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

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

-Materials and Methods: indicate details of
materials and methods used in the study for readers
to be able to repeat such as chemical product
names, types of experimental animals, details of
patients including sources, sex, age etc. It must also
indicate name, type, specification, and other
information of materials for each method. For a
research report performed in human subjects,
authors should indicate that the study was
performed according to the ethical Principles for
Mediical 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, graphs 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 lJ, 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.,,
assienee. 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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'Department of Periodontology, Faculty of Dentistry, Chulalongkorn University, Bangkok
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Aadgy: Msaslniveslleliondeizusiug, wadaunie, lsausviud, Iamnssuiede

Abstract

The goal of periodontal therapy is to regenerate the previously deprived periodontal tissue caused by the
periodontal infection, in order to gain the new attachment and restore its function in a healthy condition. Tissue
engineering has become of interest in the field of periodontal regeneration by which its idea to reconstruct previously
lost organs and tissue function, with a biocompatibility and low immune rejection. This review article aimed to
update and review the previously published literatures regarding periodontal tissue engineering and to enhance
the knowledge on the basis of tissue engineering. The factors influencing the successful outcome of the periodontal
tissue engineering, including cells, signaling molecules and scaffolds were described and discussed. Moreover, the
recent perspectives of periodontal tissue engineering technology were also introduced. Together with the knowledge
of tissue engineering and profound understanding in the nature of periodontal tissue will lead to the future insightful

research works and finally come across with the novel applications for periodontal therapy in the real clinical settings.

Keywords: Periodontal regeneration, Stem cell, Periodontal disease, Tissue engineering

Srithanyarat, 2019 1
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Figure 1  Essential factors require for periodontal tissue engineering
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The Development of Nasal Stents “Nasoform” to Improve the Surgical Outcomes
of Primary Cleft lip-nose Correction in A Patient with Unilateral Complete
Cleft Lip and Palate: A Case Report
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Abstract

This report presents the development of nasal stent “Nasoform” to improve the surgical outcomes of
primary cleft lip-nose correction. The design of appliances that leads to the successful usage was a result of knowledge
integration among the physician and the parent. This case demonstrates the benefit of using Nasoform in a patient
with unilateral complete cleft lip and palate. The symmetry of nose was maintained during the healing process

and during growth. The collapsed nostril was dilated and shaped to the natural form.
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Figure 3  The third design of the nasal stent (Nasoform)
A) The first Nasoform B) The current Nasoform C) Components
of the current Nasoform (1) Nasal conformer (2) Wire framework
(3) Elastic sleeve (4) Holder button (5) Holder strap
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Figure 4 Nasoform fabrication
A) Fix the wire framework to the nose silicone mold B) Fill
the nostrils with acrylic resin C) Make breathing holes
D) Remove excess acrylic resin E) Soak in hot water and

cure in a pressure cooker pot F) Finished Nasoform
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Figure 5 The appearance of the nose
A) Before using Nasoform B) Use Nasoform for 3 months
C) Use Nasoform for 6 months D) Stop using Nasoform for

3 months
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Figure 6 The appearance of the nose
A) Age 3 years 6 months (stop using Nasoform for 2 years
4 months) B) Age 5 years 11 months (start using Nasosorm
at age 3 years 6 months, but the last using date cannot
be identified)
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The symmetry of nose

A) Two weeks after cleft lip-nose correction B) Before using
Nasoform C) Use Nasoform for 3 months D) Use Nasoform
for 6 months E) Stop using Nasoform for 3 months F) Stop
using Nasoform for 2 years 4 months G) Age 5 years 11
months (start using Nasosorm at age 3 years 6 months, but

the last using date cannot be identified)
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Figure 8 The appearance of the nose collapsed after cleft lip-nose
correction occurred in two patients
A) Three months after surgery B) Six months after surgery
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Abstract

This study was a cross-sectional analytical study. The purposes were to study the oral health status, oral
hygiene care as well as the association between oral hygiene care and the remaining natural tooth status in
homebound elderly. The sample consisted of 110 homebound elderly (Barthel ADL 5 - 11 or >12 with limited
movement) aged 60 years and over, lived in Hat Yai municipality, Songkhla province. The data were obtained via
interviewing and oral examination. Which has statistical analysis by mean, frequency, Chi-square and Fisher’s exact
test. The results showed that average age was 76.6+9.3 years ranged from 60 to 102 years old, 75.5 % of the samples
had natural teeth with an average of 11.7+10.4 teeth/person and 35.5 % had occluded teeth at least 4 pairs. About
65 % of them had the site with the highest plaque level covered more than 2/3 of tooth surface and nearly 60 %
had the area with highest tongue coating level of 3 (heavy coating). The study found that remaining natural tooth

status was significantly associated with oral hygiene cares on tooth/gum brushing, oral cleaning frequency and
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appropriate oral cleaning (p<0.05). From the study are concluded that the high proportion of this homebound

elderly had concerned oral health problems and poor oral hygiene. In addition, remaining natural tooth status was

associated with oral hygiene care of the elderly.

Keywords: Oral hygiene care, Tongue coating, Home bound elderly, Plagque level, Oral health status
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Table 1 Personal data (n = 110)
Variable n %
Gender
Male 35 31.8
Female 75 68.2
Systemic disease
Yes 106 96.4
No a4 3.6
Risk of depression (n=98)
Yes ar 48.0
No 51 52.0
Risk of dementia (n=98)
Yes 16 16.3
No 82 87.3

A5 2 MI0IFA-GNGA ANAALLAYEIUTENIULAIN T INYOIaN NI gUn IMTesU Az lEYastn (n = 110)

Table 2 Minimum-maximum values, mean and standard deviation of oral health and oral hygiene status (n=110)

Variables Min Max Mean +SD
Number of teeth (teeth/person) 0 31 11.7+10.4
Functional occluded teeth (pairs/person) 0 8 2.8+3.3
Decay (teeth/person) 0 16 3.1+3.6
Filling (teeth/person) 0 8 0.4+1.3
Missing (teeth/person) 0 32 20.2+10.6
Plaque level 0 3 1.8+0.8
Tongue coating level 0 2 1.2+0.6
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#1591 3 AATILVOINGUAI0ENVOITUMUTALITUTN 1I2gUN MY INUAYaUITEYDIUIN (n = 110)

Table 3  Proportion of samples for variables related to oral health and oral hygiene status (n=110)

Variable n %

Remaining natural tooth status

Yes 83 75.5
No 27 24.5
Tooth Mobility (highest level) (n=80)

0 = Normal 3 3.8
1=<lmm 20 25.0
2=21mm-<2mm 24 30.0
3 = > 2 mm or vertical mobility 33 41.2
Wearing full denture or partial

Yes 30 27.3
No 80 72.3
Occluded teeth =4 pairs

Yes 43 35.5
No 67 64.5
Tongue coating (highest values)

0 = No coating 11 10.0
1 = Light coating 34 30.9
2 = Heavy coating 65 59.1
Calculus (highest level) (n=76)

0 = Normal 4 53
1 = <1/3 of tooth surface 15 19.7
2 =2>1/3 - < 2/3 of tooth surface 15 19.7
3 = >2/3 of tooth surface a2 55.3
Plaque (highest level) (n=76)

0 = Normal 3 3.9
1 = <1/3 of tooth surface 11 14.5
2 =2>1/3 - < 2/3 of tooth surface 13 17.1
3 = > 2/3 of tooth surface 49 64.5
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7157991 4 anaauvesnguiieeh e UNgAn NN TPuasulEYeILN (n=110)

Table 4  Proportion of samples related to oral hygiene care (n=110)

Variable n %
Oral cleansing technique Tooth or gum brushing Yes 78 70.9
No 32 29.1
Tongue brushing Yes 36 32.7
No 74 67.3
Proximal cleansing Yes 23 20.9
No 87 79.1
Oral wiping Yes 5 4.5
No 105 95.5
Mouth rinsing Yes 105 95.5
No 5 a5
Oral cleaning Frequency Not every day 4 3.6
Once a day 31 28.2
Twice a day 49 4a4.5
> 3 per day 26 23.6
Oral cleansing time After wakeup Yes 97 88.2
No 13 11.8
After breakfast Yes 27 24.5
No 83 75.5
After lunch Yes 25 227
No 85 77.3
Before sleeping Yes 53 48.2
No 57 51.8
Appropriate oral cleansing Dentatel Yes 39 47.0
No a4 53.0
Edentulous 2 Yes 4 14.8
No 23 85.2
Note 'Tooth brushing at least 2 times per day 20ral wiping at least 2 times per day
a1599i 5 dndauveanguiieguieaiumginssunsTiiazninimamazemituiionvenguiieeailaiuion (n=30)
Table 5 Proportion of samples on denture wearing and cleansing (n=30)
Variable n %
Denture Wearing time Al the time 10 333
Only when eating 14 46.7
Only day time 13.3
Others 6.7
Denture cleansing Yes 29 96.7
No 1 33
Denture cleansing technic Brushing with toothpaste Yes 20 66.7
No 10 33.3
Rinsing with water Yes 8 26.7
No 22 73.3
Brushing with soap Yes 3 10.0
No 27 90.0
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Figure 1  Relationships between natural teeth remaining and oral hygiene care (n=110)
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Disto-inclined Mandibular Second Molars and Adjacent First Molars: A Study
of Crown and Root Position, Morphologic Features Via Panoramic Radiograph
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Abstract

The objectives of this study were to evaluate the prevalence and location of root proximity between disto-
inclined mandibular second molars (7D) and adjacent first molars (6D), to examine the occlusal inclination and root
curvature of 7D and 6D, compared with their normal counterparts (7N, 6N), to compare the interradicular space
between 7D:6D and 7N:6N, and to evaluate the relationship between occlusal inclination and root curvature of 7D.
70 digital panoramic radiographs were studied. Image J software was used to measure occlusal inclination, root
curvature at middle third and apical third of mesial and distal roots, and interradicular space of 7D:6D and 7N:6N.

Paired t-tests and Pearson’s correlation analysis were used to compare differences between sides and to examine
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the relationship between variables, respectively. Root proximity was found in 62 from 70patients (88.57 %). Statistical
significant differences of the occlusal inclination between 7D and 7N was found (mean difference = 13.50° P<0.05).
A similar finding was observed between 6D and 6N (mean difference = 1.61°% P<0.05). In 7D, apical third of both
roots significantly curved distally (P<0.05). No association between occlusal inclination and root curvature of 7D
was found.

In conclusion, the findings of this study suggested that when 2nd molars are disto-inclined, distally curved
roots of the 2nd molar, shifted occlusal inclination of both 1st and 2nd molars and root proximity between them
may be expected. Early diagnosis and treatment may be advantageous in the prevention of root curvature and

proximity problems.

Keywords: Disto-inclined, Mandibular second molar, Mandidular first molar, Interradicular space, Root curvature,

Root proximity
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Table 1  Root proximity, prevalence and location on 6D distal root
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Table 2 MeanzStandard Deviation and comparison of interradicular space between7D:6D and 7N:6N
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Table 3 Mean+Standard Deviation and comparison of root curvature between 7D:7N
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Table 4 MeanzStandard Deviation and comparison of root curvature between 6D:6N
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Abstract

The aim of this study was to compare the effects of an essential oil mouth rinse and placebo (220 ppm
sodium fluoride mouth rinse) on plaque. This study design was a double-blind cross-over randomized control trial.
Sixty-five visually impaired children that older than 8 years old were recruited and rinsed daily with 20 cc of either
an essential oil or placebo under the supervision of teachers after tooth brushing before bedtime for 3 months.
Interviewed questionnaire, brushing observation and plaque index were used for data collected. Percentage, mean,
Chi-square and Sample t-test analysis were used for analytical comparison. The findings revealed that essential oil

mouth rinse was significant in reducing plaque to score 0-2 (P<0.001) better than control. Using paired t-test, mean
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plague of essential oil group is better than control (P=0.015). Moreover, essential oil mouth rinse group had a

significant reduction of plaque score 3 at baseline better than the control group (P=0.005). This 3-month randomized

control study demonstrated the effect of essential oil mouth rinse on plaque reduction.

Keywords: Essential oil mouth rinse, Visually impaired children, Plaque
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Table 1  General characteristics
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n (%)
Determinants Essential oil Placebo p-value
(n =32 (n = 33)
Sex
- Male 15 (46.8) 15 (45.4) 0. 55
- Female 17 (53.2) 18 (54.6) 0.82
Age (mean %SD) 13.53+3.3 13.33+3.7
School
- Thammasakon Hatyai school for the blind 20 (62.5) 22 (66.6) 0.79
- Other schools 12 (37.5) 11(33.4)
Level of visual impairment
- Total blindness 16 (50.0) 15 (45.4) 0.80
- Low vision 16 (50.0) 18 (54.6)
Plaque (mean+SD) 3.33+0.46 3.30+0.64 0.83
Gingivitis (mean+SD) 1.40+0.21 1.35+0.21 0.30
a5l 2 msnszarevesriinsugaunslussusn 9 nddldiherdauuin
Table 2 Distribution of plaque score levels after using mouthrinse
n (%)
Plaque score Essential oil Placebo prvalue
0 0(0.0) 4(0.1) <0.05
1 18 (0.6) 11(0.3)
2 177 (5.5) 108 (3.3)
3 1517 (47.2) 1496 (46.4)
a 900 (28.0) 906 (28.1)
5 602 (18.7) 701 (21.7)
a5l 3 Sadausumleiiiavinsuedunidudardamendinsliheniuun
Table 3 The proportion of plaque score levels after using mouthrinse
n (%)
Determinant p-value
Essential oil Placebo
Plague score
- 02 195 (6.1) 123 (3.8) <0.05
- 35 3019 (93.9) 3013 (96.2)
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Table 4 Mean plaque score after using mouthrinse

Mean (SD)
Determinant p-value* p-value**
Essential oil Placebo
Plaque 3.60 (0.41) 3.69 (0.44) 0.67 <0.05
* Sample t-test, ** Paired Sample t-test
15997 5 dndaupdilesiugaunidsesusng 9 vesiumisiidadrinsrueaunidnoutud 3
Table 5 Proportion of plaque score levels that considered only score 3 before rinsing
n (%)
Plaque score o p-value
Essential oil Placebo
0 0 0 <0.05
1 1(0.1) 1(0.1)
2 63 (6.5) 35 (3.6)
3 578 (59.3) 541 (55.7)
il 247 (25.4) 284 (29.2)
5 85 (8.7) 110 (11.3)
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Prevalence and Associated Factors of Musculoskeletal Symptoms in the Neck,
Shoulder, Hands and Wrists among Thai Endodontists

Jiratchaya Satitpittakul', Uraiwan Chokchanachaisakul', Prawit Janwantanakul?®
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“Department of Physical Therapy, Faculty of Allied Health Sciences, Chulalongkorn University, Bangkok

Abstract

The aims of this study are to investigate self-reported prevalence of musculoskeletal symptoms and the
association between prevalence of musculoskeletal symptoms with certain individuals, work-related physical and
psychosocial factors among Thai endodontists. A questionnaire was mailed to 232 Thai endodontists. The questionnaire
consists of four parts include personal data, professional data, musculoskeletal data and psychosocial factors. Data
were analysed using chi-square, Mann-Whitney U test and logistic regression at a significant level of P<0.05. A total
of 200 participants returned questionnaires at an 86 % response rate. After excluding the samples who work as an
endodontists for less than 50 %, 84.9 % of Thai endodontists reported at least one musculoskeletal disorders
(MSDs). The prevalence of disorders was highest in the neck (55 %) and right shoulder (48 %). Being less than 35
years old (P=0.005), having less than 5 years of work experience (P=0.001) and having a high physically demanding
job (P=0.047) were factors associated with MSDs complaint. Having a previous history of symptoms (OR:2.230,
95%Cl:1.06-4.70) and not being in a regularly straight back position (OR:2.629, 95%Cl:1.206-5.731) had a significant
correlation with present neck pain. The group of endodontists that use magnification had less prevalence of MSDs.
In conclusion, a high prevalence of Thai endodontists that reported MSDs were associated with young endodontists
and having a highly physically demanding job. The most prevalent region is neck pain, related with previous symptoms
and awkward posture. Interventions aimed at reducing the MSDs occurrence in endodontists should focus on

younger endodontists to prevent pre-symptoms and to decrease the prevalence of disorders.
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Introduction

The definition of the term musculoskeletal
disorders (MSDs) is injuries and disorders that affect the
hunman body movement which denotes health problems of
the locomotor apparatus. MSDs include all forms of ill-
health ranging from light, transitory disorders to irreversible,
disabling injuries. ' Many studies have shown that dentists
have a high frequency of MSDs such as pain at the neck,
back and shoulder (Table 2). **

Dentist is another career which is at risk of
occupational health problem especially MSDs.”® The
characteristics of dental operation are static postures
and long-duration work times. Prolonging the same body
position induces muscles to constantly contract as a
cause of MSDs, which found that 64-78 % of dentists
have this problems.” The MSDs interfere with some
daily and working activities such as dental practice, body
movement, exercise and often are causes of absent
practice.” Moreover, these frequently turn to be the
cause of premature retirement for some dentists."
Although there are several innovations of dental units
and equipment which were built to make comfortable
work environment and reduce the risk of MSDs in dentistry,
musculoskeletal complications among dentists is highly

prevalent.>"!

Most dentists indicated having at least one
symptom of musculoskeletal diseases in the past year.”
Endodontic treatment requires repetitive precise
movement with a long duration in each case. In addition,
this specialty frequently uses magnification i.e. loupe
and microscope, which can improve the posture during
treatment."""* Therefore, using magnification may decrease
the incidence of MSDs. In Thailand, there was no research
done to specifically explore the musculoskeletal disorders
in endodontists. Moreover, no study has investigated
the association of MSDs with previous symptoms and
psychosocial factors specific in endodontists.
Toincrease data and knowledge of musculoskeletal
problem in endodontists, the purpose of this study was to

investigate the self-reported prevalence of musculoskeletal

symptoms in the neck, back, hands and wrists among Thai
endodontists and to investigate the association between
prevalence of musculoskeletal symptoms with certain

individual, work-related physical and psychosocial factors.

Materials and Methods

A cross-sectional study survey on musculoskeletal
symptoms in endodontics was conducted from May to July
2017 amongst ordinary members of the Thai Endodontic
Association, dentists who completed a postgraduate
program in endodontics and practice in Thailand. The
Yamane method"’ were used to determine the sample
size from a given population. The sample size calculated
by Yamane T’s formula was 232 samples (P=0.05 and
552 members). Randomization was performed by using
excel random function. Self-administered questionnaire
was forwarded to the 232 samples and returned by
mail. The data were analyzed from endodontists who
did endodontic work for more than 50 % of their overall
treatment. This study was approved by the Ethics Review
Committee for Research, Faculty of Dentistry, Chulalongkorn
University (HREC-DCU 2017-003).

The questionnaire consisted of four parts: (1)
personal data of the participants, (2) professional data
of the participants, (3) information on the prevalence of
musculoskeletal disorders. Musculoskeletal complaints
were measured using the standardized Nordic questionnaire
for the analysis of musculoskeletal symptoms and (4)
work-related psychosocial factors using the Thai Job
Content Questionnaire.™
Statistical analysis

Data were analyzed using the SPSS program
version 22. Chi-square was used to determine the significant
differences in the prevalence of MSDs during 12 months
with categorical variables. Any factors with a £<0.05 in
the Chi-square analysis were eligible for addition to the
modeling procedures. A multivariate logistic regression

analysis was performed to evaluate influence of factors
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on the occurrence of musculoskeletal complaints. The

level of significance was set at P<0.05.

The guestionnaire survey was completed by
200 samples (86 % response). Of these, 74 samples
were excluded because of systemic disease influenced
MSDs, pregnancy, and endodontic work less than 50 %
of their work. The results analysis was based on 126
endodontists.

The age of endodontists ranged from 25 to 71
years with a mean of 39.6 years, 34 samples were male
(27 %) and 92 samples were female (73 %). The average data
of BMI was 21.6 kg/m?” and endodontics work experience
was 11.9 years. Twenty and 36 samples frequently used
a loupe and microscope, 17.5 % and 28.6 %, respectively.

The majority of endodontists (84.9 %) reported
at least one MSDs in the past 12 months. The number
and percentages of endodontists who reported MSDs
complaints in each body part were shown in Figure 1.
Neck and right shoulder pain was two of the most
prevalent musculoskeletal complaint, reported by 55.6 %
and 48.4 % of the participants with 4.5 and 4.2 pain
intensity respectively. Both regions had a significant
correlation between previous symptoms and prevalence
of painin 12 months (P=0.034, OR:2.230, 95%Cl:1.06-4.70
and P<0.001, OR:4.41, 95%Cl:2.01-9.71).

Neck

Left Shoulder 70 (55.6)

49 (38.9)

Right Shoulder
61 (48.4)

V' A\
/ \
Upper back

38(30.2)

Lower back
44 (34.9)
Left

handfwrist
26 (20.6)

Right
hand/wrist
59 (46.8)

Figure 1 Number and percentage of endodontists who reports MSDs
complaints in past 12 months in each body part. Body part
in grey box was the most prevalence area.

A physically demanding job was only one
work-related psychosocial domain which had a significant
difference between MSDs complaints and no complaints
(P=0.047). The other domains, such as decision latitude,
psychological demands, social support, job security and

work hazards were not significant.

Association of variable with MSDs complaints in past 12
months

Multivariate logistic regression analysis revealed
that age and endodontics work experience were two
associated factors increased the MSDs complaints in the
past twelve months (shown in Table 1). Being less than
35 years old (OR:5.45 ,95%Cl:1.50-19.74) and having less
than 5 years of endodontics work experience (OR:14.644
,959%(Cl:1.886-113.685) were factors that had a signifi-
cantly higher difference between the groups of MSDs
complaints and no complaints.

Other factors in personal and profession data
include gender, weight, high, BMI, type of employment,
number of work days, work characteristics, number of
treatments per day, length of appointment, number of
patients per day, clock-related posture during practice,
using magnification, rotary instrument, ultrasonic and
air-motor devices had no significant associated between
MSDs complaints and no complaints.

After investigating specific data in neck pain
using multivariate logistic regression analysis of the most
prevalent MSDs, it was found that the prevalence of
neck pain is associated with a group of dentists who are
not regularly in the straight back position (OR:2.629,
95%Cl:1.206-5.731).
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Table 1 Data of MSDs complaints in past 12 months and associated factors increase MSDs.

Variable MSDs complaints in past 12 months N (%) p-value

Age <35years 54 (94.7 %) 0.005*
>35years 53 (76.8 %)

Endodontics work experience <5 years 48 (98.0 %) 0.001*
>5 years 59 (76.6 %)

Discussion

Most Thai dentists and endodontists indicated
at least one symptom of musculoskeletal diseases in
the past year. In this study, 84.9 % of endodontists

reports at least one MSDs in the past twelve months

which is higher than Greek endodontists."” Most dentists
(78 %) in the southern part of Thailand and 60-90 % in
other specialties reported MSDs.*”

Table 2 Lists studies that investigated whether dentist had experienced musculoskeletal pain in the past 12 months.

Author Country Samples % MSDs 2 Most region Associated factors increase MSDs

Zarra and Lambrianidis ~ Greece Endodontists 61 Neck and low back Awkward posture during practice and

2014 number of patient per day

Hodacova et al. 2015 Czech Dentist 97 Back and neck Female, more year of practice, history of

Republic serious MSDs and perceived bad/ very

bad general health

Legget and Smith 2006  Australia Dentist 87 Neck and low back  Younger dentist and less experienced
dentists

Alexopoulos et al. 2004 Greece Dentist 62 Low back and neck Physical load

Chowanadisaietal. 2000 Thailand Dentist 78 Back and neck Less year clinical practice and full time
workload

Finsen et al. 1998 Denmark Dentist 66 Neck and shoulder  Prolong work posture and high static
muscle load

Marshall et al. 1995 Australia Dentist 64 Neck and low back  Work for longer period

Endodontists in this study reported the most
prevalent MSDs compliant of body parts are neck pain
and right shoulder, which is a different tendency than
with a previous study which showed the highest complaints
were lower back and neck area.” Endodontics work
need to maintain their head in a specific position for a
long duration in each case (time average data from this
study was about one hour per case) in a limited area.
Therefore, being in the forward-head posture for a long

time also increases force on the upper neck muscles.

In the forward-head posture, the neck extensor muscle was
shortened. The center of gravity was then moved forward, and
the muscle balancing ability was reduced.'®" This stress and
strain can affect ischemia and pain in the overworked
neck muscles.” This can cause headaches and chronic
pain in the neck, shoulders and interscapular muscles.™

Endodontists who have five years or less of work
experience had a higher prevalence of MSDs according
to a previous study that showed a negative correlation

of years working with musculoskeletal pain.”*" The
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dentist who had more experience might be better able
to adjust their working postures and technique to prevent
MSDs pain. The present pain may be accumulative pain;
therefore, in this study, a correlation was found between
previous symptoms and prevalence pain.”’ Perceived
muscular tension can predict future neck-shoulder
symptoms”', therefore the prevention before disease occurs
is important. According to these results, an endodontic
training program should include interventions such as
providing awareness about operation postures and
using magnification to improve positions in a dental
student endodontics course to decrease the prevalence
of disorders in younger endodontists.

The present pain may be accumulative pain
since musculoskeletal pain is chronic symptom among
dental students. The most prevalent types of pain and
previous history also complaints pain at neck and shoulder.”
The results of neck and shoulder pain correlating with
previous symptom corresponds with findings of a study
with computer office workers that have static postures
and repetitive tasks.”” Another study also found that
perceived muscular tension predicted future neck-shoulder
symptoms.” Therefore, prevention before the disease
occurs is important by adjusting the posture of both
the endodontist and the patient into ergonomics.

In this study, 86 % females reported MSDs more
frequently compared with males (82 %). In general,
dentists also found female dentists reported MSDs more
frequently compared with males.*** This may be due
to a greater willingness by females to report symptoms
because of a lower pain threshold and greater interest
for her health.’

This study found no significant associations
between BMI with MSDs similar with a previous study."”
Having a BMI greater than 25 kg/m?” falls within the
overweight range and is associated with increased lower
back pain and lumbar disc degeneration particularly.” In
this survey, only a few endodontists were highly overweight
which could cause MSDs to the affected participants.

Endodontists in this study who had more frequent

use of loupe (77.3 %) and microscope (77.8 %) had less
prevalence of MSDs. Because of applying the loupe, the
working distance allows an optimal posture to be maintained.
Dental Operating microscopes improved the most neutral
postures by keeping operators in healthier postures and
give the highest magnification systems with the greatest
operating detail."?

The psychosocial work environment was measured
by the Job Content Questionnaire adjusted from Karasek
instrument® analysis in Thai version.™ In this study, it was
found that a physically demanding job has a significant
correlation with prevalence of MSDs in 12 months.
Endodontists who have a high score of physical job
demand also have high prevalence of MSDs complaints.
Almost every participant in this study complained of at
least one MSDs in a year. This is similar when compared with
nurses that a highly demanding physical job significantly
increased the risk of MSDs.”” Physical demands at work
are considered a critical determinant for progressing
MSDs including frequently stated occupational risk
factors such as high muscular loads, restricted postures, and
repetitive movements” which is similar in endodontics
work that requires repetitive precise movement and has
long duration in each case may increase the prevalence
of MSDs complaint. Prolonged static posture in long
duration be rise up musculoskeletal pain."

In this study, almost half of the endodontists
reported MSDs at wrist and hand which is higher than
dentists (10-44 %).**" Carpal tunnel syndrome is a specific
musculoskeletal problem, which has also been investigated
in dental professionals. Using hand-files for mechanical
instrument root canal over long hours and repeated
motion that can predispose endodontists to Carpal
tunnel syndrome. Endodontics rotary instrument help
to reducing the need for hand-filing and decreasing time
for shaping of root canals.””**

Overall analyzed data received from questionnaire,
which the participants might not confirmed diagnosis,
severity and cause of symptom by physician. To specific

MSDs from endodontic work, this study analysed the
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data from endodontists who have endodontic work
more than 50 % of their overall treatment. However,
the symptoms may co-influence from other causes such as
office syndrome, carry heavy belongings, type and frequency
of exercise or using a mobile device. A prospective research
design is required to establish the causal relationship
between exposure and outcome. Moreover, to clearly
confirm MSDs diagnosis, further studies should assess

posture at work using observation and physical examination.

Conclusion

High prevalence of endodontists reports at least
one MSDs in the past 12 months, which was highest in
the neck, significant correlation with previous symptoms
and associated with endodontists who have not regularly
in straight back position. According to these results, in
order to prevent MSDs endodontists should give awareness
about operation postures and using magnification to keep

straight back position especially in younger endodontists.
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Original Articles

Effect of Bleaching Methods on Resin Impregnated Tooth

Dusit Nantanapiboon' and Chaiwat Maneenut'

'Department of Operative Dentistry, Faculty of Dentistry, Chulalongkorn University, Bangkok

Abstract

The purpose of this research was to investigate the effect of bleaching methods on teeth that have a
resin impregnated layer. Half of the buccal of 40 extracted maxillary premolars were luted with orthodontic resin
cement and smooth polished with a tungsten carbide bur. The other half was used as a control group. The initial
color difference between both halves was unnoticed (AE<3). Teeth were divided into the following four groups: 1)
bleached with 10 % carbamide peroxide for 8 hours per day; 2) bleached with 20 % carbamide peroxide for 8 hours
per day; 3) in-office-bleaching with 40 % hydrogen peroxide every 6 days, and 4) in-office-bleaching with 40 %
hydrogen peroxide (1 day) followed by 10 % carbamide peroxide for 8 hours per day. The difference of color (AE)
between the cemented site and the controlled site was evaluated every three days using VITA Easyshade®V. The
bleaching procedures were continued until the AE less than 3. On day 3 of bleaching, the difference of color
between resin impregnated area and controlled area obviously increased in all the groups (AE>3). Group 3 showed
the highest color contrast followed by groups 2, 4 and 1 respectively. At day 6, the only increase in contrast was
with group 1 while the other group decreased. The unnoticeable color difference (AE<3) of group 3 was at day 6,
of group 4 and 2 were at day 9 and of group 1 was at day 15. All bleaching methods created color-mismatch. A

high concentration of bleaching gel caused a high contrast. However, it could reduce the contrast faster.
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Introduction

A common problem in esthetic dentistry is In the case of fixed orthodontic treatment, the
tooth discoloration. Its etiological factors are intrinsic, resin impregnated layer usually remains on the enamel
extrinsic and internalized stains' that can be managed after debonding and polishing. It extends for a distance

} of 11.8 - 18.9 um into the enamel surface, sometimes

by tooth bleaching such as in-office or home bleaching.”
Previous studies showed the safety of the tooth bleaching reaching up to 100 um into the tooth.*” A total removal

for the treatment of tooth discoloration.”* of this cement would decrease the enamel thickness
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and hardness.’ This resin impregnated layer may interfere
with the diffusion of bleaching agents and prolong the
process of tooth bleaching.”® Using 10 % carbamide
peroxide home bleaching, the mismatched color between
the resin impregnated area and the surrounding area
are noticeable during the first week which reduced the

esthetic and self-confidence of the patient.”

Materials and Methods

Specimen preparation

Forty extracted human maxillary premolars
were collected. The teeth were cleaned using dental
scaler and polished with a fine pumice slurry using a low
speed handpiece. The teeth were inspected for signs
of cracks, decay, and restoration by stereo microscope
(Stereo Microscope SZ61, Olympus, Japan). Only sound
teeth were included into the experiment. The selected
teeth were stored in 0.1 % thymol solution at 37°C
(degrees Celsius).

The individual silicone jig for locating the
experimental area was prepared for each tooth. Two circular
holes, 6 mm. in diameter, were made at mesio-buccal

and disto-buccal aspects of the tooth. The color of the tooth

Nowadays, there are several methods and
procedures used for tooth bleaching, including home
bleaching, in-office bleaching and a combination of
these two. Therefore, our study is conducted to investigate
the effect of different bleaching methods on a resin

impregnated tooth.

at both holes was measured using a spectrophotometer
(VITA Easyshade® V, Vivadent, Brea, CA, USA) and the
average values, from the four measurements, of both
holes were compared and calculated for color difference
(AE). A tooth that has a color difference between both
areas less than 3 (AE<3) was included into the experiment.
The disto-buccal area was used as the control and the
mesio-buccal area was used as the experimental area. A
bleaching tray with 1 mm.-thick space at buccal aspect,
for each tooth, was fabricated. The positioning of the
silicone jig and bleaching tray on each tooth could be
repeatable. The specimen preparation flow chart was

shown in Figure 1.

Selected 40 sound Fabricated individual

rmaxillary premolars silicone jig with 2 holes

1@ 0=, C

0

Measured color at both Prepared individual

areas to ensure AE < 3 bleaching tray

Figure 1  Specimen preparation.

Resin Impregnated layer preparation

A silicone jig was placed on the tooth and a
mesio-buccal area was etched with 37 % phosphoric acid
for 30 seconds, rinsed with spray-water for 30 seconds,
primed and luted with a clear light-cured orthodontic
adhesive cement (Transbond XT, 3M/Unitek, Monrovia,
CA, USA) of about 0.5 mm. thick. The cement was

pressed against the tooth surface using a transparent

aylindrical crystal with a diameter of 6 mm. Light (1,100-
1,330 mW/mm?) from the light curing unit (DemiTM Plus,
Kerr, USA) was applied through the crystal for 40 seconds.
The silicon jig was removed and light from the light curing
unit was applied on the cement for 20 seconds. The
specimen was stored in distilled water for 24 hours at 37°C.

The cement polishing was carried out with a

slow speed 30-fluted tungsten carbide bur (Shofu dental
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corporation, Japan) without water."" The bur was
changed after 5 specimens were polished. The polishing
was stopped when the cement was reduced to the same
level of the tooth surface. The specimen was polished
with a pumice without fluoride for 30 seconds and was
rinsed with 20 ml of distilled water. The polished area
was checked to confirm the resin impregnated layer

using stereomicroscope (Stereo Microscope SZ61,

Olympus, Japan) at X40 magnification. The silicone jig
was re-positioned and the color at mesio-buccal and
disto-buccal areas of the tooth was measured again.
Tooth with a color difference between both areas was
less than 3 (AE<3) was subjected to the next procedure
(bleaching). A resin Impregnated layer preparation flow

chart was shown in Figure 2.

®, .
@ .

Applied cement at Stored in distilled

mesio-buccal area and water for 24 hours at

polymerized with light 37 degrees Celsius

Polished with tungsten

and pumice

. > “_'-;-. r@‘

Checked remaining cement Measured color at both

by stereo Microscope area to ensure AE<3

Figure 2 Resin Impregnated layer preparation flow chart.

Bleaching protocols

The teeth were mounted on acrylic resin blocks and assigned into 4 groups of 10 teeth each (Table 1).

Table 1 Groups of experiment

Group Bleaching agent Bleaching time Teeth

1 10 % Carbamide peroxide 8 hours a day 10
(Home bleaching)

2 20 % Carbamide peroxide 8 hours a day 10
(Home bleaching)

3 40 % Hydrogen peroxide 2 cycles in day 1 and repeated the same 10
(In-office bleaching) procedure every 6 days

4 40 % Hydrogen peroxide + 10 % Carbamide peroxide 2 cycles in day 1 and 8 hours a day for 10

(In-office bleaching) (Home bleaching)

home bleaching

Group 1:  Specimens were bleached with 10 % carbamide peroxide (Opalescence 10 %, Ultradent, USA)

Group 2:  Specimens were bleached with 20 % carbamide peroxide (Opalescence 20 %, Ultradent, USA)

Group 3:  Specimens were bleached with 40 % hydrogen peroxide (Opalescence Boost 40 %, Ultradent, USA)

Group 4:  Specimens were bleached with 40 % hydrogen peroxide (Opalescence Boost 40 %, Ultradent, USA) in day 1
followed by 10 % carbamide peroxide (Opalescence 10 %, Ultradent, USA)

The mean of AE of all groups before being subjected to the bleaching procedure was not significantly different (p<0.05) using one-way ANOVA.

In group 1 and group 2, the bleaching tray with
gel was applied to the tooth. All specimens were stored
in artificial saliva without fluoride (Artificial saliva, Faculty
of Dentistry, Chulalongkorn University, Thailand) for 8
hours in a closed container with 100 % humidity at 37°C.

After bleaching, all specimens were stored in artificial

saliva without fluoride for 16 hours in a closed container
at 37°C. The bleaching agent and artificial saliva was
changed every day. The tooth color at both areas was
measured every 3 days until the color difference was
less than 3 (AE<3).
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In group 3, at day one, the bleaching agent was
applied in a bleaching tray and applied to the tooth for
2 cycles (20 minutes per cycle).”” The tooth color at
both areas was measured after each cycle. All specimens
were stored in artificial saliva without fluoride in a closed
container at 37°C. The same bleaching protocol was
repeated every 6 days. The tooth color at both areas
was measured after each cycle of bleaching and every
3 days after bleaching. The same procedure was repeated
until the color difference was less than 3 (AE<3).

In group 4, at day one, the 40 % hydrogen
peroxide bleaching agent was applied in a bleaching
tray and applied to the tooth for 2 cycles (20 minutes
per cycle)."” The tooth color at both areas was measured
after each cycle. All specimens were stored in artificial
saliva without fluoride in a closed container at 37 °C for
1 day. After that, specimens were bleached with 10 %
carbamide peroxide for 8 hours a day. During and after
bleaching, specimens were stored in artificial saliva

without fluoride in a closed container at 37°C. The

14

12.11+8.60

12

11.03+8.72

AE

7+7.46
10 o
9.22£4.80 s08e5)
8 7.69£5.55
6984345 7 +4.46
47242
2+2.48

172 175 174 175

2 +0.30 £0.32 0,36 £034

bleaching with 10 % carbamide peroxide for 8 hours a
day was continued and tooth color at both areas was
measured every 3 days until the color difference was
less than 3 (AE<3). The research proposal was approved
by the Ethics Committee of the Faculty of Dentistry,
Chulalongkorn University. The study code was HREC-DCU
2017-090.

Statistical Analysis

Significant difference of the mean of AE of all
groups before subject to bleaching procedure was
analyzed using one-way ANOVA.

The data after bleaching was analyzed using

descriptive statistical analysis.

Mean and standard deviation of color difference
(AE) between the resin impregnated area and the
controlled area before and after bleaching is shown in

Figure 3.
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Figure 3 Mean and standard deviation of AE.
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In Group 1, the color difference between two
areas was increased during bleaching. The highest color
difference (AE = 7.69+5.55) was shown on day 6. After
that, the color difference was reduced and the AE was
less than 3 at day 15 (AE = 1.99+1.30). On day 18, the
AE was decreased.

In Group 2, the color difference between two
areas was increased during bleaching. The highest color
difference (AE = 8.98+5.85) was shown on day 3. When the
bleaching continued, the color difference was reduced
and the AE was less than 3 at day 9 (AE = 2.15+1.67).
From day 9 to day 18, the AE is still decreased.

In Group 3, the obvious color difference (AE>3)
was shown after bleaching gel was applied. The highest
color difference (AE = 12.11+8.60) was shown on day
3. When bleaching was continued, the color difference
was reduced and the AE was less than 3 at first cycle
of bleaching of day 6 (AE = 1.64+1.01). After day 6, the
AE was increased but still less than 3.

In Group 4, at the second cycle of bleaching
of day 1, the highest color difference (AE = 10.37+7.46)
was shown. When the bleaching continued, the color
difference was reduced and the AE was less than 3 at day

9 (AE = 2.21+1.82). After day 9, the AE was decreased.

Discussion

The specific colorimetric measurement devices
are faster, more accurate, and more consistent in color
assessment compared to the human eye.>"* The device
applied in this research was Vita Easyshade® V which is
reliable, user-friendly and accurate. This device is combined
with the CIELAB color system which is widely used in
dental research to measure the color of teeth, restorative
material and the alteration of the tooth color after tooth
bleaching."" Data from the CIELAB color system can
be used to calculate color differences (AF) between areas.

AE can be related to the visual perception and the
clinical significance. The higher number of AE represents

more difference of color between the two areas. The

eye of a normal people can distinguish color differences
in the range of 3.018-5.234"" while the eyes of a dentist
can distinguish the color in the range of 2.2-4.4." So, our
study used AE which was less than 3 to determine the effect
of bleaching procedures on the resin impregnated area.

A bleaching agent composed of hydrogen
peroxide that could penetrate into the enamel and dentin
to interact with the organic chromophore molecules.
When hydroxyl radicals encounter the stain molecule,
they convert the chains into simple structure and alter
the optical properties resulting in the diminished
appearance of stain."” Previous studies that investigated
the effects of a high concentration bleaching agents
showed alterations of the enamel morphology and
properties. Microhardness and fracture toughness was
decreased, while surface roughness was increased. A
high concentration gel could penetrate into the dentin
more than one with a low concentration.””” In a clinical
situation, both low and high concentration bleaching
gels could give similar results in terms of color change.
However, the use of low concentration bleaching agents
took a longer period of treatment.”

The data from our study showed that the resin
impregnated area responded to tooth bleaching more
slowly than the normal area. This layer may prevent
the movement of bleaching agents and prolong the
process of tooth bleaching. The color contrast between
the two areas was visible. Using a high concentration gel
created a higher contrast than using a low concentration
gel. This mismatch in color is influenced mostly by the
color of the normal tooth area which is more responsive
to the bleaching gel. When the bleaching was continued,
the difference in color decreased gradually. Active free
radicals from the gel may freely move to the enamel
underneath the resin impregnated layer from other
directions. Previous research™ stated that when the resin
impregnated tooth was bleached with 10 % carbamide
peroxide, the color was mismatched during the first 15

days. However, when the bleaching continued, the
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mismatched color was reduced in 30 days.

Using a customized tray over the bleaching
agent in an in-office bleaching, also referred to as
“sealed in-office bleaching”, could reduce the amount
of peroxide and its penetration into pulp. However, this
technique did not affect the level of sensitivity reported
by the patient during the procedures. Intensity of tooth
sensitivity for the first 24 hours was reported after in-office
bleaching.'”” The 40 % hydrogen peroxide bleaching
could give a better result in color change but there was
a higher contrast between the two areas more quickly.
Apart from that, it may also cause higher tooth sensitivity.”*
In clinical practice, in-office bleaching performed without
a tray results in the use of more peroxide compared to
the sealed in-office bleaching. Thus, color contrast and its
decreasing way be shown faster. Bleaching by combination
of high and low concentration gels (group 4) could
decrease the color mismatch faster than using a low
concentration gel only. The result of this study was in
accordance with a previous research which found that
in-office bleaching with 40 % hydrogen peroxide followed
by home bleaching with 10 % carbamide peroxide could
whiten the normal tooth surface faster than only using
home bleaching.””

Tooth dehydration can affect tooth color,
translucency of enamel, and the dynamics of water in
enamel and dentin. The bleaching products have a
component that is used as a vehicle for active peroxide
substances called glycerin. Glycerin can absorb water
on its own and produces dehydration of tooth. Previous
study” that used bleaching gel contains 86 % glycerin
and ethanol showed the dehydration in bovine teeth,
which may result in a lighter tooth color. All bleaching
gels used in our study contain glycerin, so dehydration
of tooth may occur and lighten the tooth color. To
rehydrate the tooth, it was recommended that the tooth
should be soaked in artificial saliva or distilled water for
at least one hour to complete the hydration.”” In our

study, all specimens in the home bleaching groups were

stored in artificial saliva without fluoride for 16 hours
to rehydrate before color measurement. Therefore, the
change of color in these groups was due to tooth
bleaching only. On the other hand, the tooth color in
the in-office groups was immediately measured after
every cycle of bleaching. Therefore, the change of tooth
color was the effect of tooth bleaching and dehydration.
Color relapse after bleaching could happen. Many factors
might be involved in the relapse of tooth whitening
such as extrinsic staining from food and beverages and
the continuous deposition of secondary yellowish dentin
by the pulp.” After bleaching procedure was finished,
we found the color relapse in the group that bleaching
only with 40 % hydrogen peroxide which the AE was
increased. In this study, a relapse from dietary intake
could be eliminated. Though, it could not be established
for certain, it seemed tooth relapse seems to be associated
with the rehydration of teeth in artificial saliva or due
to the remnants of adhesive cements.

For clinical applications, all bleaching protocols
used in this study were effective for whitening the resin
impregnated tooth. The differences among these protocols
was the time duration of mismatch and whitening of
color. Apart from the color result, other side effects
such as sensitivity and soft tissue irritation should be
considered. Moreover, a limitation of this study that
should be considered was the age of the resin impregnated
layer. In a clinical situation, this layer would be older, at
least 1-2 years, and be subjected to the oral environment
resulting in some defects in the layer. Its response to
bleaching agent might be different from the resin layer

in our study.

Conclusion

All bleaching methods used in this study
affected the resin impregnated area differently. A highly
concentrated bleaching gel caused higher color contrast
than low concentration gel. However, the color contrast

decreased faster.
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The Effect of Toothpaste Containing Bioactive Glass Treatment on Surface
Staining Susceptibility of Bleached Teeth (In Vitro Study)

Thanasak Rakmanee' and Chaiwat Maneenut'
'Dental Material Science Research Center, Department of Operative Dentistry Faculty of Dentistry Chulalongkorn University, Bangkok

Abstract

The present study investigated the effects on enamel of a toothpaste containing bioactive glasses added
at different time periods of in-office bleaching with 40 % hydrogen peroxide (HP) gel by evaluating the effectiveness
of bleaching and staining susceptibility, using a spectrophotometer, non-contact profilometer and scanning electron
microscope (SEM). At baseline, luminosity (L1) and surface roughness (Ra0) of enamel were measured. Samples
(n=48) were allocated into four groups according to the treatments: 1) bleached with 40 % HP gel (Control); 2)
applied toothpaste containing bioactive glasses for 5 min prior to bleaching with 40 % HP gel (Bio Bleach); 3)
bleached with a mixture of 40 % HP gel and the toothpaste in a 1:1 proportion (Mix); 4) bleached with 40 % HP gel
and immediately applied the toothpaste for 5 min (Bleach Bio). After treatment, luminosity (L2) and roughness
(Ral) measurements and also SEM examination were performed. Samples were immersed in the staining solution
(red wine) every day for 14 days. Luminosity was measured on day 7 (L3) and day 14 (L4). At baseline, L1 values of
all groups were not significantly different. After bleaching, L values (L2) in all groups increased significantly and Mix
group significantly showed the lowest L values comparing to the others. After 7-day staining, L values (L3) in all
groups decreased but only the control and Bio_Bleach groups showed significant differences compared to the after
bleached values. After 14 days of staining, all groups, except the Mix group, significantly demonstrated lower L
values relatively to the values at 7-day staining. Despite the fact that surface roughness in all groups increased
after the completion of the bleaching process, only Bio_Bleach and Bleach Bio groups were statistically significant
relatively to the baseline. SEM analysis presented morphological alterations characterized by depressions, porosities
and superficial irregularities in different degrees. A treated enamel surface with toothpaste containing bioactive glass

either during or after 40 % HP in-office bleaching process reduced red wine staining.

Keywords: Bioactive glasses, Novamin, Red wine staining, Remineralizing agents, Vital tooth bleaching

Received Date: Jun 12, 2018 Revised Date: Jul 30, 2018 Accepted Date: Sep 6, 2018
Doi: 10.14456/jdat.2019.8

Correspondence to:

Thanasak Rakmanee. Department of Operative Dentistry, Faculty of Dentistry Chulalongkorn University, Bangkok Tel: 0813777152

Email: rthanasa@tu.ac.th

60 J DENT ASSOC THAI VOL.69 NO.1 JANUARY - MARCH 2019



Introduction

After tooth bleaching with hydrogen peroxide
(HP), coloring pigments can adhere to the enamel surface
and cause more discoloration.”® It is conceivable that
dietary components from coffee, tea, juices, red wine
and cola-based soft drinks consumed during or just
after the completion of bleaching increase staining
susceptibility and demineralization™' of the bleached
enamel surface, manifested by the shift of brightness
or luminosity parameter towards the negative (darker)
direction.’ Indeed, the bleached enamel particularly with
35 % HP is more susceptible to red-wine staining than
the other beverages.”” "' It was suggested that increased
surface roughness with pores or superficial defects
caused by the bleaching treatment makes the surface
more prone to staining.”” Therefore, post-bleaching

3101238 5f the enamel surface is considered a

roughness
predisposed factors for stain absorption. Thus, the damaged
enamel surface should be recovered or protected after
bleaching for a long-lasting whitening effect.
Remineralizing agents have been investigated
to improve the deleterious effects of the bleaching
procedure. An application of toothpastes containing
bicactive glasses (5.5 % NovaMin®) can reverse and
repair the significant loss of sodium and magnesium that
occur during tooth-bleaching with 40 % HP."* Moreover,
the application of desensitizing toothpastes on enamel
surface prior to bleaching with 35 % HP resulted in a
decrease of enamel roughness and a significant loss of
enamel micro-hardness.” Furthermore, bioactive glasses
promote an enhancement of the micro-hardness values in
bleached enamel compared with the unbleached area,
demonstrating a potential benefit for bleaching therapy.’
It has been documented that the relative
degradation and roughness of the enamel surface after
tooth bleaching have a direct influence on their staining

susceptibility.>”” If the enamel of a freshly bleached

tooth was surface treated by remineralizing agents, it
may reduce the absorption of stains and therefore
maintain the effect of bleaching for a longer time." It
seems that the damage done by bleaching procedures can
be repaired by either a subsequent use of toothpaste
containing bioactive glasses remineralizing agents or an
application of these agents prior to dental bleaching.
The sequence of bioactive glass surface treatment to
prevent the destructive bleaching effects on enamel is
yet to be evaluated and optimized. There has been no
study done that assessed the effect of biocactive glasses
incorporated in toothpastes on the staining behavior of
enamel after in-office bleaching with 40 % HP. Therefore,
the present study investigated the effects on enamel
of a toothpaste containing bioactive glasses added at
different time periods of in-office bleaching with 40 % HP
gel by evaluating the lightness, morphology and staining
susceptibility of enamel. The tested null hypothesis was
that enamel staining susceptibility post in-office bleaching
to red wine is not influenced by surface treatment

procedures regardless of different time periods used.

Materials and Methods

This study was reviewed and approved by the
Human Research Ethics Committee, Faculty of Dentistry,
Chulalongkorn University under study code HREC-DCU
2017-092 and carried out in the Dental Material Science
Research Center at the Faculty of Dentistry, Chulalongkom
University, Thailand. The bleaching agent used in this
study was Opalescence® Boost PF 40 % (Ultradent
Products, Inc., South Jordan, USA) and the toothpaste
containing bioactive glasses was Sensodyne® Repair &
Protect NovaMin® (SmithKline Beecham Consumer
Healthcare, Berkshire, United Kingdom). A schematic

outline of the experiment is shown in Figure 1.
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Figure 1 Schematic outline of study’s design and experimental groups.

Inclusion & Exclusion Criteria and Sample Preparation
Forty-eight human extracted maxillary premolars
were used. The buccal surfaces of the teeth were examined.
Teeth extracted for an orthodontic purpose with no
visible caries or structural defects or significant discoloration
on the enamel surface were selected while teeth with
obvious visible defects were excluded from the study.
The teeth were examined under 4.5x magnification
(MEUI EMZ, MEUI TECHNO CO.LTD, Tokyo, Japan). The
teeth were ultrasonically cleaned and polished with
non-fluoride pumice paste, stored in a 0.1 % thymol
solution at 4°C and used within 6 months after extraction.
To ensure standardized repositioning of the tooth surface
for tested measurements, the crown of the tooth sample
was embedded in putty silicone (Silagum® Putty Soft,
DMG Hamburg, Germany) with approximately 10 mm
thickness and a window, diameter of 5 mm, was created
in the middle of the buccal surface of the tooth. All
tests and measurements were done on enamel surface
at the prepared window.
Study design

All samples (n=48) were measured for the

baseline luminosity (L1) using a spectrophotometer (VITA
Easyshade® V, Vivadent, Brea, CA, USA) and surface
roughness (Ra0) using non-contacted profilometer (Alicona,
Infinite Focus SL, Austria). The initial luminosity (L value)
of each sample was used to stratify and allocate samples
into all four groups. The evaluation methods of the L
coordinate and surface roughness were described below.
The samples were divided into four groups according
to the treatment categories: 1) bleached with 40 % HP gel
(Control); 2) applied the toothpaste for 5 min prior to
bleaching (Bio_Bleach)’; 3) bleached with a mixture of the
bleaching gel and the toothpaste in a 1:1 proportion (Mix)**;
4) bleached with HP gel and immediately followed by
applying the toothpaste for 5 min'®'" (Bleach Bio). The
samples were then washed for 1 min with water-spray
and stored for 24 hr in non-fluoridated artificial saliva
at 37°C. The components of artificial saliva were described
elsewhere." A second luminosity measurement (L2) and
roughness analysis (Ral) were carried out. Following the
bleaching and surface treatment processes, two
representative samples from each group were randomly

selected for scanning electron microscope (SEM) analysis
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(JSM-5410LV, JEOL, Tokyo, Japan). The other 10 samples
in each group were then immersed in staining solution
(red wine, Montepulciano D’abruzzo, Velenosi, Italy, pH
4.5) for 15 min at room temperature and washed for 1
min with a water-spray and then stored for 24 hrs in
freshly prepared artificial saliva at 37°C.° The staining
process was repeated daily in which at day 7 and at the
end day 14, the third (L3) and the fourth (L4) luminosity
were recorded, respectively. Since determining appropriate
lishtness or a correct value of the teeth is the key success
in the clinical situation”, the present study utilized
luminosity (L values) as the primary outcome to monitor
any changes following bleaching and staining procedures.
Luminosity measurement®

Before measuring the L values, the tested
samples, which were always soaked in artificial saliva, were
quickly dried with blotting paper and then immediately
evaluated by a spectrophotometer. The 5-mm diameter
at buccal surface of each sample was recorded in terms
of the Commission Internationale De L’Eclairage (CIE) or
CIE L*a*b* system, providing numeric three-dimensional
color space with L* representing luminosity, a* green-to-red
and b* blue-to-yellow. L* represents the value from 0 - 100
(darkness to brightness) and a* and b* represent the
shade. Each sample was measured in triplicate and
rotated by 120° between two consecutive measurements.”
Surface roughness’ & SEM analysis®

Each sample was rinsed with distilled water
and air-dried prior to analyzation with a non-contact
profilometer which performs three measurements in
different directions on the enamel surface using the Ra
parameter (um) and a cut-off of 0.25 mm to determine
the average surface roughness (Ra) of each sample.”
Before SEM analysis, the 2 representative samples from each
group were ultrasonically cleaned for 5 min and dehydrated
by immersion in increasing alcohol concentrations and
air-dried and then gold sputter-coated (JFC-1200 Fine
Coater, JEOL, Tokyo, Japan).”’
Surface treatment & Bleaching procedure

For surface treatment in Bio Bleach and

Bleach Bio groups, the buccal surface of the sample
was applied with 1 mm thickness of the toothpaste
using a disposable applicator (Micro-brush/Vigodent)
and left in artificial saliva at 37°C for 5 min'® and then
water-sprayed for 1 min and stored in artificial saliva
37°C until further evaluation. The bleaching agents used
for samples in Control, Bio Bleach and Bleach Bio
groups were mixed according to the manufacturer’s
recommendation and dispensed to cover all the buccal
surface of the samples at a 2 mm in thickness twice for
20 min each. To ensure an equal amount of bleaching
agent was applied on each sample treatment, an individual
polyacetate tray in which a 4x4x2 mm blocking out area
was placed on the buccal surface of the tooth. For
samples in Mix group, the bleaching agent comprised
of a mixture of the bleaching gel and the toothpaste in a 1:1
proportion by weight” was applied. After each bleaching
cycle completion, all of the teeth were cleaned by
water-spray for 1 min then stored in artificial saliva 37°C

in the dark for 24 hr before further evaluation.

Statistical analysis

The statistical analysis was performed using
Statistical Package for the Social Sciences (SPSS Inc,
Version 16.0, Chicago, ILL) at 0.05 significant level. Normal
distribution of the data and homogeneity of variances
were confirmed by Shapiro-wilk test. A one-way ANOVA
and a repeated measures ANOVA were used to compare
the mean of luminosity (L values), followed by Bonferroni/
Games-Howell post hoc analysis for pairwise comparisons.
A non-parametric Kruskal-Wallis H test and a pair-t-test

were used to compare the mean of surface roughness (Ra).

Luminosity analysis

Table 1. shows the mean and standard deviation
(£SD) values for luminosity (L) of treatments at five
different time points and the data are also plotted in
Figure 2. After surface treatment and bleaching, L values

in all groups increased significantly compared to the
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baseline and Mix group which showed significantly the
lowest values. Following 7-days of staining, L values in
all groups decreased although only the Control and
Bio Bleach groups showed significant differences
compared to the after bleached values. After 14 days
of staining, all treatment groups except for the Mix group
significantly demonstrated lower L values relatively to
the values at 7-day staining. In Mix group, the L values
did not show significant differences at either 7-day or
14-day staining periods.
Surface roughness

Table 2 shows the mean values and standard
deviation (£SD) of surface roughness (Ra). Despite the
fact that surface roughness in all groups increased after
completion of the bleaching process, significant differences
were found only in the Bio Bleach and Bleach Bio

groups compared to the baseline. Comparing groups at

either baseline or after bleaching, there was no significant
difference observed.
Changes in the surface microstructure
Representative SEM micrographs of enamel
morphology are shown in Figure 3. All the bleached
specimens demonstrated the noticeable loss of integrity
of the enamel surface with morphological alterations
characterized by depressions, porosities and superficial
irregularities in different degrees. The control group
treated with only 40 % HP gel showed surface damage
and noticeably eroded regions although some areas
remained as preserved normal enamel. Unlike the
control group, the treated enamel surfaces (Bio_bleach,
Mix, Bleach_bio) were covered by amorphous deposits
on the surface with disorderly packed of unidentified
particles at a variety of sizes and the most distinguished

and dispersed particles were found in the Mix group.

Table 1 Mean values and standard deviation (+SD) of Luminosity
TIME

TREATMENT baseline After bleach Stain 7D Stain 14D P-value
CONTROL 83.81 (+2.77)° 89.14 (+1.77)™ 84.28 (+0.74)° 82.06 (+1.55)" <0.001
BIO_BLEACH 83.69 (+2.80)" 88.73 (+2.30)™ 86.04 (+2.94)" 83.68 (+3.66)" <0.001
MIX 80.38 (+3.23)" 85.15 (+3.44)™ 84.38 (+4.01)" 82.99 (+3.95)"° <0.001
BLEACH BIO 82.88 (+2.69)" 87.02 (£2.17)"¢ 85.59 (+2.94)° 82.17 (+1.88)" <0.001
P-VALUE 0.79 0.018 0.245 0.607

Means followed by different letters (UPPERCASE letters in the lines and lowercase letters in the columns) indicate statistical differences (p < 0.05).

a,b The same letters were not significant by one-way ANOVA and Bonferroni multiple comparison of p-value >0.05. ABCD Same letters were not

sienificant by repeated-measures ANOVA and Pairwise comparisons of p-value >0.05.
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Table 2 Mean values (+SD) of surface roughness (Ra)

ROUGHNESS (RA)

TREATMENT
baseline After bleach P-value
CONTROL 510.8 (+144.1) 590.7 (+204.4) 0.258
BIO_BLEACH 474.0 (£230.1) 672.3 (+178.8) 0.021
MIX 536.7 (£178.6) 545.3 (£315.6) 0.980
BLEACH BIO 466.1(+190.8) 560.7 (+214.4) 0.021

A non-parametric Kruskal-Wallis H test was used to compare the mean of Ra among groups. The mean surface roughness (Ra) and Sa at baseline

and after bleaching in each group was compared using a pair-t-test at a significant level <0.05.

Figure 3 The SEM images of x5000 and x10000 magnifications of enamel surfaces according to different treatments
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Discussion

The results in the present study showed that
all bleaching procedures in the test and control groups
were efficient and that the enamel lightness improved
relatively to the baseline values. Among all groups, the Mix
group significantly demonstrated the lowest improvement.
This may be due to the concentrations of HP were diluted
by the toothpaste. A previous study, evaluated the effect
of synthetic 4555 bioactive glasses and demonstrated
that the combination of pure bioactive glasses and HP
gel did not alter the whitening efficacy and using bioactive
glasses alone could not whiten the enamel.”’ In addition,
another study" presented that addition of desensitizing
toothpaste containing bioactive glasses (NovaMin®) with
15 % carbamide peroxide (CP) in a 1:1 proportion during
home-bleaching procedure could occlude the dentinal
tubules and it did not affect the bleaching outcome.
However, the bleaching outcome of that study was
assessed by visual shade-guide analysis.

After 7-day staining, the lightness (L values) in all
groups of the present study decreased. Only the Control
and Bio_Bleach groups showed significant differences
whereas the values in Mix and Bleach_Bio groups were
fairly similar to that of the after bleaching group.
Interestingly, this effect continued in the Mix group
until the 14-day immersion. It may be speculated that
the addition of the toothpaste during (Mix group) and after
(Bleach Bio group) bleaching procedures may influence
staining susceptibility of the bleached enamel. Indeed,
as found in the results of the Mix group, red-wine staining
could be prevented up to 14 days. Red-wine', which is
an acidic, colored and alcoholic beverage, is more potent/
efficacious staining for teeth bleached with highly
concentrated 35 % HP gel than the other beverages.””
The acidity of red wine is one of the factors possibly
influencing the surface roughness and the staining outcome
after bleaching and thus monitoring the pH of the staining
solution during the testing procedure is noteworthy for

further studies. The actual mechanisms of dietary pigments

affecting the discoloration of bleached teeth remain
unclear. The color-producing stains within tooth structures
are often organic compounds that contain conjugated
double bonds.” In addition, anionic polyphenols found
in highly pigmented foods/beverages such as red wine
and black tea, react with cationic salivary pellicles,
forming thickened layers of stained material that adheres
to the tooth surface.*

The present study utilized toothpaste containing
5 % bioactive glasses (Novamin or calcium sodium
phosphosilicate), which is an inorganic compound that
reacts in aqueous environments to release calcium,
sodium, and phosphate ions over time. It was suggested
that bioactive glasses as alkaline salts, might buffer the
acidity of HP and reduce the demineralization of enamel
surface after being mixed with HP gel.” The alkalinity and
accelerated ionic releasing of bioactive glasses in HP
make bioactive glasses a promising biomimetic adjunct
for bleaching therapy to ensure the lifelong integrity of
a tooth.” In principle, it was suggested that bioactive
glasses may form a protective layer on the enamel surface
to inhibit demineralization when used before HP gel
bleaching, or enhance remineralization when used after
peroxide bleaching.® However, it is arbitrary not to
mention that not only the bioactive glass but also
other components in the toothpaste could also influence
the staining outcome of the present study. Therefore,
the effects of an individual component in the toothpaste
on the prevention of staining post-bleaching are subjected
to be further evaluated.

Although some studies indicated that peroxide

2% there are as

has no effect on surface topography
many studies in which significant changes in surface
roughness have been documented.””"* Our study
showed that post-bleaching surface roughness of the
enamel in all groups increased although only the
Bio Bleach and Bleach Bio groups were found significant

differences. There are no significant differences observed
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in Control and Mix groups which may possibly be due
to limited numbers of samples and a wide range of
standard deviations of the data, suggesting an increase
of the sample size in further studies. Indeed, the present
study revealed that the enamel treated with a mixture of
the bleaching gel and the toothpaste did not significantly
increase surface roughness post-bleaching. Another
study also found that combination of 7.5 % bioactive
glass (Bioglass 4555/ NovaBone®) with 38 % HP bleaching
gel during the bleaching process restored enamel fracture
toughness and surface micro-hardness.” Bioactive glasses
were found to be the most effective in decreasing enamel
surface roughness® and increasing micro-hardness™
subsequent to in-office bleaching technique with 40 %
HP gel, compared with casein phosphopeptide amorphous
calcium phosphate (CPP-ACP) and nano-hydroxyapatite.
When used immediately after bleaching, bioactive
glasses can reduce the demineralization effect of bleaching
products and prevent the exposure of dentin tubules.”
Other studies have stated that the application of dentifrices
containing bioactive glasses (NovaMin®) after bleaching
with 16 % CP also caused increases in the calcium and
phosphate content of the enamel layer, returning it to
that of pristine enamel."” Compared to pre/post-bleaching
use of the toothpaste, the application of toothpaste mixed
with bleaching gel (Mix) in the present study seems to
be the optimal way to reduce the surface roughness of
enamel and retaining the enamel surface integrity.
Many research studies in teeth bleaching have
stated that morphological changes, such as erosion,

102528305235 \vere observed in the

craters and porosity
enamel surface. Our SEM evaluation of the enamel
surfaces treated with only 40 % HP gel bleaching suggested
slightly irregular and eroded surfaces. These changes
indicate the loss of enamel integrity which is consistent
with findings from the above studies. Although the
bleached enamel treated with the toothpaste revealed
a partly similar enamel pattern as the Control group,

there are some isolated and aggregated deposits of

angular components of supposedly bioactive glass
fragments on the enamel surface. The presence of a
precipitated layer of bioactive glass is seen distinctively
in Mix group. This phenomenon has also been observed in
a previous study of tooth bleaching with remineralization.

Overall, the present study demonstrated that
tooth bleaching with 40 % hydrogen peroxide damage
the enamel surface integrities; however, using the
bleaching gel incorporated with the toothpaste containing
bioactive glasses potentially diminished its adverse
effects. Therefore, the tested null hypothesis that
enamel staining susceptibility post in-office bleaching
to red wine is not influenced by surface treatment
procedures regardless of different time periods used
was rejected. On the other hand, the results of surface
characteristics were inconsistent with its staining behavior
implying that surface roughness may not solely influence
enamel surface-staining post-bleaching. It was, however,
speculated that staining susceptibility of the bleached
enamel may be lessened by the application of the
mixture of toothpaste with bleaching gel or immediately
after bleaching. Due to limitations of the present in
vitro study, further clinical trials of remineralizing agents
including biocactive glasses for prevention of post-bleaching

staining are yet to be conducted.

Conclusions

In-office tooth bleaching procedures can potentially
damage the enamel surface integrities. Staining behavior
post-bleaching could possibly be prevented by applying
a mixture of the toothpaste containing bioactive glasses
with the bleaching gel or immediately after bleaching.
Roughness of enamel surface may not solely influence

post-bleaching surface staining.
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Abstract

The objectives of this study were to explore the caries prevalence of 8-, 12- and 15-year-old children and
the effect of school-based oral health program, knowledge, attitude and oral behaviors on caries increment of
children from 8 to 12 and from 12 to 15 years. A longitudinal study was conducted in 704 children aged 8, 12 and

15 years old in Thepha district, Songkhla province. Children were oral examined, follow up changes in oral health
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status and oral health behaviors. Data were analyzed and presented in percentage and mean. Logistic regression
was used to identify risk factors of caries increment. The results show that caries prevalence was 72.4 % in 8 years
old and increased to 92.5 % and 97.1 % in 12 and 15 years old children given the DMFT-8 year, DMFT-12 year and
DMFT-15 year of 1.7+1.5, 5.0+3.5 and 8.4+4.5, respectively. Caries increment was 7.2+6.5 surfaces/person in the
period from 8 to 12 years and increased to 8.6+6.4 surfaces/person in the period from 12 to 15 years. More than
60 % of the children had sealant, Brushing system at school—brushing together after lunch, opening the music
while brushing, teacher or student leader-supervised brushing and checking oral cleanliness after brushing—was
seldom. Logistic regression analysis showed a statistically significant association between the caries increment_
with none sealant (ORadj = 1.517, 95%Cl = 1.052-2.187). The caries increment  associated with poor oral cleanliness
(ORadj = 2.002, 95%C| = 1.296-3.093) and none sealant (ORadj = 1.888, 95%C| = 1.217-2.930). In conclusion, children in
Thepha district had high level and increased by age of caries prevalence, caries severity and caries increment. Promoting

in oral cleanliness and sealant led to reduction of caries increment in children.

Keyword : Caries increment, School-based oral health program, Oral health behaviors
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Table 1 Distribution of children by examination ages

Examination age (years) n % Data analysis

8 12 15 386 54.8 Prevalence and incidence of dental caries, caries incrementw, caries incrementu15
8 12 156 22.2 Prevalence and incidence of dental caries, caries increment&12
8 15 30 4.3 Prevalence and incidence of dental caries

12 15 38 5.4 Prevalence and incidence of dental caries, caries incrementm15
8 36 5.1 Prevalence of dental caries

12 31 4.4 Prevalence of dental caries

15 27 3.8 Prevalence of dental caries
Total 704 100

Aggregate totals for 8, 12 and 15 years = 608, 611 and 481, respectively.

9190971 2 anmglspituuazaIareImTuYeUsn

Table 2 Dental caries status and oral cleanliness of children

Dental caries status Oral cleanliness
Age n No. of caries- DMFT DMFS Caries Increment OHI-S
(years) (persons) affected cases meanSD mean+SD (number of surfaces) mean+SD
(%) (range) (range) mean=SD (range) (range)
8 608 440 (72.4) 1.7+£1.5 (0-8) 2.5+2.7 (0-15) - 1.9+0.6 (0-3.0)
12 611 565 (92.5) 5.0+3.5 (0-18) 8.7+7.2 (0-39) 7.2+6.5 (0-38) 1.5+0.6 (0.2-3.0)
15 481 467 (97.1) 8.4+4.5 (0-22) 14.7£9.9 (0-52) 8.6+6.4 (0-32) 0.9+0.4 (0-2.3)

M151971 3 Pedeiiaunusiunniuiuvesitugdowinery 8-12 U munsinsizvinisonaesladadin (nqudiees 542 Au)

Table 3 Factors associated with caries increment of children from 8 to 12 years according to logistic regression (n = 542)

Caries Increment&12

Crude OR (95%Cl) p-value Adjusted OR (95%CI) p-value

Low High

General characteristics

Gender of children
Male 182 98 1 -
Female 158 104 1.222 (0.863-1.732) 0.259

Education of parents
Beyond primary school 117 59 1 -
Primary school 124 67 1.071 (0.695-1.650) 0.754

Environments

Sealant (at 8 years)
Yes 234 120 1 1
No 106 82 1.508 (1.050-2.168) 0.026* 1.517 (1.052-2.187) 0.026*
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Caries Increment8 "

Crude OR (95%CI)  p-value  Adjusted OR (95%CI)  p-value
Low High
Brushing system at school
(at 8 years)
Yes 43 31 1 -
No 245 142 0.804 (0.485-1.333) 0.398
Toothbrush condition
(at 8 and 12 years)
Good 26 14 1 -
Worn/partially worn 206 112 1.010 (0.507-2.012) 0.978
Behaviors
Brushing frequency at school
(at 8 and 12 years)
3-5 days/week 123 64 1 -
<3 days/week 195 126 1.242 (0.853-1.809) 0.259
Brushing frequency at home
(at 12 years)
>2 times/day 211 124 1 -
<2 times/day 129 78 1.029 (0.719-1.472) 0.876
Oral cleanliness
(at 8 and 12 years) 43
Good 297 15 1 1
Poor 187 1.805 (0.976-3.344) 0.047* 1.803 (0.969-3.355) 0.063
Sugary food intake (at 12 years)
No 63 27 1 1
Yes 277 175 1.474 (0.904-2.404) 0.120 1.458 (0.889-2.390) 0.135
Dental floss use (at 12 years)
Yes 24 16 1 -
No 316 186 0.883 (0.457-1.705) 0.711
Knowledge
Knowledge (at 12 years)
Good 234 134 1 -
Poor 106 68 1.120 (0.773-1.624) 0.549
Attitude
Attitude (at 12 years)
Good 72 30 1 1
Poor 268 172 1.540 (0.966-2.457) 0.070 1.519 (0.948-2.435) 0.082

* statistical significance p-value < 0.05
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Table 4  Factors associated with caries increment of children from 12 to 15 years according to logistic regression (n = 424)

Caries Increment
12-15

Crude OR (95%Cl) p-value Adjusted OR (95%Cl) p-value
Low High

General characteristics
Gender of children

Male 107 89 1 -

Female 134 94 0.843 (0.574-1.240) 0.386
Education of parents

Beyond primary school 118 7 1 1

Primary school 109 96 1.349 (0.907-2.008) 0.138 1.192 (0.781-1.817) 0.416
Occupation of parents

Farmer/Fisherman/ 208 147 1 1
Self-employed/ Employee

Laborer 33 36 1.544 (0.920-2.590) 0.099 1.324 (0.765-2.293) 0.316
Education status of children
(at 15 years)

Study 217 160 1 -

No study 24 23 1.300 (0.708-2.386) 0.397
Environments
Sealant (at 8 years)

Yes 173 105 1 1

No 68 78 1.890 (1.260-2.835) 0.002* 1.888 (1.217-2.930) 0.005*
Toothbrush condition
(at 12 years)

Good 109 91 1 -

Worn/partially worn 129 90 0.836 (0.568-1.232) 0.363
Behaviors
Brushing frequency at school
(at 12 years)

3-5 days/week 143 94 1 1

<3 days/week 98 89 1.382 (0.938-2.037) 0.102 1.122(0.728-1.731) 0.601
Brushing frequency at home
(at 12 and 15 years)

>2 times/day 141 82 1 1

<2 times/day 100 101 1.737 (1.178-2.560) 0.005* 1.394 (0.890-2.184) 0.147
Oral cleanliness
(at 12 and 15 years)

Good 120 61 1 1

Poor 121 122 1.983 (1.333-2.950) 0.001* 2.002 (1.296-3.093) 0.002*
Sugary food intake
(at 12 and 15 years)

No 128 92 1 -

Yes 113 91 1.120 (0.763-1.645) 0.562
Dental floss use
(at 12 and 15 years)

Yes 11 5 1 -

No 230 178 1.703 (0.581-4.989) 0.332
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Caries Increment
12-15

Crude OR (95%(Cl) p-value Adjusted OR (95%Cl)  p-value
Low High

Knowledge
Knowledge (at 12 and 15 years)

Good 104 61 1

Poor 137 122 1.518 (1.018-2.263) 0.040* 1.249 (0.797-1.957) 0.332
Attitude
Attitude (at 12 and 15 years)

Good 14 5 1

Poor 227 178 2.196 (0.776-6.211) 0.138 1.978 (0.668-5.861) 0.218

* statistical significance p-value < 0.05
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Abstract

The aim of this study was to evaluate the effect of storage temperature on the shear bond strengths of
three resin cements to dentin. Ninety extracted human permanent molars were cut to flat expose dentin surface.
The specimens were randomly divided into three groups (n=30) based on the storage temperature of the selected
resin cement (4, 25, and 40 °C). Each group was then subdivided into three subgroups based on the type of resin
cement used (Variolink N, Panavia F 2.0 and RelyX U200). Resin composite blocks were bonded onto each specimen
using the specified cement from its group. Subsequently, all samples were immersed in 37°C distilled water for 24
hours. Shear bond strength testing was performed using a universal testing machine at a cross head speed of 0.5
mm/minute. Data was statistically analyzed by Two-way ANOVA and Turkey’s multiple comparison tests at a 95 %
confidence level. Furthermore, the modes of failure were examined under a stereomicroscope at 40x magnification.
Results showed that there were no statistically significant differences in shear bond strength between Variolink N
and Panavia F 2.0 stored at 4 or 25 °C. The shear bond strengths of these groups were significantly higher than
other experimental groups. Resin cements stored at 40°C produced significantly lower shear bond strengths than
those stored at 4 and 25 °C (p>0.05). RelyX U200 stored at 40°C demonstrated the lowest shear bond strength,
with values significantly lower than all other groups. All Variolink N and Panavia F 2.0 specimens exhibited mixed
failures, whereas all RelyX U200 specimens demonstrated adhesive failure. In conclusion, storing resin cement at
40°C for three months may significantly lower shear bond strength when bonded to the dentin compared to those

that were stored at the temperature of 4 and 25 °C.

Keyword: Degradation, Resin cement, Shear bond strength, Storage temperature
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Table 2 shows the means of shear bond strength (standard deviation) and the mode of failure.

Shear bond strength

Resin cements Storage temperature

Mode of failure (%)

in MPa (SD) Adhesive Cohesive Mixed
Variolink® N 4°C 12.84 (1.43) - - 100
25 °C 12.50 (2.05) * - - 100
40 °C 8.50 (0.76) ° - - 100
Panavia™F2.0 4°C 11.99 (1.79) " - - 100
25 °C 11.75 (1.70) * - - 100
40 °C 7.95(0.88) ° - - 100
RelyX™ U200 4°C 5.45(1.13) © 100 - -
25 °C 5.36 (0.62) © 100 - -
40 °C 3.26 (1.27)° 100 - -

The same superscript letter means not significantly different (p>0.05).
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Fracture Resistance of Occlusal Ceramic and Composite Molar Onlay Comparing
to Lithium Disilicate Molar Crown

Jatuporn Luekiatpaisarn’, Chalermpol Leevailoj'

'Esthetic Restorative and Implant Dentistry, Faculty of Dentistry, Chulalongkorn University, Bangkok

Abstract

This in vitro study aimed to evaluate fracture strength and failure modes of thin occlusal onlays fabricated
from direct resin composite, CAD/CAM polymer-infiltrated ceramic-network/hybrid ceramic, and CAD/CAM lithium-
disilicate glass ceramic under compressive loading. Forty extracted maxillary molars were prepared, including occlusal
enamel and dentin removal, leaving two dentin slopes with peripheral enamel. Thirty teeth were restored with
0.6-mm-thick occlusal onlays using direct resin composite (Premise), CAD/CAM polymer-infiltrated ceramic-network/
hybrid ceramic (Vita Enamic), and CAD/CAM lithium-disilicate glass ceramic (IPS e.max CAD). Others were restored
with IPS e.max CAD crowns (n=10). The milled restorations were luted with adhesive resin cement. All restored
teeth were loaded vertically by means of a universal testing machine. Fracture loading data were recorded in New-
tons (N) and statistically analyzed. The failure modes were classified, and correlations between fracture strength
and failure mode were analyzed. The fracture strengths (mean+SD) were ranging from 1,949.59 to 2,870.44 N. The
IPS e.max CAD onlays showed significantly higher fracture strength than the IPS e.max CAD crowns (p<0.05). There
was no correlation between fracture strength and failure modes found within each material. In conclusion, the
fracture strength of the Vita Enamic occlusal onlay was comparable with that of the Premise occlusal onlay and
the IPS e.max CAD onlay. The IPS e.max CAD onlay provided higher fracture resistance than the IPS e.max CAD
crown. However, all restorations demonstrated higher fracture resistance than that required for the average force

of mastication.
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Introduction

Noncarious tooth surface loss is a normal
physiological process occurring throughout life, but it usually
becomes a problem affecting function and esthetics or
causes sensitivity and pain."” It is the accumulation of a
small amount of structure loss each year over time due
to multifactorial etiology, including the aging process.””
However, the premature and accelerated loss of enamel
by gastroesophageal reflux disease (GERD) or erosion
caused by bulimia nervosa may occur in adolescence or
childhood."” The occlusal tooth structure loss in posterior
teeth affects mastication capacity, occlusal stability,
vertical dimension, and overall patient satisfaction with
esthetic, pain, and oral comfort.® Early diagnosis and
treatment are critical to the cessation of tooth structure
loss that leads to tooth sensitivity or pulp pathology.
In the past, treatment of advanced occlusal tooth structure
loss was by conventional full-coverage crowns, which
offer an acceptable esthetic outcome and improved
mechanical properties but require significant tooth reduction.
Currently, adhesive techniques combined with improved
restorative material properties allows for advanced occlusal
tooth surface loss to be restored with thin occlusal onlays,
not only following the strategy of minimal reduction
but also achieving acceptable esthetic, mechanical,
functional, and biological outcomes."!

Dental CAD/CAM (computer-aided design/
computer-aided manufacturing) technology was first
developed in 1971 and has been developed over time
with many advantages, including speed, ease of use,
and quality control.”"* The first chairside CAD/CAM
system, CEREC (Sirona Dental Systems GmbH, Bensheim,
Germany), was introduced in 1987. It allows dentists to
provide indirect restorations fabricated from commercial
blocks in a single visit."*"

Several materials can be fabricated with CAD/
CAM technology, including a lithium-disilicate glass
ceramic such as IPS e.max CAD (lvoclar Vivadent, Schaan,

Liechtenstein) and a polymer-infiltrated ceramic-network

such as Vita Enamic (Vita Zahnfabrik, Bad Sackingen,
Germany). Vita Enamic is comprised of a structure-sintered
ceramic matrix with space between ceramic substrates
filled with resin material to form a double-network
hybrid." It offers the combined benefits of ceramic and
composite. The inorganic portion (86 wt%) provides
stability, and the infiltrated organic copolymer portion
(14 wt%) provides elasticity.'*'** This material is claimed
to absorb masticatory forces and stop crack formation.”*
Moreover, it can be milled at relatively thin thicknesses
to achieve conservative tooth preparations.” Thus, Vita
Enamic is a potential candidate for thin occlusal onlays
utilized for reconstruction of lost occlusal surface.
The fracture strength of thin occlusal onlays
fabricated with a polymer-infiltrated ceramic network,
direct resin composite, and lithium disilicate ceramic
compared with that of a lithium disilicate crown has
not been clarified. This study aimed to evaluate the
fracture strengths and failure modes of thin occlusal
onlays fabricated from direct resin composite or CAD/
CAM hybrid ceramic blocks or CAD/CAM lithium disilicate
ceramic blocks compared with crowns under vertical
compressive loading. The null hypothesis was that there
would be no significant difference in the fracture
strengths between groups with various restorative and

material types.

Materials and Methods

The Ethical Committee, Faculty of Dentistry,
Chulalongkorn University, approved the research protocol
involving the collection of human teeth due to non-
occlusion (approval number: HREC-DCU 2017-014).

Criterias for tooth selection are shown in Tablel.

Tooth preparation
Forty extracted maxillary molars were inserted
into a polyvinyl chloride (PVC) mold filled with auto-

polymerizing acrylic resin (Palapress; Heraeus Kulzer
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GmbH, Hanau, Germany). Teeth were embedded up to
3 mm below the cemento-enamel junction (CEJ), controlled
by a surveyor.”®

All teeth were subjected to standardized
preparation by means of round-ended tapered diamond
burs (D8; Intensiv, Montagnol, Switzerland). The entire
coronal tooth structure was sectioned axially, leaving 5-mm
height of a flat area of exposed dentin and peripheral
enamel. Then, the central groove was deepened by 2 mm,
and two slopes from buccal and palatal margins were
created, smoothed, and ended at the central groove
(Fig. 1). After that, all prepared teeth were randomly
divided among four groups (n=10) according to the type
of restoration and material used (Table 2). Teeth in Cr-EMX
group were then additionally prepared for the all-ceramic
crowns. Dimensions of preparation were done according
to the manufacturer’s instructions as follows: 1.0-1.5 mm
buccal and lingual reduction and 0.8- to 1.0-mm-deep

chamfer margin with 0.5 mm above the CEJ.

+— PVC pipe fillec
with auto-

polymerizing

acrylic resin

Figure 1  Tooth preparation for occlusal onlay.

Restoration design and fabrication

Teeth in O-CF, O-ENM, and O-EMX and Cr-EMX
groups were scanned with an Omnicam scanner (Cerec
AC Omnicam; Sirona Dental Systems) and designed for
thin occlusal onlays and all-ceramic crowns with the
Cerecd CAD/CAM system (Sirona Dental Systems). Thickness
and design parameters for occlusal onlays and crowns

are shown in Table 3.

All restorations in O-CF, O-ENM, O-EMX, and
Cr-EMX groups were milled in Cerec MC XL (Sirona Dental
Systems) with Vita CAD Temp Block (Vita Zahnfabirik),
Vita Enamic block, and an IPS e.max CAD block for thin
occlusal onlays and IPS e.max CAD block for crowns. The
IPS e.max CAD restorations were crystallized in a ceramic
furnace (Programat P700; Ivoclar Vivadent) and polished
with an all-ceramic polisher (Jota set 1358; Jota, Switzerland),
while the O-ENM group were finished and polished with
the Vita Enamic polishing set (Vita Zahnfabrik).

In the O-CF group, each Vita CAD Temp onlay
was temporarily cemented (Temp Bond NE; Kerr) onto
its corresponding prepared tooth to stabilize itself while
a transparent shell was fabricated at the next step. After
that, the restored teeth were scanned and designed for a
1-mm¢-thick transparent shell. The margin of the transparent
shell was set at the height of the contour level. Subsequently,
the transparent shells were milled with clear PMMA
blocks (CEREC Guide Bloc; Dentsply Sirona). These
transparent shells, which replicated the occlusal anatomy
and dimensions of the thin occlusal onlay, were used
to standardize the direct composite-restoration procedure.
After removal of those Vita CAD Temp occlusal onlays,
and tooth-cleaning with pumice, the transparent shells
were tried-in on corresponding teeth. If the transparent
shells were perfectly seated, they were removed to begin
the direct composite-restoration procedure. Tooth
surfaces were prepared with three-step etch-and-rinse
dentin bonding system, following manufacturer’s instructions
(Gel Etchant, Optibond FL primer, Optibond FL adhesive;
Kerr). After the resin composite (Premise A2; Kerr) was
applied, the transparent shell was seated on top of the
occlusal surface, excess materials were removed, and light-
polymerized for 40 seconds (Demi Light Curing Unit; Kerr).
All direct composite restorations were finished and polished.
Cementation of indirect restorations

The inner surfaces of restorations in the O-EMX,
Cr-EMX, and O-ENM groups were prepared in accordance
with manufacturer’s instructions (Porcelain Etch; Ultradent,
UT, Silane Primer; Kerr, Optibond Solo adhesive; Kerr)

Concurrently, tooth surfaces were prepared with a two-step
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etch-and-rinse dentin bonding system, following the
manufacturer’s instructions (Gel Etchant, Optibond Solo
adhesive; Kerr). All indirect restorations were cemented
using dual-cured adhesive resin cement (NX3 Nexus
Third Generation; Kerr) and light-polymerized for 20
seconds for each surface.
Fracture resistance testing

All restored teeth were subjected to static
vertical loading at a crosshead speed of 0.5 mm/min in

a universal testing machine (Instron model 5566; Instron

Table 1 Tooth selection criterias.

Corp., Canton, MA), with a 3.5-mm-diameter steel tip. The
compressive fracture load was recorded in Newtons (N).
Failure mode evaluation

After fracturing, the specimens were examined
under a dental loupe at 2.5x magnification (Kerr). Modes
of failure were categorized in the following ways: Mode FrR,
fracture in the restoration only; Mode FrRE, fracture of the
restoration and enamel; Mode FrRED, fracture of the
restoration, enamel, and dentin; and Mode FrREDP, fracture

of the restoration, enamel, dentin, and exposed pulp.’

Inclusion Criteria

Exclusion Criteria

1. permanent human maxillary molars with similar shapes and

mesio-distal dimensions of 9 + 0.5 mm
2. no dental caries, previous root canal treatment, or cracks
3. minimal coronal height of 5 mm

4. no previous extractions in the preceding 3 months

1. irregularly shaped maxillary molars

2. maxillary molars with incomplete root formation

Table 2 Experimental group classified by type of restorations and restorative materials used.

Group # Group Name Type of Restorations Materials Shade
1 O-CF Thin occlusal onlay direct resin composite A2
(Premise, Kerr, Orange, CA)
2 O-ENM Thin occlusal onlay polymer-infiltrated ceramic network 2M2 HT
(Vita Enamic, Vita Zahnfabrik)
3 O-EMX Thin occlusal onlay lithium disilicate glass ceramic LT Al
(IPS e.max CAD, Ivoclar Vivadent)
4 Cr-EMX Full coverage crown lithium disilicate glass ceramic LT Al

(IPS e.max CAD, Ivoclar Vivadent)

Table 3 Design parameters for crowns and thin occlusal onlays.

Value (um)

Parameter
Crown

Occlusal onlay

ify thick f
Restoration thickness average unfrorm thickness o

minimum thickness of 0.6 mm at the central groove,

a maximum thickness of 1.3 mm at cusp tips,

1-1.5 mm.
1.0 mm at the internal cusp slope
Spacer 50 30
Marginal adhesive gap 0 0
Minimal thickness (occlusal) 1,500 600
Minimal thickness (radial) 1,000 -
Margin thickness 50 50
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Statistical analysis of data

Data on the fracture load and modes of failure
were collected and analyzed (IBM SPSS Statistics, v 20.0).
The data on the fracture load were heterogeneous and

normally distributed. One-way ANOVA and Games-Howell

The fracture strengths of all groups were analyzed
(Table 4, Figure 2). All restorations exhibited fracture at
average loads ranging from 1,949.59 N for Cr-EMX to
2,870.44 N for O-EMX. However, one-way ANOVA and
Games-Howell post hoc test showed statistically significant
differences between O-EMX and Cr-EMX groups
(p=0.001). No significant differences in the fracture load
were found among the O-CF, O-ENM, and O-EMX groups.

The analysis of failure modes was presented

in Table 4 and Figure 3. According to Hinkle’s criteria”, the

post hoc test were used to analyze the differences in
failure load among groups (A=0.05). The correlation
between the fracture load and mode of failure was

tested by Spearman’s rank-order correlation (0=0.05).

analysis of the correlation between fracture load and
mode of failure found that Spearman’s rank-order
correlation coefficient (rs) was categorized as “little if
any positive correlation” for O-CF and O-EMX groups,
“little if any negative correlation” for the Cr-EMX group,
and “low positive correlation” for the O-ENM group,
respectively.” However, there were no significant
differences in correlation between fracture load and

mode of failure (p>0.05) in all the groups presented.

Table 4  Average fracture strength (mean + standard deviation) and mode of failure.

Fracture strength

Mode of failure

Group Mean + SD (Newtons) FIR FrRE FrRED FrREDP r p
O-CF 2,438.66 + 678.25 *° 2 1 2 5 0254 0.497
O-ENM 2,358.86 + 396.17 *° 0 7 2 1 0315 0376
O-EMX 2,870.44 + 414.95 ° 1 4 2 3 0.108 0766
CrEMX 1,049.59 + 215.15 ° 8 0 0 2 0152 0675

Different letters indlicate significant differences in fracture strength between groups (Games-Howell post hoc test; p < 0.05).

rs = Spearman’s rank-order correlation p = p value

Fracture Strength (N)

O-ENM O-Bd X CrBx

4000

3000
2000
1000
0
O-CF

Figure 2 Average fracture strength (in Newtons) of each group.  Figure 3

Mode of Failure

= N
2
5 l 2
2
1
2

0 ||
O-CF Q-EMM O-BM X Cr-BM X
W mode FrR made FrRE mode FrRED |l mode FrREDP

Modes of failure of each group.
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Discussion

The thin occlusal onlay is a treatment option
with a minimally invasive strategy. It has been used to
restore occlusal tooth surface loss occurred for physical
and chemical reasons. Compared with crowns, use of
thin occlusal onlay decreases the amount of tooth
preparation. This study aimed to evaluate fracture
strengths and failure modes of thin occlusal onlays
fabricated from a direct resin composite or a polymer-
infiltrated ceramic-network block or a CAD/CAM lithium
disilicate ceramic block compared with conventional
crowns under compressive loading. It was found that
lithium disilicate ceramic onlays exhibited significantly
higher fracture strengths than lithium disilicate ceramic
crowns, indicating that a lithium disilicate ceramic onlay
could effectively withstand higher static loads. These
findings offer further support for the utilization of thin
occlusal onlays as functional and predictable means of
posterior tooth reconstruction.

The results of this study showed fracture
strengths in descending order: IPS e.max CAD onlay,
Premise onlay, Vita Enamic onlay, and IPS e.max CAD
crown. However, there were statistically significant
differences between IPS e.max CAD onlays and crowns.
Due to different means of tooth preparation, less tooth
reduction was achieved with thin occlusal onlay cemented
onto both the dentin and peripheral enamel, whereas
more tooth preparation was achieved with crowns
mostly cemented onto the dentin, resulting in increased
susceptibility to a static compressive load for crowns.
Thus the larger the degree of tooth preparation, the
weaker the remaining tooth structure. In contrast, Fennis
et al. (2004) demonstrated that fatigue resistance of
cuspal-coverage restorations was increased when the
reduced tooth structure was replaced with thicker
restorative material. However, in terms of failure mode, the
higher tooth-structure loss could cause more irreversible
failure.”” In a study by Wittneben et al. (2009), similar
5-year survival rates of crowns (92.3 %) and inlay/onlays
(92.9 %) were reported.”

Fractures that are limited to the restorative
material and do not involve the tooth structure improve
the longevity of a restored tooth because it can be easily
replaced by an identical milled restoration, without any
damage to the natural tooth structure. Fractures that
involve pulpal tissue are called “biological failure”, which
are also considered severe situations. Such biological failure
may force the patient to elect endodontic procedures or
extraction, leading to a further compromise of the patient’s
dental health. Our results showed that 50 % of O-CF
group exhibited fracture in FrREDP mode or biological
failure, whereas less biological failure occurred in other
groups. The reason was that the higher fracture resistance
of the composite onlay might cause less force distribution
along the tooth axis, resulting in a more severe fracture
due to residual stress. Ninety percent of onlays fractured
involving tooth structure (enamel, dentin, or pulp), and
only 10 % (3 of 30) fractured in restorative material. It
could be inferred that the majority of onlays required
more aggressive or complicated treatment when fractures
arose. Compared with crowns, most (80 %) fractured in
restorative material and only 20 % fractured in tooth
structure. Regarding failure mode, 50 % of the O-CF
group tended to fail in the FrREDP mode. This was in
agreement with the results of a previous study by Kois
et al. (2013), who found that 2-mm-thick ceramic occlusal
onlays tended to fracture in the restorative material
itself, but when composite occlusal onlays fractured,
they exposed tooth structure, with 74 % of the pulp
exposed.”

Several studies have determined the mechanical
properties and reported the superior mechanical
strength of IPS e.max CAD compared with Vita Enamic
and other CAD/CAM composite blocks.”***** It can be
hypothesized that IPS e.max CAD onlays would provide
higher fracture strength than Vita Enamic onlays. However,
the present study found no difference in fracture
strength among IPS e.max CAD, Vita Enamic, and Premise

thin occlusal onlays.
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Today’s CAD/CAM technologies are being
continuously improved. This technology allows for quality
control, for example, the thickness and anatomy of
restorations, as well as manufacturer-regulated mechanical
properties of the restorative materials. Standardization
of the internal fit of restorations has been achieved.”™
Many confounding operator factors can be avoided,
such as the skils of the dental laboratory technicians and
accuracy involved in the fabrication process. In addition,
labor and processing time can be reduced, and design
and processing data can be saved and reproduced.*"

There have been numerous studies regarding
the feasibility of fabricating CAD/CAM thin occlusal
onlays with thicknesses of 0.3-1 mm.*"! Similar to the
present study, thin occlusal onlays could be milled
successfully with all materials tested. In contrast, Tsitrou
et al. (2008) investigated the ability of CAD/CAM system
to produce minimal preparation designs: 0.6-mm occlusal
reduction and 0.4-mm chamfer margin, for crowns with
Paradigm MZ100, ProCAD and VITA Mark II. They found
that only the Paradigm MZ100 could fabricate acceptable
crowns without any marginal defects. The ceramic materials
required more aggressive preparation design to produce
clinically acceptable crowns,™ implying that their ability
to mill thin restorations may be influenced by the type
of preparation (crown vs occlusal onlay). Hopefully further
development of oral scanners, together with improved
CAD design software and CAM milling machines, as well
as the excellent mechanical properties of prefabricated
blocks, can enhance the fabrication of thinner restorations.

Due to time limitations, this study was designed
to determine only static strength testing. It was known that
static loading could not replicate either the long-term
effect of occlusal force on the restoration-tooth system,
or the forces generated by patients who exhibit occlusal
wear. Occlusal force generated by such patients is
multidirectional and non-tripodized. Nevertheless, the
tripodization of the contact used in this study is considered
the ‘gold standard’ in restoring patients with fixed

restorations,” and the static load value could be the

maximum strength for restorations. Environmental effects
and cyclic loading are likely to reduce this maximum
strength value over time. Therefore, many studies were
designed to determine dynamic strength testing instead,
and found higher fatigue resistance of the composite
compared with the ceramic onlays.”® Although the same
configuration of tooth preparation was performed, different
results of fracture strength were found in this study
compared with the studies mentioned above. Thus, to
eliminate this controversy, further studies regarding
dynamic strength testing should be undertaken.

The high fracture strengths of thin occlusal
onlays reported from this study may support various
useful clinical applications for patients with lost occlusal
tooth structure. With patients suffering from bruxism or
clenching, combined with loss of surrounding tooth
structure, crowns would provide a preferable manner
of fracture. However, all groups of restorations in the
present study exhibited fracture strengths exceeding
average human masticatory force, ranging between 433
and 906 N.*%

Conclusion

Within the limitations of this in vitro study, it
can be concluded that higher fracture strength was
shown in IPS e.max CAD occlusal onlays compared with
IPS e.max CAD crowns. Fracture strength of Vita Enamic
occlusal onlays was comparable with that of Premise
and IPS e.max CAD onlays. However, all restorations
demonstrated a higher fracture resistance than the
average force of mastication. In terms of failure modes,
the fracture of direct composite occlusal onlays tended

to fail due to biological failure rather than other groups.
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Comparison Video Based Learning Versus Live Demonstration of Dental Student
Knowledge and Skills for Working Length Determination Using Electronic Apex
Locator
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Abstract

The objectives of this study were to compare the effectiveness of video based learning (Video) versus a live
demonstration (Demo) on dental student knowledge and skills for working length determination with electronic apex
locator and to evaluate their improvement after self-directed video based learning. Sixty-three dental students were
randomly assigned to two teaching groups. In the classroom, the Demo group attended a live demonstration and the
Video group watched a video about working length determination with electronic apex locator. The knowledge and
skills were evaluated by using multiple choice questions and a practical test. After all the students had self-studied an
online video for 6 weeks, the second practical test was performed. Satisfaction questionnaires were completed after
each practical test. The Mann-Whitney U test and the Wilcoxon signed-ranks test were used to compare the scores
between groups and within group, respectively. There were no significant differences in knowledge or practical scores
between the Demo and Video groups. After self-directed learning, the Video group practical score significantly increased,
however, no differences were found in the Demo group. The Demo group was significantly more satisfied with their
learning method. In conclusion, video based learning enhanced the knowledge and skills of dental students for working
length determination with electronic apex locator as well as a live demonstration had done. Self-directed video based

learning subsequent to classroom video improved practical skills.
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Introduction

Preclinical training in dental education is
composed of basic sciences and laboratory practice.
Live demonstrations are often used to teach clinical
skills in laboratory classes because these provide better
opportunities for students to learn directly from instructors,
ask questions, and understand procedures compared
with students who do not receive the Demonstration.'
However the weakness of live demonstration is that it
can be difficult to see what is being done,” thus, it should
be performed using small groups. If teachers perform
live demonstration many times, they may teach the
content inaccurately and it is time consuming.' Dental
students have limited studying time; therefore they should
use more effective learning methods. It is imperative to
investigate which teaching and learning methods result
in more effective student learning.

Media technology has been introduced into
dental education. Electronic media such as audio, video
and web-based media are used to enhance traditional
teaching methods. Previous studies found that video
based learning (VBL) allowed students to see better,
offered more consistent teaching, and used less teaching
time compared with live demonstrations.” Due to a
high quality internet network and electronic devices,
students can study their lessons anytime, anywhere and as
often as they want. Although VBL has many advantages,
the outcome efficiencies of VBL from previous studies
such as attitudes, knowledge, or practical skills varied.
Some studies reported that VBL outcomes were better
compared with traditional methods, " however, other studies
found the VBL outcome was not different”*” or worse.”

Canal preparation length and obturation are
critical factors a in root canal treatment outcome,’ thus,
working length determination is an important step in
endodontic treatment. Currently, the electric apex locator
(EAL), an electronic instrument used to determine the

root canal length, is a commonly used instrument for

measuring working length because of its high accuracy.”
Therefore, dental students should have knowledge and
skills about length determination with EAL.

Although there are many studies about the
effectiveness of video teaching compared with traditional

15781 there has

teaching methods in dental education,
been no reports evaluating their use in teaching how
to determine the working length. The purposes of this
study were to compare the effectiveness of video based
learning versus live demonstration on dental student
knowledge and skills for working length determination
using an EAL and to assess the skill improvement of

these students after self-directed video based learning.

Materials and Methods

This study protocol was approved by the Human
Ethics Committee of the Faculty of Dentistry Chulalongkom
University, Thailand (HREC-DCU 2017-050). The sixty-four
fourth-year Chulalongkorn University dental students
who attended the endodontic laboratory course provided
informed consent. The students were randomly divided
into two groups (n=32) according to grade point average
(GPAX) and sex. One group was assigned to learn by live
demonstration (Demo group) and the other group was
assigned to learn using video (Video group). The study
design is shown in Figure. 1.

The lesson in video consisted of 11 parts: 1)
Working length determination methods, 2) EAL principles,
3) EAL components and assembly, 4) Tooth model
components, 5) Armamentarium for working length
determination, 6) Working length determination using EAL,
7) Causes of inaccurate EAL measurements, 8) EAL display
interpretation, and 9) Clinical use of the EAL to determine
the working length. The video content was revised and
approved by experienced endodontic instructors before

it was presented to students.
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—' 4th year dental students (64) }_
Exclude 1 student -

A\ 4 A4

Demo (n=31) Video (n=32)
! !
Live demonstration Video-based learning
! '
‘ Written Test ‘ ‘ Written Test ‘
{ {
Practice using EAL 20 min Practice using EAL 20 min

_’( 1t Practical examination %7

‘ Questionnaire Part | ‘

|

Self-directed video based learning for 6 weeks

|

‘ 2" Practical examination ‘

|

‘ Questionnaire Part Il ‘

*One student was excluded because he could not attend the class.

Figure 1 Study design and sample size.

In the classroom, the Demo group students were After the assigned teaching session, the students’
divided into subgroups (n=8). Each subgroup was taught knowledge was immediately evaluated using a written
using a live demonstration by the same experienced test consisting of 15 multiple choice questions. The
instructor for 20 minutes. The lesson content was similar students then practiced working length determination
to that in the video. The students in the video group using EALs in upper molar models for 20 min. Due to
watched the video in the lecture room. Students were not the limited number of EALs and time, 4 students from
allowed to ask any questions during their learning session. the same group practiced together.
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The practical skill was evaluated by observation of
each student performance of working length determination
using EALs in mesiobuccal root canal of upper molar
models. A skill performance checklist (score 1 point/step)
was used to assess each student’s skills (as shown in
supplementary). Two examiners, endodontic postgraduate
students, were blinded to the student’s group and were
trained to correctly use the checklist. Inter-rater reliability
and intra-rater reliability calculated by Cohen’s Kappa
coefficient showed almost-perfect reliability (K values
= 0.948 for Inter-rater reliability and 0.843 and 0.843 for
intra-rater reliability). The students were randomly assigned
to an examiner who evaluated each student’s skill
performance (1st practical test).

The first questionnaire (Questionnaire 1) was
administered to the students immediately after the first
practical test. The questionnaire consisted of closed-ended
questions scored on a 5-point Likert scale from very
much (5) to very little (1) concerning their opinion and
satisfaction with their assigned teaching method and
open-ended questions for teaching suggestions.

After the first practical test, the students were
assigned to self-study the video lesson via Facebook
for six weeks. Then, the students’ skill performance was
re-evaluated (second practical test) and they completed
a second questionnaire (Questionnaire II). The second
questionnaire collected leaming satisfaction data, comments
about the video quality, and self-directed learning data
such as electronic devices, number of video views, and
learning accessibility.

The data were not normally distributed when
they were analyzed by Kolmogorov-Smirnov test. The

Wilcoxon Matched Pairs Signed-Ranks test was used to

compare the first and second practical test scores within
group. The Mann-Whitney U test was used to analyze
the test scores and the questionnaire results between

groups. The level of significance was 0.05.

Sixty-three dental students participated in this
study. No significant differences of sex or GPAX were
found between the groups (Table 1). The Demo group
written test scores ranged from 9-14 and the mean
score was 11.97+1.19. The Video group written test
scores ranged from 8-14 and the mean score was
11.69+1.83. No significant difference was found between
the groups (P=0.482).

The practical test scores of the two groups were
similar on the first and second test (Table 2). However,
in the Video group, the second practical score was
significantly higher compared with the first practical
score, while those of the Demo group were not different.

All students completely answered the
questionnaires after both practical tests. The results
from Questionnaire | (Table 3) showed the Demo group
reported significantly higher satisfaction compared with
the Video group. Moreover, The Demo group felt that
they had received more knowledge and that the amount
of information was adequate for performing working
length determination using an EAL. The Questionnaire
Il results (Table 4) showed that there were no significant
differences between teaching method groups in any
aspect evaluated. Before the second practical test, most
students watched the video one time (47.6 %) and two
times (39.7 %) and 61.9 % of the students viewed it on
the day of the test.
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Table 1  Student sex and GPAX distribution

Group
P - value
Demo (n = 31) Video (n = 32)
Number of students
Male 9 10 1.000
Female 22 22
GPAX (mean+SD) 3.45+0.22 3.43+0.25 0.696
Table 2 The comparison of practical scores between groups and within each group
Group
P-value
Practical test Demo (n=31) Video (n=32) (Between group)
Pass Mean score Pass Mean score
First 19 11.48+0.72 16 11.38+0.79 0.481
Second 20 11.58+0.62 25 11.72+0.52 0.35
P- value (within group) 0.439 0.029*
*Indicates a significant difference (P<0.05). Pass is the number of students that correctly performed all steps.
Table 3 Percentage of questionnaire answers after the first practical test
Percentage of answers (%)
Question Group P-value
5 4 3 2 1
How much knowledge did you get from the assigned Demo 25.8 67.7 6.5 - - 0.029*
teaching method? Video 156 531 313 B B
Was the knowledge adequate for working length Demo 12.9 74.2 12.9 - - 0.005*
determination using the Root ZX? Video 6.3 46.9 406 6.3 B
How confident were you to perform the practical test Demo 12.9 61.3 19.4 6.5 - 0.426
correctly? Video 156 438 313 94 -
Did Practicing with the Root ZX before test help you Demo 38.7 51.6 9.7 - 0.870
understanding its use Video 34.4 594 31 3.1 B
How much were you satisfied with the assigned teaching Demo 22.6 64.5 12.9 - - 0.001*
method? Video 9.4 304 531 31 -
*indicates a significant difference between groups (P<0.05).
Table 4 Percentage of questionnaire answers after the second practical test.
Percentage of answers (%)
Question about self-directed VDO based learning Group P-value
5 4 3 2 1
How much knowledge did you get from this Demo 12.9 71.0 16.1 - - 1.000
earning? Video 156 656 188 - -
How much did this learning improve your skills? Demo 6.5 51.6 38.7 32 - 0.284
Video 6.3 65.6 28.1 - -
How satisfied were you with this learning? Demo 9.7 48.4 38.7 3.2 - 0.842
Video 3.1 56.3 37.5 3.1 -
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Discussion

This study was conducted to assess video based
learning compared with live demonstration and to
evaluate the improvement after self-directed video
based learning via online electronic devices. The students
in both groups had similar characteristics regarding sex and
GPAX and had not used EALs prior to this study. In the
present study, learning outcomes were measured in terms
of knowledge and skills in working length determination
using an EAL. A written test and practical tests were
used to evaluate knowledge and skills, respectively.
The written test questions were designed to be consistent
with the laboratory working length determination lesson.
To prevent “test leakage”, the students of each group
were taught in separate rooms and the written test was
taken immediately after assigned learning. The practical tests
assessed student’s skills based on 12-item skill performance
checklist for accurate determination. Beforehand, the
written test and performance checklist were evaluated and
adjusted by endodontic instructors. The questionnaires
were presented to instructors and students who did not
participate in this study to check question understanding
and adjusted before they were used.

The written test results of the Demo and Video
groups were not significantly different. This finding was
similar to that of Fayaz et al."', who found no significant
written score difference between videotape learning
and live demonstration for teaching complete denture
fabrication. In contrast, Ramlogan et al.® found that
students in the live lecture group performed better on
a clinical periodontology written test compared with
those in the video lecture group. The lesson difficulty
might have influenced the results of the studies. In the
clinical class, the students might benefit more from live
teaching, because they would have an opportunity have
a discussion with a teacher while in length determination
lesson which was an easy lesson it might not be necessary
to ask questions during the lesson. However, because
the amount of time spent teaching both groups in our

study was specified, the students were not allowed to

ask any questions. This aspect might have decreased the
effectiveness of the live demonstration in the present study.

There was no significant skill difference between
the Demo group and the Video group for working length
determination using EALs. These findings are similar to
those of Algahtani et al.?, which a procedural video was
as effective as a live demonstration for teaching how
to fabricate an orthodontic Adam’s Clasp. Although
Fayaz et al.'' found that videotapes were more efficient
compared with a live demonstration in some easy steps of
complete denture fabrication, however difficult steps require
high precision. So, students in the live demonstration
group performed significantly better compared with
those in the videotape group. From the first practical
test, Demo group incorrectly did step “inserting the file
into the root canal” more than the Video group. Demo
students might not see the action of file movement
because this step was not clearly seen when the teacher
taught. However, there was a close-up view in the video,
so students could see the action of the file more clearly.
The step that the Video group did worse than the Demon
group was “Move the file forward until the meter read
APEX”. The video students might not clearly understand
why the file must be moved until APEX. Therefore, the
difficulty of the lesson content may affect the learning
outcomes However, the number of students that did
something wrong from both groups were not different
in the second practical test.

Although the differences in written and practical
scores between the Demo and Video groups were not
significant, the Demo group had higher mean scores on
both tests compared with the Video group. These results
conformed to the results from Questionnaire I. The
comments of the Video group indicated that they found
that the video was not interesting, moved through the
information too rapidly, and omitted small details. In
addition, the students watched the video on a projector
screen unsupervised, thus, some students might not

have continuously concentrated on the video. In contrast
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the live demonstration, small group learning, likely caused
the students to pay more attention and concentrate.
Our study results were consistent with previous studies
which found that students prefer live lectures rather than
video lectures because students lacked the motivation to
watch the video when there was no direct supervision.'*"

Interestingly, although the students in the video
group were less satisfied that they received adequate
knowledge for doing the practice test than those in the
Demo group, the feelings about correctly performing
the practice test in both groups were not different. In
addition, most students (approximately 90 %) felt that
practicing with an EAL before the test helped them have
a better understand of its use. This result suggested that
although video learning did not provide enough knowledge,
self-practice with a model and EALs before the test
increased the knowledge and skills of the student.
Moreover, because of the limited number of EALs and
time, four students had to practice using an EAL together,
thus cooperative learning occurred. Cooperative learning
has some advantages over individual learning, such as a
stress-free learning environment, increased lesson interest,
and increased student understanding.'“" Therefore, in
the present study, cooperative learning might have
improved student’s knowledge before the test.

After self-directed video based learning, there
was no significant difference between the Demo group
and Video group practical test results. However, the
number of students passing the second practical test
increased by 9 students in the Video group, while the
Demo group number increased by one student. These
results indicated that self-directed video based learning
improved student skills in the Video group but had
little effect on the Demo group students. It might be
that the students in the Video group felt that they did
not perform well on the first test, thus, they might have
concentrated more when self-studying video before the
second practical test, resulting in a significant improvement
of the practical score. Conversely, most students in the

Demo group felt that a live demonstration provided

adequate knowledge for the practical test (shown in
Table 3). All students did not know the first test results.
It was possible that they were confident that they did
the first practical test correctly (shown in Table 3) so
they might not have paid attention to the study video
before the second test. In addition, the questionnaire
results indicated that the Video group had more students
who felt that the self-learning video helped them improve
their skills compared with the Demo group. It might mean
that video learning would be highly effective if the
students had enough time to study and could view the
video as often as they wanted. Self-directed video based
learning helped students to review the whole lesson in
which some parts might not be easy to understand by only
watching the video one time. During the six-week self-
directed video based learning, the student might get
some knowledge about working length determination
from Endodontic lecture which is the co-requisite subject.
However, in this lecture, there were few details about
EAL and no details about how to use EAL so it might
affect practical skills slightly.

Video content and quality could affect self-
directed learning outcomes. In our study, the results from
Questionnaire Il showed our video had good quality
(shown in the supplementary). In addition, video accessibility,
suitable equipment, and free time for learning influenced
the learning outcome of students.'*!" Most students (90 %)
were satisfied that the video was available online
through a private Facebook group and they had enough
free time, the proper electronic devices, and a good
internet connection for self-directed learning (as shown
in the supplementary). This implied that there were no
technical obstacles for self-directed video based learning
in this study. In addition, the number of times the video
was viewed and the last time the video was viewed
were not related to second practical scores. This was
consistent with a previous study that found that the
amount of times the video was watched did not affect

surgical hand wash test scores.®
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Future studies should evaluate the outcome of
these methods when the students practice working length
determination in the clinic. In addition, the video should
increase exercises and attractiveness to motivate student
learning. It would be interesting to compare the effectiveness
of self-directed video learning, classroom learning and

other learning methods for other dental lessons.

Conclusion

Video based learning enhanced the knowledge and
skills of dental students for working length determination
with EAL as well as live Demonstration did. Self-directed
video based learning improved practical skills after
students viewed the video in the classroom, but it did not

affect students who had been given a live demonstration.
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Supplement

Supplement 1

Skill performance checklist for practical test (1 point per step)

No. Important performance steps vor X
1 Determine the tooth length from the original radiograph
2 Choose the proper file size
3 Adjust the rubber stopper based on the radiographic tooth length
a4 Insert the file into the root canal with correct action
5 Hook the lip clip part at the wire on the tooth model
6 Clip the file holder part on the file.
7 Move the file forward until the meter read ‘APEX’
8 Move the file outward until meter read ‘0.5” bar
9 Adjust the rubber stopper to touch the proper reference point
10 | Remove file holder part from the file
11 | Remove the file from the root canal carefully
12 | Measure the file’s length as the provisional working length
Supplement 2
Percentage of questionnaire answers after the 2" practical test about the VDO quality and VDO accessibility of students.
Percentage of answers (%)
Question about self-directed VDO based learning Group P-value
5 4 3 2
To what level did the video have Demo 19.4 67.7 12.9 - 0.375
clear illustrations and was easy to understand? Video 12.5 68.8 18.8 -
To what level did the video have Demo 258 51.6 22.6 - 0.631
clear sound and was easy to understand? Video 18.8 59.4 15.6 6.3
To what extent was the video Demo 45.2 48.4 6.5 - 0.176
sharing via the Facebook private group suitable? Video 25.0 71.9 3.1 -
Did you have suitable electronic Demo 67.7 29.0 3.2 - 0.680
devices for accessing and watching the video? Video 62.5 34.4 3.1 -
Was internet signal strong enough Demo 54.8 355 9.7 - 0.747
for online video viewing? Video 50.0 40.6 9.4 -
How much free time did you have Demo 19.4 35.5 29.0 161 0.236
for self-directed video based learning? Video 25.0 43.8 25.0 6.3
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