisors at reference R1, R2 and R3 were 0.85,

0.76 and 0.76 mm respectively. The mean facial alveolar

bone thickness of canine at reference R1, R2 and R3
were 1.00, 0.91 and 0.94 mm respectively. The standard
deviation of mean facial alveolar bone thickness was

presented in Table 2.

Table 2 The mean and standard deviation of facial alveolar bone thickness of maxillary anterior teeth.

Central incisor Lateral incisor Canine

R1 Range 0.40-1.62 0.09-1.52 0.26-1.78

Mean=+SD 1.02+0.59 0.85+0.66 1.00+0.69
R2 Range 0.42-1.50 0.00-1.46 0.15-1.67

Mean+SD 0.96+0.50 0.76+0.69 0.91+0.69
R3 Range 0.05-1.44 0.00-1.50 0.14-1.71

Mean+SD 0.93+0.49 0.76+0.69 0.94+0.69
n 68 69

At R1 of the central incisors exhibited the mean
facial alveolar bone thickness 0 mm, between 0-1 mm,
between 1.01 - 2 mm and >2mm as 13.37 %, 35.09 %,
43.19 % and 8.36 % respectively. For the lateral incisors
presented mean facial alveolar bone thickness 0 mm,

between 0-1 mm, between 1.01 - 2 mm and >2mm as

Central incisor

28.83%
® 0mm ® 0-1mm ® 0mm
@ 1.01-2mm ® >2mm @ 1.01-2mm

Lateral incisor

@® 0-1mm
® >2mm

23.19 %, 31.88 %, 39.86 % and 5.07 % respectively. For
the canines, the examined teeth exhibited mean facial
alveolar bone thickness between 0-1 mm, between 1.01
-2 mm and >2mm as 17.88 %, 25.35 %, 49.20 % and

7.57 % respectively, as shown in Fig. 4.

Canine

31.88%

® 0-1mm
® >2mm

® 0mm
@ 1.01-2mm

Figure 4 The percentage of each group of facial alveolar bone thickness at R1 by each tooth type.

At R2, the central incisors, the majority of
examined teeth exhibited the mean facial alveolar bone
between 1.01 - 2 mm as 50.38 %. Most of lateral incisors

exhibited mean facial alveolar bone between 0-1 mm

as 45.65%. For the canines shown the mean facial
alveolar bone thickness 0 mm, between 0-1 mm, between
1.01 - 2 mm and >2mm as 19.26 %, 26.67 %, 45.92 %

and 8.15 % respectively, as shown in Fig. 5.
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Central incisor

Lateral incisor

Canine

® 0mm
o 1.01-2mm

@ 0-1mm
®=2mm

® 0mm

O 1.01-2 mm

@ 0-1mm
® =2mm

@® 0mm
o 1.01-2 mm

® 0-1mm
® =2mm

Figure 5 The percentage of each group of facial alveolar bone thickness at R2 by each tooth type.

At R3, the central incisors, the majority of
examined teeth exhibited the mean facial alveolar bone
between 0-1 mm and 1.01 - 2 mm 40.60 % and 46.63
% respectively. 43.48 % of the examined lateral incisors

teeth exhibited mean facial alveolar bone thickness

Central incisor
B %

26.81%

@® 0mm
0 1.01-2 mm

@ 0-1mm
® =2mm

@® 0mm

Lateral incisor

o 1.01-2mm

between 1.01 - 2 mm. For the canines, the examined
teeth exhibited facial alveolar bone thickness 0 mm,
between 0-1 mm, between 1.01 - 2 mm and >2mm as
18.52 %, 37.78 %, 36.30 % and 7.40 % respectively, as

shown in Fig. 6.

Canine

B.15% 19.26%

@ 0-1mm
® =2mm

@® O0mm
© 1.01-2 mm

@ 0-1mm
® =2mm

Figure 6 The percentage of each group of facial alveolar bone thickness at R3 by each tooth type.

The sagittal root position classification

The CBCT data from the 406 teeth, 378 teeth
(92.87 %) were Class |, 22 teeth (5.40 %) were Class |,
0 (0 %) were Class Ill, and 7 teeth (1.73 %) were Class
IV. The frequency distributions of SRP classification (class
I, II, lland V) in each tooth type were calculated. The
central incisors (134 teeth) presented with 93.28 %, 5.22 %,

0 %, and 1.50 %, respectively. The lateral incisors (138
teeth) presented with 89.85 %, 8.70 %, 0 %, and 1.45 %,
respectively. The canines (135 teeth) presented with
95.56 %, 2.22 %, 0 %, and 2.22 %, respectively. In the
present study, the frequency distributions of the SRP

classification of each tooth type are presented in Table 3.
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Table 3 Prevalence of SRP classification in each tooth type.

Frequency distribution of SRP

Overall Central Lateral Canine
SRP % n % n % n % n
Class | 92.87 378 93.28 125 89.85 124 95.56 129
Class Il 5.40 22 5.22 7 8.70 12 2.22 3
Class Il 0 0 0 0 0 0 0 0
Class IV 1.73 7 1.50 2 1.45 2 2.22 3
Total 100 406 100 134 100 138 100 135

The correlation analysis between the facial
alveolar bone thickness and SRP classifications shown

no significant different at reference points of any teeth.

Discussion

Replacement of failing teeth in esthetic area

has been considered as a critical challenge to both
functional and esthetic outcomes."” Establishing an
appropriate treatment plan prior to any procedures
produces more predictable outcomes and complications
that help the patient to decide which kind of prosthesis
would be most likely to meet patients’ requirements
and expectation. When a dental implant was put into
one of the treatment plan, both prosthetic and surgical
consideration should be carefully assessed in order to
confirm both quantitative and qualitative considerations
of the area that will support the dental implant.” Also,
the sagittal root position of the tooth to be extracted
is important in determining the immediate implant
placement site to gain adequate primary stability of the
implant.

In the present study, most of the studied teeth
exhibited a facial alveolar bone thickness less than 1
mm at all reference points (R1, R2, and R3). This is in
agreement with Braut et al**, which classified facial bone
thickness in anterior maxillary region, from right to left
maxillary first premolars, into 3 thickness groups; missing

(0 mm), thin (less than 1 mm), and thick (equal to, or

more than 1 mm) bone thickness, at 2 radiographic
reference points; MP1 (point at the crestal area), and
MP2 (point at the half root length). They concluded
that 62.9 % and 80.1 % of examined teeth revealed
facial bone thickness less than 1 mm at MP1 and MP2
respectively. In addition, Jaidee et al'' studied the
average thickness of the maxillary labial plate in Thai
population using CBCT scans, which included 724
anterior maxillary teeth, reporting the mean labial plate
thickness varied from 0.660 (at mid root level) to 0.885
mm (at 4 mm apically to CEJ) with none of the subjects
presented with labial bone thickness exceeding 2 mm.
On contrary, the facial bone thickness in this study
exceeded 2 mm at all points, the reason might be
explained from facial bony exostoses presented in some of
the subjects. Another study about facial bone thickness®,
that recruited of 250 CBCT scans with the presence of
all maxillary anterior teeth in each scan, at three reference
points; 1mm, 3 mm, and 5 mm apically to alveolar bone
crest area, reporting the mean of the buccal plate varied
from 0.5 to 0.7 mm with no missing bone wall presented.
The prevalence of missing bone wall in the present
study, as well as Braut et al** and Jaidee et al'' was
due to the constant reference points, 4 mm apically to
CEJ and mid root region, was chosen, while Januario et al 10
evaluated reference points apically to alveolar crestal
area, which may varied individually due to
physiologic or pathologic changes that affect the crestal

area before the more apical points. Crestal area is the
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most likely to be the first critical site that would show
the early sign of esthetic complication, such as peri-implant
mucosal recession and metal exposure, thus evaluating
the existing crestal bone would be beneficial for the
implant site selection in order to prevent, or predict,
the outcome of the implant in esthetic region."

For immediate implant placement, primary
implant stability must be achieved by engaging the
fixture with palatal bone wall and beyond the root apex
approximately 4-5 mm.'"" Kan and his collegues’
classified SRP of anterior maxilla teeth as class |, II, lll
and IV according to theirs osseous housing. 600 SRP
images were evaluated, 81.1 % were class |, 6.5 % were
class I, 0.7 % was class Il and 11.7 % were class IV. In
our study, 92.87 % of class | root position was found,
which is the most favorable class for immediate implant
placement due to the highest amount of palatal bone
availability. It would provide the best implant stability
comparing to the other classification. After immediate
implant placement is performed, bone grafting in the
gap between implant and remaining socket would be
the next procedure to be done.'®"” 5.40 % class Il and
1.73 % class IV SRP was reported in our study. Class I
SRP, the roots locate in the center of alveolar bone
housing. The surrounding bone would loss on both
facial and palatal aspects might not be adequate to
ensure implant stability, compared to class I. Class IV
SRP shows the existing tooth root occupies majority of
the alveolar volume, affecting further loss of facial and
palatal bone after tooth extraction. Therefore, class IV
SRP is considered to be relative contraindication for
immediate implant placement, due to inadequate
stability and compromising the esthetic outcome.

No class lll root angulation classification was
found in this study. The result is consistent to Lin et
al”® which performed the study in Taiwanese population,
93.8 % class I, 1.5 % class Il, 4.7 % class IV and no class
Il SRP were showed. Class Il SRP, the roots engage in
the palatal bone, which is not suitable for immediate

implant placement after extraction, due to the stability

of the implant relies on its engagement in the available
on the facial aspect instead of palatal aspect unlike
class I. The result of engaging in facial bone might cause
fenestration and affected esthetic outcome. Therefore,
class Il SRP is less favorable than class | and class Il in
immediate implant placement.

The correlation between facial bone thickness
and sagittal root position of class I, Il and IV were not
statistically significant at any level of facial alveolar bone
measurement. While class Ill SRP was not found in this
study, thus the class Il SRP data was excluded. According
to Kan et al?, which reported less frequency of class |l
SRP as 0.7 %, revealed the raring of the root position.
Anatomically, class Il SRP in which the entire root length
engages the palatal cortical bone plate, therefore the
facial alveolar bone thickness should have been high
tendency of greater facial alveolar bone.

Another limitation is the image resolution. Since
the original scan resolution was 0.25 mm, which might
be too large for the small linear measurement, used in
the study. Some of studied teeth showed the facial
alveolar bone thickness less than 0.5 mm which smaller
than two voxels and this led to measurement inaccuracy
due to the partial volume effect. The further study
should have set the smaller voxel size e.g. 0.1 or 0.2 mm,
however, the radiation dose and exposure time would
be also raised. All variables should be considered crucially

for the next investigation.

Conclusion

Nowadays, dental implant has become a treatment
of choice for tooth replacement. To achieve a successful
treatment outcome with high predictability, precise
assessment and careful preoperative treatment planning
are required to analyze the risk factors especially in the
esthetic zone. The facial bone thickness and root
position are considered to be local risk factors for
immediate implant placement. This study demonstrated

that the ideal facial alveolar bone thickness was low
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prevalence. However, the class | sagittal root position,
which is favorable for implant-bone engagement, was the
majority of this finding. The use of CBCT is recommended

for implant-based treatment planning.
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Abstract

The objective of this study is to evaluate the efficacy of fiber post and stainless steel wire on the flexural
strength of repaired denture base acrylic resin. The forty-eight heat-polymerized acrylic specimens size 10x65x3.3 mm
were divided into four groups; Group1: repaired with auto-polymerized acrylic resin (control), Group2: repaired with
auto-polymerized acrylic resin reinforced with smooth surface fiber post, Group3: repaired with auto-polymerized
acrylic resin reinforced with grooved surface fiber post, Group4: repaired with auto-polymerized acrylic resin reinforced
with stainless steel wire. All groups were tested the flexural strength by using three-point bending machine. Statistical
analyses were performed using one-way ANOVA. Values of p<0.05 were considered statistically significant. The results
demonstrated that the flexural strength of the control group was not significantly different from the other groups,
and the flexural strength of group 2-4 revealed no significant difference among themselves (p=0.067). In conclusion,
the flexural strength of denture base acrylic resin repaired with auto-polymerized acrylic resin is not different from
those repaired with auto-polymerized acrylic resin reinforced with fiber post or stainless steel wire. The fiber post

and stainless steel wire are not effective in increasing the flexural strength of the repaired acrylic resin.
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Introduction

Tooth loss is an oral problem that decreases
oral health-related quality of life." Dental prosthesis is
used to replace missing teeth. Denture fracture has been
a common problem in removable dentures.”* Those
fractures are often related to the faulty design, poor
denture fit, poorly balanced occlusion, artificial tooth
wear, faulty fabrication, defect in acrylic base such as
porosity and scratches, material breakdown, incorrect
artificial teeth position, and denture dropping. “° Complete
denture breakage mostly occurs at the acrylic resin
midline of both upper and lower dentures. The main
causes of upper and lower denture fracture are poor fit
of denture base and accidental dropping of the denture,
respectively.’

There are various materials and methods for
repairing fractured dentures. The satisfaction of the
dentist when repairing the denture can be defined by
less time consuming, good physical properties, inexpensive,
and be able to retain the original shape and strength
of the denture. Repairing materials include heat-
polymerized acrylic resin, auto-polymerized acrylic
resin, visible light-cured resin and microwave cured
acrylic resin.™

The most common material used in repairing
fractured dentures is auto-polymerized acrylic resin.
Auto-polymerized acrylic resin takes less time to repair
compared to heat- polymerized acrylic resin which takes
hours to cure. Moreover, it does not require additional
instruments, such as water bath and light chamber for
temperature control, in the repair. It also provides
convenience in the matter of time and cost for the
patients. However, the major disadvantage of
auto-polymerized acrylic resin is the lower transverse
strength compared to heat- polymerized acrylic resin.”*

Apart from various surface designs, some materials
such as glass fiber, metal inserts, carbon fiber, and aramid
fiber have been added to strengthen the repaired

denture base. Each material has advantages and

disadvantages. For example, glass fiber can improve the
mechanical properties of acrylic resin, but poor wetting
fiber may decrease the bond strength of acrylic resin.
Metal inserts can also improve the mechanical properties
of acrylic resin, but they have poor esthetics."'**
The aim of this study was to evaluate the efficacy
of fiber post and stainless steel wire on the flexural

strength of repaired denture base acrylic resin.

Materials and Methods

The forty-eight heat-polymerized acrylic resin
(SR Triplex®, Ivoclar Vivadent, Liechtenstein) specimens
were fabricated and polished to the dimension of 10
mm x 65 mm x 3.3 mm, according to the ISO 20795-1:
2013 protocol.”” Each specimen was inserted into the
stainless steel holding device with T-shaped groove
(Fig. 1, 2). Next, the holding device was placed on the
surveyor table (Fig. 3). A straight handpiece with fissure
bur was attached to the surveyor arm and adjusted
until the end of the fissure bur touched the bottom of
the T-shaped groove. Each specimen was cut through
the middle with a 2 mm space between the two
surfaces and formed a rabbet joint surface design (Fig. 4).
The interface surfaces of the prepared joints were wetted
with auto-polymerized acrylic resin monomer for 180
seconds. All specimens were randomly divided into 4
groups of 12 each. Group 1 was repaired with auto-
polymerized acrylic resin (TOKUSO CURE FAST®, Tokuyama
Dental Corporation, Japan) (Control). Group 2 was
repaired with auto-polymerized acrylic resin reinforced
with smooth surface fiber post (FRC Postec Plus®, lvoclar
Vivadent, Liechtenstein). Group 3 was repaired with
auto-polymerized acrylic resin reinforced with grooved
surface fiber post (ReforPost®, Angelus, Brazil). The
smooth and grooved surface fiber posts (Fig. 5, 6) were
marked 6 mm from the parallel tip and cut using a

carborundum disc. Group 4 was repaired with auto-
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polymerized acrylic resin reinforced with stainless steel
wire (remanium®, DENTAURUM, Germany). The stainless
steel wires were also marked 6 mm from the end and
cut using cutting pliers. Smooth surface fiber post,
grooved surface fiber post, and stainless steel wire were

placed at the middle of the specimens (Fig. 7). All

specimens were placed in a pressure pot at the pressure
of 2 bars for 15 minutes. According to the ISO 20795-1:2013

protocolzz, all specimens were stored in distilled water

Figure 3 The holding device was placed on the surveyor table.

at 37°C for 48 hours prior to the flexural testing. The
repaired specimens were tested for flexural strength
with a three point bending test using the Universal
Testing Machine (SHIMADZU®, SHIMADZU, Japan). The
load was applied to the center of 2 mm repaired area
of each specimen with crosshead speed of 5 mm/min until
fracture. All specimens were assessed for cracks using
a stereo microscope (Nikon®, Hollywood International

Group, Canada).

Bottom of T-shaped groove

Holding device
with T-shaped
groove

Acrylic resin
specimen

Handpiece

Holding device
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10 mm 10 mm
3.3 mm

23 mmI 2 mm
—_

11 mm

31.5mm

Figure 4 Each specimen was prepared into rabbet joint surface design.

Figure 5 Smooth surface fiber post Figure 6 Grooved surface fiber post

Group 1

Smooth surface fiber post

Group 2
Grooved surface fiber post
: Group 3
Stainless steel wire
l— Group 4

Figure 7 The specimens in Groups 1-4
Group 1: Repaired with auto-polymerized acrylic resin (Control)
Group 2: Repaired with auto-polymerized acrylic resin reinforced with smooth surface fiber post
Group 3: Repaired with auto-polymerized acrylic resin reinforced with grooved surface fiber post

Group 4: Repaired with auto-polymerized acrylic resin reinforced with stainless steel wire

Statistical analyses was performed using version 20.0 (SPSS (Thailand) Cp., Ltd., Bangkok,
one-way ANOVA test. The data was analyzed using the Thailand). Values of p<0.05 were considered as
statistics package for the Social Sciences (SPSS) statistically significant.
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Table 1 shows the flexural strength of all groups
of specimen. The group repaired with auto-polymerized
acrylic resin reinforced with grooved surface fiber post
(group 3) had the highest flexural strength, while the group
repaired with auto-polymerized acrylic resin reinforced
with stainless steel wire (group 4) had the lowest flexural
strength. However, the flexural strength of the control
group was not significantly different from other groups,

and the flexural strength of groups 2-4 revealed no

significant difference among themselves (p=0.067).

To determine the type of fracture failure, the
fractured site was investigated under a stereo microscope.
The specimens repaired with auto-polymerized acrylic
resin reinforced with smooth surface fiber post (group 2),
grooved surface fiber post (group 3) and stainless steel
wire (group 4) resulted in 100% mixed failure, while the
specimens repaired with auto-polymerized acrylic resin

(group 1) resulted in 3 types of failure. (Table 1, Fig. 8)

Table 1 Mean flexural strength (MPa) + standard deviation (SD) and the percentage of fracture failure type of all specimen groups

Types of failure

Mean flexural

Grou Type of specimen i - i

P yp P Strength (MPa) + SD Cohesive Adhesive Mixed

failure failure failure

1 Repaired with auto-polymerized acrylic resin 43.30 + 5.8 5.88 % 35.29 % 58.82 %

only (Control)

2 Repaired with auto-polymerized acrylic resin 41.45 + 3.5 - - 100 %
reinforced with smooth surface fiber post

3 Repaired with auto-polymerized acrylic resin 45.66 + 7.0 - - 100 %
reinforced with grooved surface fiber post

4 Repaired with auto-polymerized acrylic resin 39.38 + 6.2 - - 100 %

reinforced with stainless steel wire

One-way ANOVA test (p = 0.067)

Figure 8 A - Example of fracture site of specimen in group 1

B - Fracture site of specimen in group 2

C - Fracture site of specimen in group 3

D - Fracture site of specimen in group 4
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Discussion

According to this study, we found that the
flexural strength of denture base acrylic resin repaired
with auto-polymerized acrylic resin was not significantly
different from that repaired with auto-polymerized
acrylic resin reinforced with stainless steel wire. This
finding is consistent with the study of Golbidi and
Mousavi” which showed that there was no significant
difference between the transverse strength of denture
base resin repaired with auto-polymerized Acropars® acrylic
resin with and without metal wire, and the transverse
strength of denture base resin repaired with auto-
polymerized Meliodent® acrylic resin reinforced with
metal wire was significantly lower than that of the
specimen without metal wire. These results may be
due to the poor adhesion between the acrylic resin and

the metal wire surface.®*

However, our result was not
similar to the study of Minami et al'® which showed that
the flexural strength of denture base acrylic resin
repaired with auto-polymerized acrylic resin reinforced with
1.2 mm diameter stainless steel wire was significantly
higher than that of the specimens without metal wire
reinforcement.

In this study, we were interested in reinforcing
the repaired auto-polymerized acrylic resin with fiber
posts because the fiber posts are commonly used in
the endodontically treated teeth. We expected that
auto-polymerized acrylic resin would have much higher
flexural strength after reinforcing with fiber posts. After
the experiment was done, we found that reinforcing
with both smooth surface fiber posts and grooved surface
fiber posts did not significantly increase the flexural
strength of acrylic resin. This result may be due to the
poor adhesion between the acrylic resin and the fiber post
surface. The result of this study is not in accordance

022529\ N hich revealed

with the results of previous studies
that the strength of denture base acrylic resin repaired
with auto-polymerized acrylic resin reinforced with glass

fiber was significantly higher than that of the specimens

without glass fiber. Stipho™ revealed that the fracture
strength of PMMA acrylic resin reinforced with 1 %, 2 %
and 5 % glass fiber was significantly higher than those
without reinforcement. Polat et al® found that the
transverse strength of denture base acrylic resin repaired
with auto-polymerized acrylic resin reinforced with stick
glass fiber was higher than that of acrylic resin repaired
with auto-polymerized acrylic resin reinforced with
woven and chopped glass fibers. On the other hand,
Uzun and Keyf” revealed that the strength of repaired
acrylic resin reinforced with woven form glass fibers was
higher than that reinforced with longitudinal form and
chopped form glass fibers. However, this study might
not be comparable to the previous studies®?
because those studies used the glass fiber as filler, not
the fiber post form, mixed in the repaired resin.

The fracture site of specimens in groups 2-4 in
this study did not occur in the fiber posts and metal
wires, but in the auto-polymerized acrylic resin, and at
the junction between the heat-polymerized acrylic
resin and the auto-polymerized acrylic resin (mixed
failure). It may be due to the lower strength of auto-
polymerized acrylic resin, the insufficient polymerization
process, and the fact that the elastic modulus of
auto-polymerized acrylic resin is less than that of fiber
posts and stainless steel wires.**** Studies by Leong and
Grant®, and Berge® showed that the denture base
repaired with cold-cured acrylic resin broke at repaired site,
due to the lower strength of cold-cured acrylic resin.

Based on our results, the fiber posts and stainless
steel wires are not effective in increasing the flexural
strength of repaired acrylic resin. We must stress that
the present study is preliminary in nature. Therefore,
we suggest further investigations to create good adhesion
between acrylic resin and metal wires by applying
4-META on stainless steel wires, to create good adhesion
between acrylic resin and fiber posts by applying bonding

on fiber posts, and to strengthen the reinforcement by
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increasing the number of fiber posts and stainless steel

wires in the repair sites.

Conclusion

The flexural strength of denture base acrylic
resin repaired with auto-polymerized acrylic resin, which
reinforced or not reinforced with fiber post and stainless
steel wire, is not different. The fiber posts and stainless
steel wires are not effective in increasing the flexural

strength of the repaired acrylic resin.
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Abstract

The objective of this study is to determine whether air exposure of different disinfectant wipes by
un-capping the container alter the bactericidal efficacy. Three commercially available disinfectant wipes with
different active ingredients consisting of CaviWipes™ (QAC & Isopropyl alcohol), SporeClear™ (QAC & Biguanides)
and Optim 33TB (lonized H O ) were used in the experiment. Forty milliliters of stimulated saliva were collected
from 15 healthy volunteers in the morning before performing daily oral hygiene care. The saliva was spread on
sterilized leather surfaces and air dry. The surfaces were then used to test the effectiveness of disinfectant wipes
those had been air exposed for 1, 4 and 18 hours compared with a group that tightly cap the container. The remaining
CFU/mL of bacteria on the surfaces were calculated to compare log reduction. Data were statistically analyzed by
Kruskal-wallis test and Mann-Whitney U test. A value of p<0.05 was considered significant. This study revealed that air
exposure seems to marginally affect the antibacterial capability of disinfectant wipes with different active ingredients
as determined by log reduction. Despite non-alcohol containing formula of SporeClear™, air exposure seems to
worsen its activity, though no statistically significant difference was observed. Bactericidal activity of CaviwWipes™
and Optim 33TB were quite stable regardless of prolonged air exposure or the order of sheet pulled out from the
container. The outermost sheet of SporeClear™ was more affected by prolonged air exposure. To sum up, bactericidal
efficacy of disinfectant wipes was minimally affected by duration of air exposure. Activity of SporeClear™, a non-alcohol

containing formula, was greater affected by time and order of sheet dependent according to its texture.
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Introduction

Preventing the spreading of infection during
dental practice is a key process for providing patients
safety. During dental treatment, it is inevitable that there
will be contamination of fluids such as saliva, blood, oral
fluids, etc. These fluids are enriched with microorganisms
that may cause the spreading of diseases. Cleaning the
clinical contact surfaces is one of a crucial component
of standard precautions. Clinical contact surfaces must be
wiped to clean and disinfect with chemical disinfectants
at least of intermediate-level or hospital disinfectant
with tuberculocidal claimed. The registration of chemical
disinfectants in the United States is done by three
agencies. Centers for Disease Control and Prevention
(CDQ) classify the chemical disinfectants into three
different levels base on their efficacy: low-, intermediate-,
and. high-level disinfectant."” Additionally, the US
Environmental Protection Agency (EPA) registers the
effectiveness of chemical disinfectants categorized into
two groups based on their ability to kill Mycobacterium
tuberculosis; the Hospital disinfectant with or without
tuberculocidal claim."” The US Food and Drug
Administration (FDA) register chemical disinfectants with
sporicidal activity or referred as chemical sterilant. In
Thailand, all of the chemical disinfectants use in medical
and dental practices are registered by Thailand Food
and Drug Administration.

Chemical disinfectants use for surface disinfection
nowadays available on the market has been developed
into easy-use format as pre-immerse cleaning sheets.
The products in this format are very practical to disinfect
the contaminated surfaces within a limited of time and
therefore become very popular. The disinfectant wipe
available nowadays on the market contains several
active ingredients for examples alcohol, biguanides,
quaternary ammonium compound, HO, etc. Generally,
two forms of alcohol, Isopropyl and ethyl alcohol is
widely used as antiseptics. However, the high rate of

evaporation limits its utility as disinfectant." Biguanides,

well-known as Chlorhexidine, can disrupt cell membrane’s
permeability and causes cytolysis. However, biguanides
demonstrated less sensitivity against Mycobacterium
tuberculosis. To Spore-forming bacteria and TB, Biguanides
can be only bacteriostatic.” Recently, several studies
demonstrated that Hydrogen peroxide is more satisfied
in bactericidal activity than other product.”® All of the
disinfectants mentioned previously are presented as active
ingredient in the ready to use disinfecting towelette
available in the market nowadays. When utilized this kind
of products, it is required that the cap of the container
must keep tightly close to avoid the evaporation of active
ingredients, especially the product contain alcohol.' The
relative evaporation rate of isopropyl alcohol is 21 times
faster comparing with ether and 1.7 times comparing
with n-Butyl acetate.*” From observation, it was found
that clinical practitioners often forget to close the container’s
lid, which may affect the product’s effectiveness. However,
there is no clear evidence stating the correlations
between the time period if the container is left open
and the reduction of the efficiency of disinfectant wipe.
This information will be useful for products selection
and usage suggestion. This research aimed to compare
the efficacy of the disinfectant wipe with different active
ingredients with the time the products’ containers were
left open. The efficacy of the first sheet and the following
two sheets were also examined when the containers’
lid was left open. The data from this research will be
useful for the development of guidelines for infection

control in the dental clinic.

Materials and Methods

We utilized disinfectant wipes with different
active ingredients available commercially by mainly
focus on two particular types of products; alcohol
containing formula and the non-alcohol containing

formula. The selected disinfectant wipes and its active
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ingredients include CaviWipes™ (isopropyl alcohol and
QACQ) (Metrex, Romulus, Michigan, USA.), Optim 33TB
(lonized H202) (SciCan, Toronto, Canada.) and SporeClear™
(Biguanides and QAC) (Hu-Friedy Mfg. Chicago, Illinois,
USA)

The disinfectant wipes were divided into 4
groups; immediately after open, left the cap open for
1,4 and 18 hours, respectively. The 17, 2" and 3" sheet
in the container were used to test for bactericidal

activity against cultivable oral bacteria.

Saliva Collection

Saliva samples from 15 volunteers have been
collected using stimulated saliva collection methods.
The volunteers were asked to chew a piece of paraffin
to stimulate the salivary flow in the morning before
performing routine oral hygiene. The saliva was collected

approximately 40 milliliters. With this method, dental

20 cm

20

am &

|

Glass slab

plaque from different areas of the mouth including the
tooth surface will be removed by mechanical cleansing.
The samples were kept at 4°C till being used.*” The
saliva from each volunteer was used in the experiment
conducted independently. The saliva from each individual
was spreaded onto 37 leather samples including 36 test
groups (3 products, 4 durations and 3 sheets) and one for
control group (sterile distilled water). The experiments
were performed repeatedly using saliva from all 15

subjects.

Surface preparation, disinfection and sample collection

Pieces of leather, 20 x 20 cm in size, and glass
slab frame with a square hole of sizel5 x 15 cm were
custom made to mimic surface contaminated with saliva.
All of the materials were sterilized by autoclave prior
to use. The assembly of these tools for the experiments

was shown in Figure 1.

—_— e Z0cm —

20

om

Figure 1 Diagram of saliva contaminated leather surfaces preparation

A saliva sample of 0.1 mL was dropped and
spread by sterile cotton swab onto the surfaces and
leave to dry. The experiment area mimicking saliva
contaminated surface was marked with a pencil before
taken the glass slab off. The disinfectant wipes of different
composition, air exposure time and order of the sheet
were used to wipe the surface and leave for appropriate
contact time those recommended by the manufacturer.

In order to test the effect of air exposure against
the efficacy of 3 different disinfectant wipes available

commercially, the disinfectants’ containers were left

open to expose the wiping materials to air for 18, 4, 1
hours and not exposure. Then the 1st, 2nd and 3rd
sheet of disinfectant wipes in each time point were used
to disinfected saliva contaminated surface. We controlled
the wiping manner to be in the same pattern by wiping
in left to right direction continuously from top to bottom
of the area. Only one side of a sheet was used per
experiment area.

The bacterial samples remained on leather
surfaces were then collected with sterile cotton swab
and PBS (Phosphate Buffered Solution) by swabbing
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motion all over the surfaces. Sterile scissors were used
to cut the tip of cotton swab into eppendorf tube
containing 1 mL of sterile PBS. The tubes were then
shaken with vortex mixer for 3 minutes and sonicated
(Sonics VCX750 Newtown, Connecticut, USA) for 30
seconds at 20 % amplitude to break clump of bacteria.
After that, a serial ten-fold dilution of the samples were
performed and 100 pL of appropriate dilution were
plated onto blood agar plate. The plates were incubated
at 37°C for 24 hours. The recoverable colony on blood
agar were then enumerated and calculated to Log
reduction by comparing with initial number of bacteria
on the surfaces. Bacteria recovered from surfaces wiped

with sterile distilled water were kept as negative control.

When appropriately kept in tightly closed
container, the disinfectant wipes could reduce bacteria
on the surface up to log 4.90, log 5.33 and log 5.16 reduction,
for CaviWipes™, SporeClear™ and Optim 33TB respectively

We repeated the experiment by utilizing saliva samples

collected from different 15 subjects.

The texture examination of wiping materials under
stereomicroscope.

We examined closer to the texture of wiping
materials under a stereomicroscope (Olympus SZH10
Shibuya-ku, Tokyo, Japan) to compare texture of wiping

materials of three different disinfectant wipes.

Statistical analysis
Data were statistically analyzed by Kruskal-wallis
test and Mann-Whitney U test. A value of p<0.05 was

considered significant.

(Fig. 2). Whereas bacteria on the surfaces was found to
reduce by log 1.66, if the contaminated surfaces were

wipe with distilled water alone.

Log reduction of bacteria on surface
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Figure 2 Average log reduction of bacteria on surfaces after disinfected by 1st sheet of various disinfectant wipes with different air

exposure times
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If the container’s cap was left open, disinfection
efficacy of the first sheet of every product reduced in
different pattern as demonstrated in fig. 2. CaviWipes™,
which is alcohol containing product, was relatively
stable after exposure to air for 1 and 4 hours. Its efficacy
starts to reduce after being exposed to air for 18 hours.
Unexpectedly, the efficacy of an alcohol-free product,
SporeClear™, reduced at as early as 1 hr and thereafter.
Efficacy of Optim 33TB, ionized HZOZ, is quite stable

recardless of how long it had been exposed to air.
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However statistically significant results were not observed
in any tested groups.

If the container’s cap was closed tightly, a
comparable bactericidal efficacy was observed among
1%, 2" and 3™ order of sheet in the container of all
tested products (Fig. 3a). It should be noted that the
efficacy of the 2" and 3 sheet was slightly higher than
the 1™ sheet when the container’s lids were left open,
especially in SporeClear™ group, though no statistical

significant was observed (Fig. 3b-3d).

b Log Reduction : 1 hr

n o
n i n o in e

Average Log Reduction

w
in

il

Caviwipe Spore lear Optim sterile distiled
water
W lst shest 2ndsheet @ 3rd sheet
d Log reduction : 18 hrs
7
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2 5
'g 5.5
I
E“ 5
g 45
B
) a
=
=
3.5
0 X
Caviwipe SporeClear Optim sterile distifed
water
W 1st sheet 2ndsheet W 3rd sheet

Figure 3 Average log reduction of bacteria on surfaces after disinfected by various disinfectant wipes. a) Tightly capped the container’s

lid (Immediately used). b) Uncapped the container’s lid for 1 hr. ¢) Uncapped the container’s lid for 4 hrs. d) Uncapped the

container’s lid for 18 hrs

We examined closer to the texture of wiping
materials under stereomicroscope (Fig. 4). It was clearly
demonstrated that CaviWipes™ and Optim 33TB utilized

similar pattern of texture of materials consisting of a

thick and dense fibrous sheet with small circular pattern
made from thinner material. SporeClear™ had a different
pattern of texture with obviously looser fibrous without

circular pattern.
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Figure 4 Surface texture of disinfectant wipes under stereomicroscope

Discussion

Our study was designed to test the bactericidal
efficacy of different disinfectant wipes against cultivable
oral bacteria and the effect of air exposure. The results
indicated that within the tested period, the efficacy of
all disinfectant wipes were not significantly reduced by
air exposure time. It is quite surprising to us that a non-alcohol
containing product, SporeClear™, demonstrated slightly
reduction in its efficacy at as early as 1 hour of air exposure
and thereafter. Whereas the alcohol-containing product,
CaviWipes™, starting to reduce its efficacy after 18 hours
of air exposure. This result was not consistent with
previous concern regarding the evaporation rate of alcohol.”
The texture examination of wiping material clearly shows the
difference in texture of material between SporeClear™
and the other two brands. Thicker and denser fibrous
sheet with small circular pattern made from thinner
material of CaviWipes™ and Optim 33TB might help
retained the disinfectant on the wiping material. The

standardized methods for evaluating the effectiveness

of chemical disinfectants, the decrease required in the
initial inoculum is a minimum of logarithms.® In our
study, all of the three products with different active
ingredients demonstrated effectiveness close to log 5
reduction when use immediately. The effectiveness was
slightly reduced, though not significant, with prolonged
air exposure.

Besides texture of wiping material, cap tightness
may also result in different efficacy. We have noticed
that each product’s container has different cap tightness
which may affect the seal of the container. Meanwhile
leaving the cap open may dry out disinfectant from the
outer most of the sheet that exposes to air, it is noticeable
that the portion of wet, unexposed sheet inside the
container still retained its efficacy to reduce the bacterial
count comparable to those of tightly capped container.
However, our experiment was conducted within a short
period of time which might not fully resemble those

situations occur in clinic which multiple prolonged air-
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exposure might occur repeatedly. Therefore, our suggestion
is to tightly close the cap of container of disinfectant
wipe every time after use. Turning the bottle up-side
down to distribute the disinfectant equally when not use
is also recommend. In conclusion, bactericidal efficacy
of disinfectant wipes was not affected by duration of

air exposure up to 18 hours tested.
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Abstract

The aim of this in vitro study was to investigate microleakage of three types of pit and fissure sealant. This
study, sealant materials were resin-based sealant with fluoride releasing, without fluoride releasing and glass-ionomer
sealant. 102 permanent maxillary premolars were randomly divided into 3 groups. The application of each sealant
followed manufacturer’s instructions. All teeth were thermocycled for 500 cycles between 5°C and 55°C. After
thermocycling the whole surface of each tooth was coated with nail varnish except for one millimeter around the
sealant. The teeth were immersed in 0.5 % methylene blue for 24 hours and then sectioned buccolingually by
precision saw, model ISOMET™. The sections were analyzed for microleakage under x 100 magnification of a
stereomicroscope. The median of the mean of microleakage were analyzed by the Kruskal-Wallis statistic among 3
groups at 0.05 O level, the statistical differences in microleakage were found among three materials (p<0.001). The
comparison of the microleakage between two groups by the Mann-Whitney U statistic at 0.0083 O level. There
were significant differences between glass-ionomer sealant and sealant with fluoride releasing (p<0.001), glass- ionomer
sealant and sealant without fluoride releasing (p<0.001) and also between sealant with fluoride releasing and without
fluoride releasing (p<0.001). In conclusion, glass-ionomer sealant had higher microleakage than resin-based sealants

with and without fluoride releasing.
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Figure 1 Buccolingual sectioning of the tooth Figure 2 Stereomicrograph of the specimen at magnification of 100x
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Figure 3 Microleakage measurement on one side of the specimen

X = distance from sealant margin to the deepest point of pit and fissure

Y = distance of dye penetration from sealant margin
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Table 1 Sample size, median, average of R (Percentage of dye penetration), standard deviation, maximum and minimum percentage

of methylene blue dye penetration and number of each tooth type in the 3 sealant groups

Amount of teeth (N)

Samples N Median Average SD Min Max Tooth Tooth Tooth  Tooth
of R 14 24 15 25
Teethmate F-1° 34 10.76 . 13.19 11.67 0 43.18 7 10 8 9
Delton® 34 3.21 :| * 6.67 8.42 0 34.25 9 8 8 9
Gl Fuji VI® 34 23.96 :I* 22.8 9.39 0 51.54 10 8 9 7
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Abstract

The purpose of this study is to investigate the relationship between the level of hardness or toughness
evaluation and electromyography parameters of some Thai foods in 32 healthy young Thai adults who did not have
masticatory problems. The subjects were given 5 Thai foods with different hardness and toughness to chew and
afterward were tested for those levels by using visual analog scale (VAS) and electromyography. The result showed that
the scores of each parameter obtained from VAS were significantly correlated with those obtained by electromyography

(p<0.05, and r=0.224-0.384). A weak to moderate correlation between two test methods which may be due to the

Sowithayasakul et al., 2018 73



adaptability of masticatory muscles to the hardness and toughness of the food. Therefore, the evaluation of hardness

and toughness level of food using a VAS questionnaire could partly reflect the functions of masticatory muscles.

Keywords: Electromyography parameters, Foods, Hardness, Toughness, Visual analog scale
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Figure 1 (left) EMG amplitude of one chewing movement, (right) Integral electromyography curve (IEMG) of one chewing movement

76 J DENT ASSOC THAI VOL.68 NO.1 JANUARY - MARCH 2018



2. Adilsnnnisaun leun

Anadnisiureanduiieunifsiieniig
{7 (mean muscle work per chew; MWC): fuaaildann
nssamAInsieureanduoluusasinuazmadae
$ruuafsesnaisaiifietu dduiididenieseing
g 5 AABININTeINaREIe Y liat 4 e
Juliadhadraiui'??

AAumeIesmeInd e uie muscle effort
(ME): Husnfifunaldannisthanisiausesndie
misuieuivmshouganvesndudefilenadu
Wi dnheduiosas (%) IneAnsinauggaeandiu
dofilomadululy Siduhfurnmsvasagegnuesnd
\Honaufieseaznant e 5 2iAeIusn 199n19REIMS
naFoUTiAtL 9

ANSIATILANEDA

TunsnageumiskuUaaUAULaLIASBITUTINATY

Inifndrantle Foyaiildasgnuaaouanuideiofomaia
n157n97 (test-retest technique) F3Useifiudaenn
duusvansavduiudifiesdu (Pearson correlation; 1) Tng
sl 1 (>0.8) wanshmamaaeuiinnuideisligs

dwsuradsiildannimageusimsudazvie

Qe

4 2 35 aglinnsmeaeuanunUsusiusenitanguLuunig

=

\Wig3 (one-way ANOVA) LivelUSeuiiguaiaaevestoyad

IFanensusazatinifimnuunnsstundols nasanntiu
JmagaukuuwWIsuWisunyan (multiple comparison)
WiovnAnuLAnsnsvesALadsiiazg wagiasizsining
Fuusseninansnadeuusayidlaeldardudsyansan
funusiiesaulunsinseaukasianisanudunus lnenis

LYY v A

NadOUNNED AR sEAUTadAt 0.05

NAN1578

praasiasfiinmauiseimuanuszneuludae
granadinsinawie 7 au wazineands 25 au (Liddlanaus
ponNILATY) 91gi0de 21.4 U uaslianfuiinanieiads
20.3 kg/m’ e IveuUseenlawei
anundetiovasdoya

onanainsin 32 au flAdulsyansanduiuiiiies
Fuoglusedugs (A1 r aglurag 0.812-0.927) anisld
wuvgeuauAuAnuiy waznsldiadesuiinadulidn
néielunsussifiuanunduasanumioveseims
LLamﬂﬁLﬁu’jﬂ%’aaﬂaﬁlé’mﬂLﬂ%‘laqﬁaﬁ%aawﬁmﬁmmmsz‘ia
foagluszaugs
AULANANIVDIAREY

PMNUINTIAALEIUAULEALNS 0-100 Tadlums A
WwAsAzLUUAULT LAz A umdsavete i siilaain

LUUABUAN S18aLLDEALARIIUIANTIN 1

715199 1 ANAALAZUNLAIIUUTIUALAIIUINTIE V090 IMIT A0 INKUUaBUS W aiad (0-100 Ta5in3)

Table 1 Mean hardness and toughness scores of tested food obtained from the VAS questionnaires (0-100 millimeter)

Food Hardness Mean (SD) Toughness Mean (SD)
Gruel 1.773 (2.131)* 2.430 (3.089)*
Cooked rice 12.727 (10.128)* 22.961 (15.544)t
Sticky rice 25.016 (13.308)* 56.633 (18.268)+

Charcoal-grilled squid

Salted peanut

45.469 (21.149)*

70.570 (15.751)*

68.375 (21.466)+

13.945 (16.510)+

*Statistically significant difference p< 0.05
1, #No statistically significant difference
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Table 2 Mean electromyographic parameters of masseter muscle of each tested food

Mean (SD) of EMG parameters

Tested food

MW (mV.s) PE (mV) MA (mV) MWC (mV.s) ME (%)
Gruel 0.183 (0.112)* 0.828 (0.598)* 0.341 (0.190)* 0.037 (0.022)* 26.397 (2.446)*
Cooked rice 0.360 (0.177) 1.630 (0.883) 0.489 (0.218) 0.072 (0.035) 38.053 (17.295)
Sticky rice 0.494 (0.238) 2.080 (1.118) 0.580 (0.276) 0.099 (0.048) 44.909 (20.972)
Charcoal-grilled squid 0.363 (0.138) 2.032 (0.965) 0.585 (0.224) 0.073(0.028) 46.729 (21.807)
Salted peanut 0.480 (0.236) 2.054 (1.031) 0.581 (0.265) 0.096 (0.047) 47.129 (24.852)

*Statistically significant difference p< 0.05

MW= muscle work, PE= peak EMG, MA= mean amplitude, MWC= mean muscle work per chew, ME= muscle effort
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Table 3 Mean electromyographic parameters of temporalis muscle of each tested food

Mean (SD) of EMG parameters

Tested food

MW (mV.s) PE (mV) MA (mV) MWC (mV.s) ME (%)
Gruel 0.099 (0.061)* 0.775 (0.589)* 0.313 (0.175)* 0.020 (0.012)* 26.640 (13.768)*
Cooked rice 0.228 (0.099) 1.204 (0.625) 0.408 (0.156) 0.046 (0.020) 35.186 (12.488)
Sticky rice 0.312(0.113) 1.4438 (0.668) 0.471 (0.174) 0.062 (0.023) 41.116 (14.666)

Charcoal-grilled squid 0.235 (0.086) 1.380 (0.640)

Salted peanut 0.288 (0.129) 1.443 (0.647)

0.467 (0.155) 0.047 (0.017) 41.492 (14.765)

0.446 (0.158) 0.058 (0.026) 39.845 (15.420)

*Statistically significant difference p< 0.05

MW= muscle work, PE= peak EMG, MA= mean amplitude, MWC= mean muscle work per chew, ME= muscle effort
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Table 4 Correlation between hardness or toughness scores and EMG parameters

Pearson correlation coefficient

VAS EMG
Masseter muscle Temporalis muscle

Hardness MW 0.256* 0.384*
PE 0.260% 0.301*

MA 0.224* 0.245*

MWC 0.256* 0.384*
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MA 0.257* 0.281*

MWC 0.228% 0.341*

ME 0.297* 0.296*

*Statistically significant correlation p<0.05

MW= muscle work, PE= peak EMG, MA= mean amplitude, MWC= mean muscle work per chew, ME= muscle effort
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Mesially Impacted Mandibular Second Molars and Adjacent First
Molars: A Study of Occlusal Inclination and Root Curvature Via

Panoramic Radiographs
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Abstract

There is very little available information on the root characteristics of mesially impacted mandibular second
molars (7M). This study investigates occlusal inclination, root curvatures and calcification stage of unilateral 7M
versus their normal counterparts (7N). Inclination and curvature of the mandibular first molars on the affected (6M)
and control side (6N) were also assessed. Fifty-one digital panoramic radiographic images from study participants
with unilateral 7M were examined with image J software. Occlusal inclination and degrees of root curvature at
middle third and apical third level of mesial and distal root of 7M, 7N, 6M, 6N were measured and compared.
Association between 7M occlusal inclination and degree of root curvature was tested. Calcification stage of 7M and
7N was evaluated by Demirjian Index. There were significant differences of occlusal inclination between 7M and 7N
(P<0.01), and between 6M and 6N (P<0.01). In 7M, apical third of mesial root tended to curve mesially (P<0.01),
whereas in 6M, apical third of both roots tended to curve distally (P<0.01) but the middle third of distal root tended
to curve mesially (P<0.05). No association between the degree of root curvature and occlusal inclination was found
for 7M. About one-quarter of 7M had delayed calcification compared to 7N. In conclusion, there were differences
in root curvature between 7M and 7N, and 6M and 6N. 6M tended to be more upright than 6N. The degrees of root

curvature and occlusal inclination of 7M were not related.
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Introduction

A molar is impacted when it fails to emerge
into the oral cavity after more than three quarters of its
roots have formed." Mesial impaction of the mandibular
second molars (7M) is the most common form.” The
tooth is mesially angulated and its mesial cusps are
usually positioned against the undercut of the distal
wall of the first molar and it is unable to emerge even
though more than three quarters of its roots have been
formed.” Leaving 7M untreated may lead to caries,
periodontal problems and resorption of the adjacent teeth.
The formation of cysts related to 7M has also been
reported.*” Other complications of 7M are shortening of
the occlusal plane and a tendency for over-eruption of
the opposing tooth.’

Possible etiologic factors for 7M include an
abnormal tooth bud position for the 7M itself, and a lack
of space between the first molar and the anterior margin
of the mandibular ramus.” Abnormal root morphology,
such as root deviation, a hooked shape and ankyloses,
has also been related to the occurrence of 7M.” A high
frequency of root deviation (31.5 %) among a group of
patients with 7M has been reported.® However, there is
a lack of information regarding the classification of 7M root
deviation patterns. If an abnormal root pattern exists,
such data may be a useful guide for the early detection
and prevention of late complications associated with 7M.

It has been postulated that the abnormal
eruption path of one tooth may be an aggravating factor
that promotes the tilting or malalignment of neighboring
teeth.” Consequently, it is possible that the abnormal
eruption path of 7M may affect the inclination of the
adjacent first molar (6M). A number of previous studies
measured 7M inclination with reference to the axis of the
6M.*** However, this method is unable to independently
describe the degrees of inclination for the first and
second molars, as an external reference line is necessary
for this type of analysis.

Studies found symmetrical dental development

of normally erupted left and right mandibular teeth.'*
In contrast, delay maturation of mandibular second
molars with arrested eruption has been reported.” It
has yet to be tested if the calcification stage of a 7M
and its normal counterpart (7N) are equal.

This study had four aims: Firstly, to compare
the occlusal inclination and root curvatures of 7M and
6M with their normal counterparts on the opposite side
(7N and 6N). Secondly, to characterize the root curvature
patterns of 7M and 6M. Thirdly, to determine the correlation
between the occlusal inclination and the degrees of
root curvature for 7M. And fourthly, to compare the

calcification stages of 7M and 7N.

Materials and Methods

Study participants

This cross-sectional study protocol was
approved by the ethics committee of the Faculty of
Dentistry, Chulalongkorn University. Panoramic radiographs
of patients who have a unilateral mesially impacted
mandibular second molar were assessed. A mandibular
second molar is considered to be mesially impacted
when its mesial cusps are positioned against the undercut
of the distal wall of the first molar and three quarter of
its roots have formed.” Inclusion criteria were: the presence
of all permanent teeth including mandibular third molars,
absence of posterior dental crowding (overlapping of
posterior teeth in the film must be less than 1/3 of
mesio-distal width), formation of at least three quarters
of the root of each mandibular second molar, no history
of systemic disease or previous orthodontic treatment,
and no facial asymmetry. The mandibular molar crowns
and roots had to be clearly defined in the radiograph.
Additionally, the difference between the mesio-distal
crown width of the left and right mandibular first molars
must not exceed 5 % to ensure a symmetrical head

position during radiography. Exclusion criteria were
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abnormally sized or shaped teeth and single-rooted
mandibular second molars. All radiographs were taken using
the same machine (Kodak 8000c, Carestream Health INC,
Rochester, NY, USA.) with a standardized method.

A total of 35, 840 panoramic radiographs taken
at the Radiology Clinic, Faculty of Dentistry, Chulalongkorn
University during 2006-2013, were screened. According
to the inclusion and exclusion criteria, 51 radiographs
were selected from 25 males and 26 females patients

who were between the ages of 11-34 years old.

Measurements
All panoramic image files were transferred to

ImageJ software (www.rsb.info.nih.gov/ij/). A horizontal

(H) line parallel to the horizontal border of the image
was drawn (Fig 1). This line was formed on the image from
thousands of tiny pixels connected together; to ensure
true parallelism, the line of pixels must be linear without
“stepping”. As each patient’s head was symmetrically
positioned and fixed using the chin and temporal supports
of the machine during radiography, the H line was
determined to be a repeatable external reference line
for occlusal inclination measurements. The occlusal
inclination of each mandibular molar was defined as
the angle between the line connecting the mesio-buccal
and disto-buccal cusps of the tooth and the H line (Fig

1). Acute angle means the tooth is mesially inclined

and distally inclined vice versa.

Figure 1 Occlusal inclination measurement from a panoramic radiograph. (H line = Horizontal reference line)

The root curvature of both the mesial and the
distal roots of each molar was assessed. The middle
third root curvature was defined as the angle formed
by the intra-coronal root canal axis passing the canal
orifice and the intra root canal axis immediately below the
curve of the canal (Fig 2). The apical third root curvature

was defined as the angle formed by the intra-apical root

canal axis passing the apical foramen and the intra root
canal axis immediately above the curve of the canal (Fig 3).
The angles formed at the distal side of the bisecting axis
were measured; an angle < 180 degree indicated that
part of the root was distally curved; otherwise, mesially
curved. For teeth with incomplete root formation, only

the curvature of the middle third root was measured.
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Figure 3 Root curvature measurement at the apical third level

The patterns of molar root curvatures were
described using descriptive statistics. Paired t-tests were
used to compare the root curvature and the occlusal
inclination between 7M and 7N. The root curvature and
occlusal inclination of 6M and 6N were also compared.
Pearson correlations analysis was used to investigate
the relationship between 7M occlusal inclination and
its root curvatures. All tests were considered significant
if P<0.05.

The dental calcification stages of 7M and 7N
were assessed using the Demirjian Index.'! Since all
molars included were required to have a formation of
at least three quarters of their roots, the calcification
stages of the molars could be classified as either G stage:
the walls of the root canal are parallel, but the apical end
is partially open, or H stage: the root apex is completely
closed. The periodontal membrane surrounding the
root and apex is uniform in width throughout.

All parameters were measured by only one

investigator. To assess measurement eror and intra-observer

reliability, ten panoramic radiographs were randomly
selected. All parameters were re-measured within one
week after the initial analysis. According to Dahlberg’s
formula,"* the random error for the measured parameters
ranged from 0.092 to 1.84 degree. The intraclass correlation
coefficients for all measurements were >0.92, indicating

the measured data were sufficiently reliable.

Overall, 7M was significantly more mesially
inclined than 7N (133.3°£12.0° vs. 161.5°+8.4° P<0.01;
Table 1). For 7M, the apical third of its mesial root was
more likely to be mesially curved (194.1°+23.2°) while
that of 7N tended to be distally curved (172.0°+13.4%
P<0.01; Table 2). In contrast to 7M, 6M was significantly
more distally inclined than 6N (172.2°+11.7° vs.
166.4°+6.1°% P<0.01; Table 1). The root curvatures of 6M
and 6N were different; the apical thirds of the mesial and
distal roots of 6M were more distally curved than those
of 6N (P<0.01), whereas the middle third of the distal
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root of 6M was more mesially curved than that of 6N
(P<0.05; Table 3). No significant correlations were observed

between the inclination of 7M and its root curvatures

(Table 5).

Table 1 Occlusal inclination of 7M, 7N, 6M, and 6N

(P>0.05; Table 4). Thirteen out of the fifty-one 7M teeth
had delayed calcification compared to the opposing 7N

Occlusal Inclination (degrees)

95% CI*

Tooth P-value' of mean difference
Mesially impacted (M) Normal inclination (N)
Second molars (7) (n = 51) 1333 + 12.0 161.5 + 8.4 0.00%* 24.9,31.6
First molars (6) (n = 51) 172.2 £ 11.7 166.4 + 6.1 0.00** 2.1,9.6
1 Paired t-tests; **P < 0.01  # Confidence Interval
Table 2 Comparison of root curvature between 7M and 7N
Root curvature (degrees) 95% CI*
Root P-value' of mean difference
™ 7N
Mesial root, middle third (n = 51) 153.4 + 15.8 155.7 + 14.5 0.35" -71.3,2.6
Mesial root, apical third (n = 39) 1941 + 23.2 172.0 + 134 0.00** 13.0, 31.2
Distal root, middle third (n = 51) 189.7 + 16.9 188.8 + 12.5 0.75" 42,58
Distal root, apical third (n = 39) 177.4 + 224 169.4 + 21.6 0.84" -1.1,17.1
1t Paired t-tests; NS not significant, **P < 0.01  # Confidence Interval
Table 3 Comparison of root curvature between 6M and 6N
Root curvature (degrees) 95% CI°
Root P-value' of mean difference
6M 6N
Mesial root, middle third (n = 51) 152.6 + 8.7 152.6 + 6.7 0.99" 28,28
Mesial root, apical third (n = 51) 160.3 + 19.5 176.2 + 13.3 0.00** -21.7,-10.1
Distal root, middle third (n = 51) 190.4 + 12.0 184.9 + 10.4 0.01* 1.2,9.6
Distal root, apical third (n = 51) 166.7 + 23.2 178.2 + 13.9 0.00** -17.9,-5.1
1 Paired t-tests; NS not significant, *P < 0.05, **P < 0.01  # Confidence interval
Table 4 Pearson’s correlation coefficients for 7M inclination and its root curvatures (n = 51)
Pearson’s correlation
Root curvature P-value 95% CI*
coefficient
Mesial root, middle third -0.08 0.56" -0.3,0.2
Mesial root, apical third 0.20 0.23" -0.1,0.5
Distal root, middle third 0.16 0.27" -0.1, 0.5
Distal root, apical third 0.22 0.18" -0.1,0.5

" not significant ¥ Confidence Interval
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Table 5 Comparison of the developmental stage for 7M and 7N according to the Demirjian Index

Development of 7M in comparison to 7N Developmental stage (7M:7N) N (%)
Equal GG 20 (39.2)
H:H 18 (35.3)
Delayed G:H 13 (25.5)

Discussion

The present study reveals the root curvatures
of 7TM and 7N as well as 6M and 6N are varied, and 6M were
more distally inclined than 6N. No correlation between 7TM
root curvature and inclination was observed. Approximately
one quarter of 7M teeth have delayed root calcification
in comparison to 7N.

The finding that the apical third of the mesial
roots of 7M curved mesially is in contrast to the natural
tendency for the mesial root tips of the mandibular
molars to point distally.” Nevertheless, our result is in

' who also found

accordance with Yamaoka et al.,
mesially impacted mandibular third molars tended to
have mesially curved roots at the apical third level. This
observation may be related to the findings of a previous
investigation, which reported unilateral impacted
mandibular second molars had a reduced mesial root
length compared to their normal counterparts.” In that
study, root length was measured linearly from the
occlusal plane to the root apex; hence, the shorter root
length may be due to increased curvature of the roots.

The increased distal inclination of 6M in
comparison to 6N may be due to the influence of 7M.
It has been theorized that an inclined impacted tooth
may exert pressure on an adjacent normal tooth and
alter tooth inclination."” In the patients examined in this
study, pressure from 7M may disturb the normal eruption
path of the developing 6M, causing the teeth to be
more upright. This effect may also cause the more
distally curved apical thirds of both mesial and distal
roots and mesially curved middle third of the distal root

for 6M in comparison to 6N.

The absence of a significant relationship
between occlusal inclination and root curvature for 7M
supports the conclusion of Yamaoka et al,, ' that curved root
apices are mainly caused by restricted root development,
not by the tooth position, and that curved roots are the
result of a combination of genetics and environmental
influences.

One of the etiologic factors associated with
molar impaction is a lack of space in the retromolar
area.”” Under-development of the mandibular molars
on the affected side among a group of patients with
hemifacial microsomia had been observed." After
distraction osteogenesis, the development of the molars
on the affected side accelerated towards normal. The
authors suggested that the available space may play
an important role in dental development. The mesial
impaction and delayed root development observed for
7Min a quarter of our study samples may be attributed
to the same etiologic factor, i.e. inadequate space. A
further analysis relating the degree of impaction, root
calcification stage and retromolar space would provide
additional insight into the influence of space on dental
development and position.

The delayed root development of 7M in
comparison with 7N observed in this study agrees with
two previous studies reporting delayed root formation
for mesially inclined molars."* In a study done with rats,
the authors found and discussed that the normal occlusal
force may regulate the normal degree of root formation.”
The delayed root development of the 7M in our study

may be due to less exposure to occlusal force than a
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tooth with normal path of eruption.

This study has several strengths. Previous studies
assessing root curvature used radiographic films and
usually defined the root angle on the basis of the
intersection of the apical third root canal axis and tooth
axis.'**"* This methodology raises two issues. First, the
quality of film images varies due to film processing and
storage procedures. Moreover, image contrast cannot
be adjusted, unless the film is scanned and transformed to
a digital file. Secondly, observing only apical root curvature
may not be sufficient to describe the characteristics of
the whole root since a root may not only curve at the
apical level, but also at the middle level. Therefore,
the whole root measurement methods of Weine” and
Schneider* were adapted to assess digital radiographic
files by using Image J which is a public domain image
manipulation software that features a number of tools
for digital image processing, enabling determination of
linear and angular measurements, calculation of areas,
particle analysis and cell counts, etc.”” Image J has been
employed in a number of dental research studies during
the last decade.””’ It has also been used to quantify
root curvature and tooth inclination.”” Moreover, an
external horizontal reference plane was used to measure
occlusal inclination. As a result, the inclination of each
molar could be compared with that of the adjacent
molars and the contralateral molars on the same plane.
Apart from a naturally low prevalence of 7M, radiographs
with questionable quality was excluded, leading to a
decreased sample size. A multicenter study would
beneficially increase the number of samples which
would increase the power of the study. Although all
parameters were measured by only one investigator to
prevent inter-observer measurement bias, the affected and
control sides could not be blinded from the investigator.
This may inevitably lead to observer bias. Moreover, some
interesting parameters such as types of malocclusion
may be an influencing factor which may play a role on
the occurrence of 7M. This should be considered to be

included in further study.

The limitations of measuring occlusal inclination
and root curvature from panoramic radiographs should
not be overlooked. First, although well-standardized,
an alteration in the tilt of the head position along the
transverse axis during radiography would influence the
appearance of occlusal inclination. However, should this
problem occur, it would affect the left and right teeth
equally, which would not affect the comparisons within
the same patient. Secondly, panoramic radiographs can
produce less sharp images than periapical radiographs.
Yet, in order to compare the occlusal inclination of the
teeth bilaterally, the use of panoramic radiographs was
necessary. The other important limitation is that this study
had a cross-sectional design, which cannot explain the
cause-effect relationship between occlusal inclination
and root curvature, nor the effects of age or the development
of the third molars on the development of second molar
impaction. A longitudinal prospective cohort study
should be performed to explore these relationships.

Although the results of this study cannot explain
the cause-effect relationship between parameters, it
may be implied that, if left untreated, 7M may not only
disturb development of its roots, but also affect the
inclination and roots of adjacent first molars. The pattern
of root curvature of 7M and 6M as founded in this study
may pose difficulty in orthodontic treatment, root canal
treatment or extraction. This information justifies the
importance of early detection and prevention of late

complications associated with 7M.

Conclusion

This study demonstrates that the degrees of
root curvature vary between 7M and 7N as well as
between 6M and 6N. The apical third of the mesial root
of 7M was more mesially curved than that of 7N. While
6M was more upright than 6N, 6M was more distally
curved at apical third in both the mesial and the distal
root, and more mesially curved at the middle third of

the distal root than 6N. There was no association
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between 7M occlusal inclination and its degrees of root
curvature. Lastly, one quarter of 7M had delayed

calcification compared to their normal counterparts.
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