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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
Medical Research and Experiment involving human
subjects such as Declaration of Helsinki 2000 or has
been approved by the ethic committees of each
institute.

- Results: Results are presentation of the discovery
of experiments or researches. It should be
categorized and related to the objectives of the
articles. The results can be presented in various
forms such as words, tables, 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.,
assignee. Flexible endoscopic grasping and cutting
device and positioning tool assembly. United States
patent US 20020103498. 2002 Aug 1.

Petty patent

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

Preparation of the Review articles and Case reports

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

The Editorial and Peer Review Process

The submitted manuscript will be reviewed by at least
2 qualified experts in the respective fields. In general, this
process takes around 4 - 8 weeks before the author be
notified whether the submitted article is accepted
for publication, rejected, or subject to revision before
acceptance.

The author should realize the importance of correct
format manuscript, which would affect the duration of
the review process and the acceptance of the articles.
The Editorial office will not accept a submission if the
author has not supplied all parts of the manuscript as
outlined in this document.

Copyright
Upon acceptance, copyright of the manuscript must
be transferred to the Dental Association of Thailand.
PDF files of the articles are available at
http: //www.jdat.org.

Color Printing (baht / 2,000 copy) : Extra charge for
addition color printing for 1-16 pages is 15,000 baht
vat included. The price is subjected to change with
prior notice.
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Root Canal Irrigants: Considerations for Success in Pulp Treatment for
Primary Teeth
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Abstract

The aim of the pulp treatment in primary teeth is to preserve and maintain fully functional primary teeth
in the dental arch until the time of natural exfoliation. It is well studied that microorganisms are considered to be
a major cause of pulpal and periapical pathosis. Therefore, the primary goal of pulp treatment is to eliminate or
reduce microorganisms inside an infected root canal system. Root canal cleaning with irrigating solutions becomes
one of the standard protocol as it can remove microorganisms, tissue debris, and smear layer efficiently. Various
irrigating solutions have been suggested for pulp treatment in primary teeth. Different irrigants have distinct properties
and, thus, present with different advantages, disadvantages and limitations. In clinical practice, these properties
need to be considered, in particular, when using in pediatric patients. The objective of this article is, therefore, to

review the various irrigating solutions commonly used in pulp treatment in primary teeth in many aspects. The

Songsiripradubboon and Govitvattana, 2019 247



mechanisms of actions, effectiveness, and their side effects are discussed. This information would be useful for

clinicians to choose an irrigant during pulp treatment procedure.

Keyword: Pulp treatment, Irrigant, Primary teeth
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Abstract

Non-extraction orthodontic treatment for crowding correction usually found labial movement of lower incisors.
Alveolar bone which covers at labial surface of lower incisors found high incidence of bony dehiscence despite of
patients who did not undergo an orthodontic treatment. This review article is aimed to propose the factors affecting
labial movement of lower incisors, the results of gingival recession and alveolar bone loss after labial movement of

lower incisors for the purpose in orthodontic treatment plan consideration which is not harmful to periodontal tissues.
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The Study of Difference in Clinical Tooth Color Measurement among Visual
Method Using White Light Box, Intraoral Scanner and Spectrophotometer
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Abstract

The aims of study were to compare visual method using white light box, intraoral scanner and
spectrophotometer in clinical tooth color measurement and to determine the reliability of tooth shade selection
among visual method using white light box, intracral scanner and spectrophotometer. Forty maxillary right central
incisors and canines of 18 — 40 years old volunteers which no pathologic and restoration teeth were included in
this study. Each tooth shade was measured six times, twice for each method with at least one day apart. Tooth
color measurements were described in L* a* b*and tooth color difference (AE) according to CIELAB color system.
In this system ‘L’ is a lightness coordinate, ‘a’ is a redness-greenness coordinate and ‘b’ is a yellowness-blueness
coordinate. The Kruskal — Wallis statistic was used to verify the significant difference of average color difference (AE)
at P<0.05. Results indicated significance difference in L* a* b* among all three methods. The average color difference
(AE) of visual method were higher than the intraoral scanner method on both maxillary central incisor (8.05 versus
4.99) and canine (9.5 versus 4.95). Average reliability of visual method was 0.63 (range 0.56-0.69) in maxillary right
central incisor and 0.63 (range 0.61-0.53) in canine while average reliability of intraoral scanner method was 0.70
(range 0.60-0.76) in maxillary right central incisor and 0.82 (range 0.63-0.91) in canine. Average reliability of tooth
shade selection using spectrophotometer was highest at 0.87 (range 0.70-0.96) in maxillary right central incisor and
0.88 (range 0.76-0.95) in canine. In conclusion, average color difference (AE) from visual method is higher than
intraoral scanner. Tooth color measurement using spectrophotometer is the most reliable method followed by

intraoral scanner and visual method is the lowest.
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Introduction

Contemporary practice in prosthetic dentistry
is to restore the patient’s dentition to normal function
and esthetics. Esthetic dentistry had become a concern
in modern dental practice. One of the major complications
in fixed prosthodontics. Color selection of a restoration
or prosthesis is an important clinical procedure to harmonize
with the remaining natural dentition."” The value of L¥,
a*, and b* are used in the CIELAB color system to describe
the color according by The Commission International
de UEclairage (CIE). The L* value indicates lightness,
where L* = 0 yields black and L* = 100 indicates perfect
white. Negative values of a* correspond to green color,
while the opposing positive values indicate red color.
Similarly, negative values of b* reflect the blue color,
and the opposing positive values indicate the yellow
color. This system defines the color space in approximately
uniform steps of human color perception. The CIELAB color
space (color difference, or AEab*) represents approximately
equally perceived shade gradations, an arrangement that
makes interpretation of color measurements more meaningful.
Color difference can be expressed as a single numerical
value which indicates the size of difference.’ It has been
reported that average observers can detect color difference
of 1 unit under standardized laboratory conditions whereas
the spectrophotometer reveal 0.48.* The perceptible
color difference ranges from 1 in an in vitro test to 3.7
in an in vivo test, while the acceptable difference ranges
from 2.72 in an in vitro study to 6.8 in an in vivo study.”’

There are two available methods to assess the
color of dental restoration, which are visual and instrumental
approach. Visual color measurement is still the most
common clinical approach, however it might be negatively
influenced by several factors such as type and quality
of light and experience of clinicians.® Different light
sources will express difference lights and effect the

object causing the same object to appeared different

colors.” The ideal temperature of light source for tooth
color selection is 5500 K which is spectrally balanced
throughout the visible spectrum. Color rendering index
(CRI) is another important aspect of light which should
be greater than 90. Such light source is recommended
for shade matching.'’ There are many commercial
products of color-corrected ambient lighting which are
suitable for shade matching in the dental operation
field."" Instrumental measurements reveal color by
quantified the object and the shade result is shown
instantly.'” There are many instruments those can assist
in shade matching which are colorimeter, digital cameras
as filter colorimeter, spectrophotometer and intraoral
scanner.”"* Spectrophotometers such as Spectroshade,
Easy shade, and Crystaleye are the most accurate color
measurement. They are differed in shade measurement
area and cost.”>"

Nowadays, the chairside intraoral scanners can
be used as an alternative to conventional impression
and communicate oral information with laboratories.
They can be separated in two types. The first type is single
image camera recording individual image of dentition
such as the iTero, E4D and Trios. The Trios camera records
images at a rapid rate and able to capture color of
dentition while scanning. The other is a video camera for
example the Lava." However, this method is not commonly
used in daily clinical practice because of high cost and
inconsistency.'” Hence, the author aimed to compare
the difference in color parameters, and the reliability
of color measurement in clinical situation between
conventional visual method by using white light box,
intraoral scanner method that use 3 shapes (TRIOS 3,
Copenhagen, Denmark), and spectrophotometer (Vita
Easyshade® V, Vident, Brea, California, USA) which was

15,18

high reliable and accurate™” at the Prosthodontics

Department, Faculty of Dentistry, Khon Kaen University.
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Materials and Methods

This study evaluated the three color measurements
by L*a*b* value of maxillary right central incisor and canine
in 18 — 40 years old of 40 participants. The Ethical Committee
in Human Research of Khon Kaen University approved of
the research protocol (HE602274). There were exclusion
criteria including the patholosgical discolor tooth, the presence
of carious lesion, the non-vital tooth, the presence of crowns
or veneers related to the tooth to be matched, the patient
with smoking habit, the patient that previously undergone
whitening procedures, and the patient undergone ortho-
dontic treatment at the time of the shade determination.
An observer in this study was a dentist who was tested with
the Fransworth — Munsell 100 hue test to rule out inherent
color deficiencies and had accuracy and examination test
to test validity in tooth color selection. Since the results of
the color analysis of shade guides in the same environment
are different from each other. In other words, the shade
guides analyzed in the study are not identical with each

2 Therefore, a new full set of shade tabs from

other.
Vitapan 3D master shade guide (Vita Zahnfabrik, Bad Sackingen,

Germany) which was made in August 2016 were cleaned

with an ultrasonic cleaner for 15 minutes before experiment
then converted the shade tab to L* a* b* by spectrophoto
meter and recorded the data for creating the color library
in this study. Participants received teeth polishing with the
pumice before all tooth color selection procedure; Visual
Method Using White Light Box, Intraoral Scanner and
Spectrophotometer, respectively. Then all of procedures
were repeated again in the same patient on another day
for reliability test.
Visual method using white light box

The white light box is set to be a constant
environment which has neutral grey cloth as walls and
mounted ring light in side (Aputure®, Amaran Inc, China). The
ring light was selected because it has light temperature
at 5500 K and CRI more than 95 tested with CL-500 light
measurement instruments (Konica Minolta, Inc., Japan)
(Fig. 1A, 1B). The participant position was set in the same
level of the examiner’s eyes and the distance of white
light box was fixed at 20 centimeters (Fig. 1C, 1D).*'
Participants were suggested to keep their teeth wet by

tongue licking to get accurate measurement.

Figure 1 The internal of White light box (A), The ring light (B). The tooth color was selected by the observer with the conventional

visual method using white light box (C). The tooth color when the observer looked through the white light box (D).
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To avoid eyes fatigue, the shade of each tooth
was selected by the observer within 3 minutes at the center
of tooth." Every two shade selection procedures was given
a five-minute break and 20 minutes break was given after
every four selection procedures. The measurement data
was recorded by using shade tab code number, then data
was converted to L*, a*, b* value by using the color library.
Intraoral scanner method

Prior to measurement, the intraoral scanner

was calibrated according to the manufacturer’s instructions.

A procedure was begun by tooth scaning which the
scanner tip need to be stabilized until the blue overlay
clears; slowly move the scanner 90 degrees from occlusal
to buccal of maxillary right incisor and canine (Fig.2).
The scanner was also recalibrated after every ten consecutive
scans for standardization. The participant’s tooth colors
were recorded three times per one tooth continuously
at the center of the tooth. The data were converted to

the L¥, a*, b* by using L*a*b* library and average L*, a*,

b* values.

Figure 2 The intraoral scanner was used by the observer to do the tooth color measurement (A). A scanned picture and tooth color

were shown in the monitor. (B)

Spectrophotometer method
The probe tip of spectrophotometer was held
90° contact the middle third of the tooth (Fig. 3). The

measurement of this method was repeated three times
per each tooth and recorded to average L*, a*, b*. The

device was recalibrated after every after ten scans.

Figure 3 The spectrophotometer was used by the observer to do the tooth color selection.

Descriptive statistic demonstrated median and

interquartile range of L*, a*, b* which collected from

three different techniques. The color difference (AE)

were compared between conventional visual method
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under artificial lisht source and spectrophotometer, and
intraoral scanner and spectrophotometer using the

equation as follow” :

AE; = (L, — L3)? + (a; —ag)? + (by — bi)?

V is a conventional visual method. This data
will change if use a deference device.

S is spectrophotometer.

All analysis were done using statistical analysis
program SPSS 19.0. Analytical statistic were used to
compare median of the descriptive data by using Kruskal
- Wallis statistic which was set significant level at p<0.05.
If any of the data was significant, the Mann-Whitney U
statistic will be used to identify which value was difference.
Moreover, Spearman Rank correlation were used to

determine reliability of each parameter.

The median and interquartile range of the L*
of visual method using white light box, intraoral scanner,
and spectrophotometer methods for maxillary right
incisor were 77.77+2.60 82.6+0.27, and 83.11+5.54,
respectively. The a* were 0.60+1.02, 0.13+0.06, and
-0.98+1.70, respectively and the b* were 14.50+3.69,
16.70+0.00, and 22.77+5.96, respectively. While the L*
of visual method using white light box, intraoral scanner,
and spectrophotometer for maxillary right canine were
73.86+7.16,78.18+5.50 and 78.19+6.21, respectively. The
a* were 2.00+1.24, 1.09+0.13, and 1.09+0.78, respectively
and the b* were 19.84+7.12, 25.53+7.00 and 26.56+7.02,
respectively as shown in Table 1. The data was tested
for normal distribution by Shapiro-Wilk Test and the
result showed that it was not normally distributed. The
result from Kruskal-Wallis test revealed that there was
significantly difference in L¥, a* and *b from different
color measurement methods (p=0.001). Then the multiple
comparison by Mann Whitney U test revealed that there
were significantly differences in L* a* and b* value of
maxillary right central incisors and canine when compared

the visual method using white light box and the

spectrophotometer (p=0.001). There were significantly
differences in L* a* and b* value of maxillary right central
incisors and canine when compared visual method
using white light box compared to intraoral scanner
(p=0.001). On the contrary, the intraoral scanner method
compared to the spectrophotometer method revealed
that there were no statistically significant differences
between L* value of maxillary right central incisors and L*
a* b* value of the maxillary right canines (p>0.05) while the
a* and b* value of maxillary right central incisors revealed
the significant difference in each method (p=0.001).

The color differences of maxillary right central
incisor and canine were revealed in figure 4. It was indicated
that mean color difference between visual method
using white light box and spectrophotometer was higher
than the color difference between intraoral scanner and
spectrophotometer.

The reliability of tooth color measurement in
three methods on maxillary right central incisor was
estimated by Spearman Rank’s correlation as shown in
figure 5. It was indicated that the mean L* a* b*of visual
method using white light box method was 0.63 and the
lowest correlation was shown in L*value = 0.56 and the
highest correlation was revealed in a* value = 0.69. The
mean L* a* b* of the intraoral scanner method was 0.68
and the lowest correlation was shown in b*value = 0.55
and the highest correlation was revealed in a* value =
0.76. The mean L* a* b* of the spectrophotometer
method was 0.86 and the lowest correlation was shown in
[*value = 0.67 and the highest correlation was revealed
in a* and b*value = 0.96. The maxillary right canine was
indicated that the mean L* a* b* of visual method using
white light box was 0.62 and the lowest correlation was
shown in b*value = 0.53 and the highest correlation was
revealed in a* value = 0.72. The mean L* a* b* of the
intraoral scanner method was 0.81 and the lowest
correlation was shown in b* value = 0.63 and the highest
correlation was revealed in a* and b* value = 0.91. The
mean L* a* b* of the spectrophotometer method was
0.88 and the lowest correlation was shown in L*value
= 0.76 and the highest correlation was revealed in
b*value = 0.97.
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Table 1 The comparison of color values on maxillary right central incisors and maxillary right canines by three methods.

Color values Technique N Median Interquartile  Minimum Maximum  Kruskal-Wallis
Range P-value
L1 Visual method a0 A 2.60 71.57 84.20
Intraoral scanner 40 82.60 0.27 72.01 82.60 <0.0001
Spectrophotometer 40 83.11 5.54 70.24 89.87
al Visual method a0 0.60 1.02 -0.8 2.07
Intraoral scanner 40 0.13 0.06 0.13 1.85 <0.0001
Spectrophotometer a0 -0.98 1.70 -2.76 2.87
bl Visual method a0 14.5 3.69 11.57 26.29
Intraoral scanner 40 16.7 0.0 16.47 27.38 <0.0001
Spectrophotometer a0 22,77 5.96 9.2 28.92
L3 Visual method a0 73.86 7.16 64.3 79.55
Intraoral scanner 40 78.18 5.50 66.12 82.60 <0.0001
Spectrophotometer 40 78.19 6.21 68.69 85.10
a3 Visual method a0 2.0 1.24 0.17 3.70
Intraoral scanner 40 1.09 0.97 0.13 297 <0.0001
Spectrophotometer a0 1.09 0.78 -2.12 4.06
b3 Visual method a0 19.84 7.12 12.57 27.55
Intraoral scanner 40 25.53 7 16.68 31 <0.0001
Spectrophotometer 40 26.56 7.02 13.7 33.82
L1 = L* value of maxillary right central incisor L3 = L* value of maxillary right canine
al = a* value of maxillary right central incisor a3 = a* value of maxillary right canine
bl= b* value of maxillary right central incisor b3= b* value of maxillary right canine
15

10

vs1 VS2 51 52

W maxillary central incisor N maxllary canine

Figure 4  CIELAB color difference (AE) of maxillary central incisor and canine between visual method using white light box and spectrophotometer
and between intraoral scanner and spectrophotometer.
VS1: AE between visual method using white light box and spectrophotometer in first test
VS2: AE between visual method using white light box and spectrophotometer in second test
IS1: AE between intraoral scanner and visual method using white light box in first test

IS2: AE between intraoral scanner and visual method using white light box in second test
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Figure 5 The spearman correlation reliability of L* a*, b* values of maxillary right central incisor and canine among tooth color measurements

of visual method using white lisht box and between intraoral scanner and spectrophotometer method.

LV1V2: [*value of visual method in first test and second test

aV1Vvz: a* value of visual method in first test and second test

bV1Vv2: b* value of visual method in first test and second test

LI112: L*value of intraoral scanner method in first test and second test

alll2: a*value of intraoral scanner method in first test and second test

LS152: L* value of spectrophotometer method in first test and second test

aS152: a* value of spectrophotometer method in first test and second test

bS152: b* value of spectrophotometer method in first test and second test

* statistical significance at p-value < 0.05

Discussion

Since there were no standard methods to
evaluate the shade-detecting function of visual method
and intraoral scanner measurement. The color value from
these two methods were converted to L*a*b* value by
using the spectrophotometer to correspond with shade
tab of the Vitapan 3D master in visual measurement.

Previous study demonstrated the Vitapan
3D-Master shade guide has more uniform color space than
other systems.” In addition, the reliability of commercial
shade guides that produced by the same manufacturer
should be re-evaluated.” Hence, the L*a*b* color value
library in this study was converted from the Vita 3D
master which was tested by the Vita Easyshade V®. There
were studies that proved the excellent repeatability of Vita
Easyshade as well as the laboratory spectrophotometer
(PSD1000)."** Although the Vitapan 3D master shade guide

consist of 26 shade tabs; this system does not cover all range
of normal teeth color which leads to limitation of visual
measurement. However, this method is still coommonly used.

An earlier in vitro study comparing L* a* and b*
which use shade tab as a specimen found no statistically
difference among intraoral scanner, spectrophotometer
and conventional visual method using the white light
box was controlled environment. The study showed
visual method and intraoral scanner measurement were
strongly accurate compared to the Vita Easyshade®V.”
However, the result was different in this clinical study,
as the conventional visual method presented the lower
accuracy and reliability than the intraoral scanner method.
The a* and b* value obtained from maxillary right central
incisors revealed the significant difference in each method

although the management of the confounding factors was
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the same with in vitro study such as, (1) the environment
which well controlled by white light box, (2) the experienced
observer who was capable in color matching, (3) the
relaxation time which was provided to avoid the observers
eye fatigue and visual angle of the observer might be
deceptive. However, there were several problems when
clinical tooth color selection was performed. The tooth
characteristic causes the difficulty for shade selection,
such as, the double layering effect which caused by
enamel translucency and dentin opacity, a curved tooth
surface, and non-homogenous color.”” Other factors that
affected human color perception such as human emotion
which can cause limitations in traditional visual shade
selection.”

For the color accuracy evaluation, the mean
color difference of visual method using white light box
method on both maxillary right central incisor and canine
(8.05 and 9.50) were higher than the intracral scanner
method (4.99 and 4.95). The color difference of both
methods was higher than the perceptible color difference
(AE = 3.7). However, the intraoral scanner method was
still in clinical acceptable difference range (AE = 6.8).”"
The accuracy of a* and b* values by the intraoral scanner
was slightly lower especially on maxillary central incisor.
The data of the Trios intraoral scanner revealed as
positive a*value and negative b*values which exhibited
more redness and less yellowness hue than the Vita
Easyshade® V while the visual method using white light
box was not corresponding with the spectrophotometer
in all value. The L*value of visual method was lower
than the spectrophotometer which can be interpreted
that the values of the visual method appeared to be
darker than the Vita Easyshade® V while the a* and b*
values were too varied to conclude. The laboratory study
by Yoon et al.,, 2016 found high degree of correlation
between Trios Pod and Shade Eye — NCC for L*and b*
values, except the a* value.”’

In this study, the strong agreement of reliability
was found among three color measurement methods

which was 0.73 on maxillary central incisor and 0.77 on

maxillary canine whereas the earlier in vitro study
showed 0.96 on the Vita 3D master shade tab.” It had been
stated that the data collected from spot-measurement
devices may not be entirely accurate because of the
non-homogenous shade structure of the natural teeth,
and the errors of image which was taken on the arch
curve of natural tooth; not on the flat plane. So, the curve
position of natural tooth may affect the position of
measurement devices. The color measurement of the
exact same spot on a curved tooth surface also proved
to be challenging, which might affected the consistency
of the measurements.'® However, one study explained
that the spot measurements in particular were more
accurate because the measurements were made with the
tip of the probe.” For the intraoral scanner method, the
reliability was slightly lower than the spectrophotometer
since the spectrophotometer was aligned in parallel
and contacted closely to the labial surface of each
tooth. Moreover, the color was directly measured by
the spectrophotometer from small regions in the individual
teeth while the multiple angles of the entire labial surface
were captured with the intraoral scanner. The entire
tooth surface measurement devices provide the detailed
color map of the tooth as well as an average shade
value from the overlapping camera.'*”’ The scanning
picture on the touch screen monitor of the Trios intraoral
scanner was also difficult to point by finger in order to
measure at the same position. Furthermore, after
autoclaving, the drying mark on mirror of scanner tip was
detected and affected to the tooth color measurement.
The visual method using white light box was poorly reliable
compared to the instrument tooth color measurement
which is consistent with the previous study.”

The study of Culpepper found the maxillary
canine was the most consistent matched utilizing all
shade guides and light sources because the maxillary
canine has the highest Chroma (intensity) of the dominant
hue (color) of the teeth.” Similar to this study which
found that the maxillary canine had higher accuracy

and reliability than the maxillary central incisor, Lasserre,
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2011 also found more errors on central incisors due to
their high translucency property.”

Previous studies usually had more than one
observer to ascertain the efficiency of tooth color
measurement methods.”** Unfortunately when there
are many observers, the problem of positioning the
device has occurred. Thus, most of studies have to
limit the area of shade measurement by drawing the
square or circle shape on tooth surface or covering the
unselected area with silicone and leave 5 mm diameter
hole with the same size as Vita Easyshade’s tip. Never-
theless, the limited area may reduce the efficiency of
visual color measurement. In this study, there is only
one observer who did not have color deficiency, have
experience in conventional tooth color selection, and
also trained to use the color measurement instruments.
This observer was trained and know where the area of
measurement is, so the area of was fixed without
reduction of efficiency of shade selection method. And

this process can produce the reliability of methods.

Conclusion

Results of this study indicated that there are
significant differences in clinical tooth color measurement
among the visual method using white light box, the
intraoral scanner and the spectrophotometer. The visual
method using white light box had low accuracy and
reliability when compared to the spectrophotometer.
The Intraoral scanner showed higher color difference than
the perceptible range which has lower reliability than
spectrophotometer but still could be use in clinical situation
within acceptable range. Although, it was easier to find
the variation in L* a* b* values, since there were difficulties
to match the instrument’s position of each method.
The maxillary canines presented a strong agreement of
accuracy and reliability in all tooth color measurement

methods which was higher than maxillary incisors.
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Original Article

Alveolar Bone Macroscopic Changes as a Response to Light Controlled-tipping
Maxillary Dental Arch Expansion in Young Adults: A Cone-beam Computed
Tomography Study

Chanchai Pattanaviriyapisan', Chairat Chareomratrote®, Udom Thongudomporn®
'Dental department, Kanchanadit hospital, Suratthani

“Department of Preventive Dentistry, Faculty of Dentistry, Prince of Songkla University, Songkhla

Abstract

The objectives of this study were to examine the amount of expansion, the changes of molar inclination,
crown and root position of maxillary first molars, as well as changes of alveolar bone thickness, alveolar bone height
and buccal bone position by using cone-beam computed tomography (CBCT) after light controlled-tipping expansion
in young adult subjects. Factors related to changes in alveolar bone thickness (ABT) were also investigated. Maxillary
dental expansion was performed in twenty-four patients (age 15.3-26.5-year-old) with orthodontic fixed appliances
and a straight rectangular titanium molybdenum alloy (TMA®) wire which produced 126 + 27 g of expansion force.
Dento-alveolar changes were evaluated using CBCT images acquired before (TO) and 3 months after expansion (Tl).
Mann-Whitney U-tests, Wilcoxon matched pairs signed rank tests, Kruskal-Wallis test with the Dunn-Bonferroni tests
were used to compare the changes. Spearman’s rank correlation analysis was performed to identify factors associated
with the changes of ABT. The significance level was set at .05. Significant buccal controlled-tipping of the first molars
occurred leading to a significant increase of intermolar width (IMW) (P<0.01). ABT at bucco-crestal site of mesio-buccal
root (ABT-MB-L1) significantly decreased (P<0.05), while ABT at palatal sites (ABT-Pa) significantly increased (P<0.05).
Buccal bone position (BucBonePos) significantly displaced buccally (P<0.05). AIMW and the rate of expansion significantly
positively related to AABT-MB-L1 (P<0.05). Initial ABT was significantly negatively correlated with AABT-MB-L1 and
AABT-Pa (P<0.05). The study concluded that some degrees of ABT-MB-L1 reduction and ABT-Pa gain were observed
when applying force lower than 130 g for controlled-tipping maxillary dental arch expansion. These changes were
related to AIMW, rate of expansion, and initial ABT. Buccal displacement of outer surface of bucco-crestal bone

was observed.
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Introduction

Determining how alveolar bone responses to
orthodontic tooth movement have interested researchers
over the years because the quality and quantity of the
bone surrounding the teeth in final position justify the
success and prognosis of treatment. The concept that
orthodontic force induces alveolar bone resorption on
the pressure side and bone apposition on the tension
side has been well accepted.' However, at macroscopic
level, it has been demonstrated that bone remodeling:
tooth movement ratio is not a 1:1 basis in maxillary incisor
retraction studies.”” Studies on the changes of alveolar
bone thickness after rapid maxillary expansion (RME)
provide similar results.* Generally, as the posterior teeth
are expanded, reduced buccal alveolar thickness, especially
at the crestal level, and increased palatal alveolar
thickness are observed.”®

High force magnitude produced from RME
appliances may provoke the occurrence of reduced
buccal bone thickness during maxillary arch expansion.®’
An alternative protocol so called slow maxillary expansion
(SME) providing lower force systems has been proposed.®
Using light force to move teeth may minimize the
occurrence of undermining resorption, and may reduce
lag phase during tooth movement.” Light force could
be advantageous not only to the adjacent alveolar bone,
but also to the neighboring cortical bone of the loaded
area resulting in displacement of both tooth and alveolar
bone.'® However, results with regards to alveolar bone
response following SME have been controversial.'' A
study applying an Alveolar Development Appliance
(ADA) which produces 300 g of continuous expansion
force on the palatal alveolar bone of maxillary posterior
teeth found evidence of young bone formation on the
buccal aspect of the teeth."" In contrast, Brunetto et al,
(2013)" compared the effects of RME and SME and
demonstrated that vertical and horizontal bone losses
were found in both groups with greater bone loss shown

in SME group. Most SME appliances such as quad-helix, or

NiTi expander produce a significant degree of buccal
crown tipping of the posterior teeth,“* which may
generate excessive stress at the buccal alveolar crest
leading to the loss of bucco-crestal alveolar thickness.

To minimize expansion force and to decrease
posterior buccal crown tipping, maxillary dental expansion
method proposed by Gill et al.,** was modified by using
a straight rectangular titanium molybdenum alloy (TMA®)
wire with the largest size of wire that sufficiently fits
into the bracket slots to produce anti-buccal tipping
torque. Due to the relatively low load deflection and
stiffness characteristics of TMA® wire, light force is generated
although a large range of activation is performed.”
According to our pilot laboratory test on a series of 10
untreated maxillary models, when a straight
0.016”x0.022” TMA® wire was bent into an arch form with
an intermolar width of 43-47 mm, the wire produced
126 + 27 g of total expansion force.

The objectives of this prospective cone-beam
computed tomography (CBCT) study were to examine the
amount of expansion, the changes of molar inclination,
crown and root position of maxillary first molars, as well
as changes of alveolar bone thickness, alveolar bone
height and buccal bone position after maxillary dental
arch expansion with orthodontic fixed appliance in
combination with light force by using straight rectangular
TMA® wire in a group of young adult subjects. In addition,
factors that might relate to changes in alveolar bone

thickness during expansion were investigated.

Materials and Methods

Subjects and study protocol

This prospective cohort study was performed
at the Faculty of Dentistry, Prince of Songkla University
under the approval of the faculty ethical committee
(Ethic approval No. EC 5803-13-P-HR). Informed consent
was obtained from subjects who agreed to participate

in this study. For under 20-year-old subjects, the consent
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forms were signed by the parents. The sample size was
calculated by G*Power (Version 3.1)'® using parameters
taken from a quad helix appliance study on changes in
alveolar bone around the maxillary first molars'’ (mean
difference of alveolar bone thickness = 1.6 mm, difference
of standard deviation = 1.3 mm, significance level = 0.05,
power = 0.90). A sample size of 18 subjects was required.
To increase the power of the study, 24 subjects (10 males,
14 females) aged 15.3-26.5-year-old with mean age + SD
of 19.2 + 2.8-year-old were involved in this study.

The inclusion criteria were: (1) no more than 4 mm
bilateral maxillary dental expansion required, (2) hypo-
or normo-divergent facial pattern (15°<SN-GoMex<35°)
that would allow an increase in lower facial height by
creating clockwise rotation of the mandible, (3) no unilateral
or posterior crosshite, (4) presence of all permanent teeth
from right to left maxillary second molars, (5) no metal
crown on posterior teeth, (6) healthy periodontal condition
without gingival recession or signs of traumatic occlusion,
(7) no craniofacial disorders, (8) no underlying disease
and no signs and symptoms of temporomandibular joint
disorders. Exclusion criteria were the occurrence of
periodontal gingival pockets =4 mm or progressive
gingival recession during treatment, missed appointments,
and early arch width corrected during the aligning and
leveling stage.

Subjects were treated using 0.018”x0.025” slot
pre-adjusted edgewise brackets from left to right second
premolars (Roth system, Master Series™; American
Orthodontics®, Sheboygan, WI, USA) and buccal tubes
(Non-convertible, LP™; American Orthodontics®, Sheboygan,
WI, USA) on left and right maxillary first molars. Instruction
on oral care was given after bonding. Leveling and
alignment were accomplished by progressing the archwires
from 0.0127,0.014”,0.0167x0.016”, and 0.016”x0.022” Ni-Ti.
CBCT imaging was taken before starting maxillary expansion
(TO). CBCT (3D Accuitomo 170°, J Morita Mfg. Corp., Kyoto,
Japan) was performed at 90 kV and 5 mA with a 17.5-second
exposure time, 0.25 mm voxel resolution and 100 x 100 mm

field of view. Arch expansion was accomplished using

a straight length of 0.016”x0.022” beta-titanium alloy
wire (TMA®, Ormco™, Orange, CA, USA). The TMA® wire was
tied to all brackets using ligature wires. Every 3-4 weeks
the wire was removed, straightened, and re-engaged in
the brackets. Periodontal status was determined by
measuring the depths of gingival pockets and recording
presence or absence of gingival recession on the maxillary
posterior teeth.

When maxillary posterior arch width was expanded
to the determined amount, the maxillary arch was
maintained with a 0.016”x0.022” passive stainless steel
wire for 3 months to allow bone remodeling (T )."* At

T, CBCT imaging was performed.

CBCT analysis

Changes of crown and root position, alveolar
bone thickness and height between T and T, were
determined from the CBCT scans. All CBCT scans were
viewed on OneVolumeViewer® software (OneVolume
Viewer®, version 11.0; J Morita Mfg. Corp., Kyoto, Japan).
The CBCT images were oriented base on three planes
which were respectively constructed: 1) sagittal plane
connecting the mid-cranial base and anterior nasal spine
(ANS); 2) axial plane from the ANS to posterior nasal
spine (PNS); and 3) coronal plane perpendicular to the
axial plane passing through the points to be measured."
Five sections of coronal plane (C-planel to C-plane5)
were established for the measurement of different
parameters (Table 1).

C-planel was used to measure intermolar width
(IMW). C-plane2 was used to measure first molar inclination
(6Incl), crown position (CrownPos), root position (RootPos),
alveolar bone height (ABH), total alveolar bone thickness
(TotalABT) and buccal bone position (BucBonePos).
For the measurement of alveolar bone thickness (ABT),
C-plane3 - C-plane5 were used to measure ABT of
mesio-buccal (MB), disto-buccal (DB), and palatal (Pa)
root, respectively (Fig. 1-3). Definitions of nine dental
and seventeen alveolar bone variables are presented
in Table 1.
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Table 1 Definitions of abbreviations, reference lines and measurements used in this study

Operation terms

Description

Reference lines
Mid-S-line
H-line

Coronal plane sections (C-plane)
C-planel
C-plane2
C-plane3
C-planed
C-planeb

Dental measurements
IMW
6Incl

Crown position (CrownPos)

H- CrownPos

V- CrownPos -B

V- CrownPos -Pa

Root position (RootPos)

RootPos -L1

RootPos -L.2

RootPos -L.3

RootPos -L4

Alveolar bone measurements
Alveolar bone thickness (ABT)

ABT-MB-L1, ABT-MB-L2, ABT-MB-L3

ABT-DB-L1, ABT-DB-L2, ABT-DB-L3

ABT-Pa-L1, ABT-Pa-L2, ABT-Pa-L3
Alveolar bone height (ABH)

ABH-B
ABH-Pa
Total alveolar bone thickness (TotalABT)

TotalABT-L1, TotalABT-L2, TotalABT-L3

Buccal bone position (BucBonePos)

BucBonePos-L1, BucBonePos-L2,

BucBonePos -L3

Mid sagittal line: a vertical line connecting the mid-cranial base and anterior nasal spine

Horizontal line: a perpendicular line to Mid-S-line passing the highest point of the palatal vault

Five coronal plane sections for each measurement

C-plane passing through the central pit of right and left molars

C-plane passing through the bifurcation between Pa and DB of right and left molars
C-plane passing through the widest side of MB root of each molars

C-plane passing through the widest side of DB root of each molars

C-plane passing through the widest side of Pa root of each molars

Intermolar width: distance between central pit of right and left molars on the C-planel
Molar inclination: an angle formed by a line connecting between the deepest pit and the

mid-furcation intersecting with the line perpendicular to Mid-S-line on the C-plane2

Horizontal crown position: perpendicular distance from Mid-S-line to the deepest pit
of the maxillary first molar on the C-plane2

Vertical buccal crown position: distance from the buccal CEJ perpendicular to H-line
on the C-plane2

Vertical palatal crown position: distance from the palatal CEJ perpendicular to H-line
on the C-plane2

Perpendicular distance from Mid-S-line to the outer most surface of the first molar
root on the C-plane2

Root position at 3.0 mm apical to the CEJ

Root position at 6.0 mm apical to the CEJ

Root position at 9.0 mm apical to the CEJ

Root position at apex of the root

Perpendicular distance to Mid-S-line, ranging from the surface of MB, DB, and Pa root to the

outer most surface of the bone measured on C-plane3, C-planed and C-plane5, respectively.

ABT of MB root at 3.0, 6.0, and 9.0 mm apical to the CEJ respectively

ABT of DB root at 3.0, 6.0, and 9.0 mm apical to the CEJ respectively

ABT of Pa root at 3.0, 6.0, and 9.0 mm apical to the CEJ respectively

Perpendicular distance to H-line ranging from CEJ to the same side of alveolar crest
level measured on C-plane2

ABH ranging from buccal CEJ to buccal alveolar bone crest

ABH ranging from palatal CEJ to palatal alveolar bone crest

Perpendicular distance to Mid-S-line ranging between the outer most surface of the
buccal and palatal bone in each level measured on C-plane2

TotalABT at 3.0, 6.0, and 9.0 mm apical to the CEJ espectively

Perpendicular distance to Mid-S-line ranging from Mid-S-line to the outer most surface of

buccal alveolar bone in each level measured on C-plane2

BucBonePos at 3.0, 6.0, and 9.0 mm apical to the CEJ respectively
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A horizontal line (H-line) perpendicular to sagittal
plane passing the highest point of the palatal vault was
constructed. Perpendicular distances of all bony points to
H-line from T CBCTimages were registered and transferred
to the T1 CBCT images to determine AABT, ATotalABT, and
ABucBonePos.

AWl CBCT measurements were performed by
an investigator who was blinded from subjects’
identity and the sequence of materials being
measured. All data from 10 randomly selected
subjects were measured twice at 4 weeks apart to
assess reliability by using paired t-tests and to assess
measurement error by using Dalberg’s formula,"”
respectively. Paired t-tests revealed no significant
differences between the two sets of replicate
measurements (P=0.35) and Dahlberg’s error was
0.4 mm and 0.4° for linear and angular variables,

confirming the measurements were reliable.

Statistical analysis

Shapiro-Wilk tests showed non-normally distribution
of some parameters. Consequently, Mann-Whitney U-tests,
Wilcoxon matched pairs signed rank tests, and Kruskal-Wallis
test with the Dunn-Bonferroni tests were used to compare
the changes between sexes and changes within group, as
appropriate. Spearman’s rank correlation analysis was performed
to identify factors associated with AABT. All calculations
were performed using statistical software (SPSS, version
23, IBM, New York, NY, USA) with a significance level of 0.05.

There was no significant difference in pretreatment
arch width, molar inclination and amount of expansion
between sexes of all subjects; therefore, the data for male and
female subjects were pooled. Moreover, since changes of
bilateral variables were not statistically significant, mean

values between sides were considered.

Table 2 Comparisons of Means + Standard Deviations (SD) of intermolar width, crown and root position between T and T,

T0 T1 Tl-T0
Variables Mean + SD Mean + SD P-value
Mean + SD Min-Max P-value'

IMW (mm) 458 + 2.2 47.8 + 2.8 19+ 1.1 0.9-3.9 0.00**

éIncl (degree) 89.6 £ 2.4 91.6 £23 21+09 -0.1-3.9 0.00**

V-CrownPos-B (mm) 147 +29 14.6 + 3.1 -0.1 £ 0.7 -1.1-0.5 0.17

V-CrownPos-Pa (mm) 14.6 £2.9 147 £29 0.1+05 -1.2-0.5 0.58

H-CrownPos (mm) 230+ 1.1 238+ 1.4 0.8 + 0.6" 0.2-1.7 0.00**

RootPos-L1 (mm) 275+ 1.2 280+13 0.5+ 0.2° 0.1-1.0 0.00%*

RootPos-L.2 (mm) 280+ 1.4 281+ 1.3 0.1+0.2° -0.3-0.4 0.06 0.02*
RootPos-L.3 (mm) 284 +13 285+1.2 0.1+0.4° -0.4-0.5 0.26

RootPos-L4 (mm) 284+ 1.2 284+ 1.2 0.0 £ 0.1° -0.2-0.2 0.90

IMW, intermolar width; éIncl, molar inclination; CrownPos, crown position; RootPos, root position; V, vertical; H, horizontal; B, buccal; Pa, palatal;

L1, 3.0 mm from cemento-enamel junction (CEJ); L2, 6.0 mm from CEJ; L3, 9.0 mm from CEJ; L4, root apex

" P-value of Wilcoxon matched-pairs signed-ranks test comparing difference between To and T, of each variable.

* P-value of Kruskal-Wallis test comparing differences of changes of crown and root position within each tooth. Different letters represent statis-

tically significant differences.
* Statistically sienificant at P<0.05, ** P<0.01
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Table 2 shows crown and root changes between T
and T.IMW significantly increased by 1.9 + 1.1 mm (P<0.01)
(range: 0.9-3.9 mm). First molar crowns significantly moved
buccally (AH-CrownPos = 0.8+0.6 mm; P<0.01) but revealed
non-significant extrusion (AV-CrownPos-B = -0.1 + 0.7 mm, AV-
CrownPos-Pa =0.1+0.5 mm; P>0.05). Roots showed no significant
change in bucco-palatal dimension in all levels (P>0.05), except
for RootPos-L1 (ARootPos-L1 = 0.5 + 0.2 mm; P<0.01). The

movement could be considered as controlled-tipping.”’

Significant decrease of ABT-MB-L1 was observed
(AABT-MB-L1 =-0.20 + 0.18 mm; P<0.05), but ABT of all
levels of palatal root significantly increased (P<0.05).
BucBonePos-L 1 significantly increased (ABucBonePos-L 1
=0.07 + 0.15 mm; P<0.05) indicating that buccal surface
of the alveolar bone at L1 level displaced buccally. No
significant changes of TotalABT, ABH-B, and ABH-Pa were
observed (P>0.05) (Table 3).

Table 3 Comparison of Means + Standard Deviations (SD) of alveolar bone measurement between T and T

Before expansion (To)

3 months of maintenance (T1)

Variables T-T, P-value'
Mean + SD Mean + SD
ABT-MB-L1 (mm) 1.92 + 0.50 1.70 + 0.60 -0.20 + 0.18 0.01*
ABT-MB-L2 (mm) 2.44 + 0.96 2.38 + 1.00 -0.06 + 0.25 0.27
ABT-MB-L3 (mm) 262 +0.92 256 +0.97 0.05 + 0.35 0.44
ABT-DB-L1 (mm) 2.44 + 0.50 2.38 +£0.43 -0.06 + 0.26 0.26
ABT-DB-L2 (mm) 3.45 + 0.87 3.40 £ 0.95 -0.06 + 0.19 0.17
ABT-DB-L3 (mm) 3.48 + 0.88 3.45 + 0.89 -0.02 + 0.10 0.24
ABT-Pa-L1 (mm) 1.57 +0.34 1.75 £ 0.20 0.18 £ 0.24 0.01*
ABT-Pa-L2 (mm) 211 +£1.02 231 +094 0.20 + 0.19 0.01*
ABT-Pa-L3 (mm) 270 + 1.87 292 +1.88 0.20 £ 0.26 0.01*
ABH-B (mm) 201 +£0.28 1.98 + 0.37 -0.03 + 0.26 0.54
ABH-Pa (mm) 201 +£0.29 2.06 £ 0.32 0.05 +0.13 0.06
TotalABT-L1 (mm) 15.13 + 1.12 15.12 + 1.07 -0.01 £ 0.15 0.89
TotalABT-L2 (mm) 16.87 + 1.79 16.86 + 1.78 -0.01 +0.08 0.60
TotalABT-L3 (mm) 18.51 +2.30 18.57 + 2.37 0.06 + 0.23 0.21
BucBonePos-L1 (mm) 28.26 + 1.30 28.32 + 1.32 0.07 £ 0.15 0.04*
BucBonePos-L2 (mm) 29.00 + 1.10 29.02 + 1.09 0.03 + 0.07 0.12
BucBonePos-L3 (mm) 30.09 + 1.11 30.12 + 1.10 0.02 +0.12 0.31

ABT, alveolar bone thickness; ABH, alveolar bone height; TotalABT, total alveolar bone thickness; BucBonePos, buccal bone position; MB, mesio-

buccal root; DB, disto-buccal root; Pa, palatal root; L1, 3.0 mm from cemento-enamel junction (CEJ); L2, 6.0 mm from CEJ; L3, 9.0 mm from CEJ.

" P-value of Wilcoxon matched-pairs signed-ranks test

* Statistically significant at P<0.05.
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Regarding correlation analysis, AABT-MB-L1 Pa-L2, significant correlations with initial ABT-Pa-L1 and
showed significant correlations with AIMW (r=0.77; ABT-Pa-L2 were found respectively. (r=-0.85 and -0.52;
P<0.01), rate of expansion (r=0.51; P<0.05), and initial P<0.01, respectively) (Table 4).

ABT-MB-L1 (r=-0.42; P<0.05). For AABT-Pa-L1 and AABT-

Table 4 Correlations between the changes of alveolar bone thickness and position and some factors.

R
Variables
AIMW Rate of expansion A6Incl Initial ABT
AABT-MB-L1 0.77** 0.51* 0.18 -0.42*
AABT-Pa-L1 0.32 0.01 0.14 -0.85%*
AABT-Pa-L2 0.02 -0.05 0.01 -0.52%*
AABT-Pa-L3 0.04 0.20 -0.23 0.20
ABucBonePos-L1 -0.24 -0.27 -0.10 0.06

R, correlation coefficients, Spearman’s rank correlation analysis

ABT, alveolar bone thickness; BucBonePos, buccal bone position; MB, mesio-buccal root; Pa, palatal root; L1, 3.0 mm from cemento-enamel
junction (CEJ); L2, 6.0 mm from CEJ; L3, 9.0 mm from CEJ. AIMW, amount of expansion; A6Incl, molar inclination change.

* Statistically significant at P<0.05, **P<0.01.

Right molar Left molar

6Incl 6Incl

Figure 1 (A) Measurement of intermolar width (IMW) at C-planel. (B) Measurement of maxillary first molar inclination (6Incl) at

C-plane2. (Details described in Table 1)
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V-CrownPgs-B V-CrownPos-Pa

o /

Figure 2 (A) Measurement of crown and root positions, (B) measurement of total alveolar bone thickness (TotalABT), (C) measurement

of buccal bone position (BucBonePos), (D) measurement of vertical crown position and (E) measurement of alveolar bone

height at C-plane2. CEJ, cemento-enamel junction; H-CrownPos, horizontal crown position; RootPos-L1, root position at

crestal level; RootPos-L2, root position at mid root level; RootPos-L3, root position at apical level; RootPos-L4, root position

at apex of the root; L1, 3.0 mm apical to CEJ; L2, 6.0 mm apical to CEJ; L3, 9.0 mm apical to CEJ; H-line, Horizontal refer

ence line; \/-CrownPos-B, vertical buccal crown position; V-CrownPos-Pa, vertical palatal crown position; ABH-B, buccal

alveolar bone height; ABH-Pa, palatal alveolar bone height (Details described in Table 1)
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ABT-MB-L3 CEJ—

ABT-MB-L2
ABT-MB-L1
CEJ

I 3 mm

3 mm
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“ ’
f : :\, Mid-S-line

-40 -30

-20

|lIlllllllllllllllllllllllll_lllllllll'lllllllllIIIIlllllllllllllllllllllll_lll

— ABT-Pa-L3
- ABT-Pa-L2
- ABT-Pa-Ll
—CEJ

3 mm
3 mm

"

2 Mid-S-line s Mid-S-line

-10 0 0 -30 -20 -10

Figure 3 Measurement of buccal and palatal alveolar bone thickness (ABT). (A) Measurement of buccal ABT of mesio-buccal root.
(ABT-MB) at C-plane3. (B) Measurement of buccal ABT of disto-buccal root. (ABT-DB) at C-planed. C) Measurement of palatal
ABT of palatal root. (ABT-Pa) at C-plane. L1, 3.0 mm apical to CEJ; L2, 6.0 mm apical to CEJ; L3, 9.0 mm apical to CEJ.

(Details described in Table 1)

Discussion

With the application of approximately 126 ¢ of
maxillary expansion force produced from a straight rectangular
TMA® wire, first molars were moved buccally with minimal
tipping. ABT significantly decreased on the labial side but
increased on the palatal side. BucBonePos displaced buccally,
whereas TotalABT and ABH remained unchanged.

The expansion rate at the molar region of our study
(0.8 £ 0.2 mm/month) is comparable to that produced by
quad-helix. However, the degree of first molar inclination
change of our study (2.1 + 0.9°) is much less than those

produced by other types of slow expanders.*" Probably

because of minimal tipping, molar extrusion in our study
was not significant. This may subsequently lead to the
ability to maintain alveolar height on both buccal and
palatal sides in our study.

The significant changes of bucco-crestal and palatal
bone thickness indicate a lag between bone remodeling
and tooth movement, even though the force was lower than
the recommended amount for dental expansion (450-900 ¢).°
Our finding agrees with Kraus et al,, who revealed reduction
of buccal bone thickness following expansion with light

force in a group of young adult dogs,”* Nevertheless, buccal
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drift of the alveolar process was evident, since we found that
BucBonePos-L1 significantly buccally displaced indicating
the existence of cortical bone remodeling. In the aforementioned
dog study,”* histological investigation revealed bone apposition
not only on the trailing edges (i.e. the PDL side of the tension
areas), but also on the leading edges (i.e. the palatal bone
adjacent to the root apex and the periosteal side of the
buccal bone inthe coronal level) of the buccally tipped roots.
Further biomarker study may provide more insight into the
response of the alveolar bone to light expansion force.

Significant correlations between the rate of expansion
and AABT-MB-L1, and between AIMW and AABT-MB-L1
imply that the faster the rate of expansion, the greater
the probability of bucco-crestal alveolar bone thickness
reduction. Also, the more the arch is expanded, the thinner
the bucco-crestal alveolar bone thickness becomes. We
could not find a significant correlation between change
of molar inclination and change of alveolar bone thickness.
This may be due to the low variability of molar inclination
change (A6Incl = 2.1 + 0.9 degree) which restricted the
correlation analysis to detect the statistical relationship.
Interestingly, we found significant negative correlation
between initial ABT at MB-L1 and AABT. This can be
interpreted that the thinner the initial buccal alveolar
bone, the more alveolar bone thickness reduction would
occur during expansion. The result is supported by previous
findings.” Initial thickness of alveolar bone may be an
indicator of remodeling capability. Further studies are
needed to test this presumption.

The present study has several strengths. To
ensure the accuracy of bone measurement on CBCT,
we used 0.25 mm voxel size which can provide good
spatial resolution for adequate visualization of the buccal
bone.” Also, we allowed 3 months of resting period to
ensure complete remodeling of the alveolar bone.'*We
measured changes of tooth position, inclination, alveolar
bone thickness and alveolar bone height based on stable
external references. Thus, the reading of bone changes is
independent from dental changes. This provides a useful

information on what really occur to the bone when the

tooth is moved. Previous studies used cusp tips or root
apexes as references for measuring molar inclination
changes."”” Measurements using these landmarks can be
affected by root resorption or occlusal attrition occurs.
In this study, we used anatomical landmarks that were
minimally affected by root resorption, occlusal attrition, or
molar rotation, i.e., the central pit and furcation, thereby
reducing the likelihood of measurement errors over time.

Some limitations are worth mentioning. The
sample size is rather small. A longer period of study
involving larger number of patients should be emphasized
to evaluate the periodontal adaptation and stability
after expansion. Assessing the effect of growth status
and gender may provide useful information on the factors
affecting dental and bone changes due to expansion.
A prospective comparison with other types of expander
is required to confirm the efficacy, benefits and cost-
effectiveness of the technique employed in this study.

Based on the results observed, light controlled-
tipping expansion with a straight rectangular TMA® wire could
be beneficial for a patient who needs maxillary arch expansion
with minimal buccal crown tipping. However, the procedure
must be performed with caution since there is a lag between
alveolar bone remodeling and tooth movement, causing
the reduction of buccal alveolar bone thickness. This warning
should be emphasized to patients who have thin buccal

alveolar bone.

Conclusion

When the maxillary dental arch was expanded
using a straight rectangular TMA® wire in combination with
full-fixed edgewise appliances in young adult patients, the
following conclusions could be drawn:

1. The first molars moved buccally with controlled
tipping manner. No dental extrusion was found.

2. Reduction of bucco-crestal thickness, but increases
of palatal bone were observed. Alveolar bone height was
maintained. Outer surface of buccal bone at the crestal
level displaced buccally.

3. Changes of alveolar bone thickness were significantly
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correlated with the amount of arch expansion, rate of

expansion, and initial corresponding bone thickness.
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Abstract

Osteoporosis is one of the major public health problems of the world. The disease causes the loss of bone
mass and degeneration of bone microarchitecture resulting in decreased bone strength and osseointegration process
is also affected in implant patient. In the past decade, a large number of research on various natural products has
been conducted to find a way to prevent osteoporosis and promote osteogenesis. It has been revealed that adlay
extract can increase cell proliferation and upregulates alkaline phosphatase activity, calcium level and bone density in
mouse model. However, there is a lack of the study on the effect of adlay extract on primary human osteoblasts.
This research thus aimed to examine the cytotoxicity and in vitro calcification of adlay extract on human osteoblasts.
Cytotoxicity was evaluated using MTT assay, testing adlay extract at concentration of 3, 15, 30, 150, 300, and 600
pg/ml prepared in DMEM with 2 % and 15 % fetal bovine serum (FBS) at 24, 48, and 72 hours. Alizarin Red-S staining
was used to analyze in vitro calcification of osteoblasts cultured in DMEM containing 15 % FBS and different
concentrations of adlay extract and at 14 and 21 days. Results from this study showed that 3-600 pg/ml adlay
extract had no toxic effect on primary human osteoblasts, and that 150, 300 and 600 pg/ml adlay extract promoted
cell proliferation when compared to control group at 72 hours in both 2 % and 15 % FBS in DMEM. Furthermore,
3-600 peg/ml adlay extract increased in vitro calcification. This study served as initial information for its future use

for surface modification of dental implant in patient with osteoporotic bone.
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Figure 1  Primary human osteoblast cell viability cultured in DMEM containing adlay extract at various concentrations and 2 % FBS at 24 (A),

48 (B) and 72 (C) hours incubation. Data were presented as the mean + SD (n=3). # indicates significant difference between Triton-x

and other groups. a, b, ¢, d, e indicates significant difference compared to 0, 3, 15, 30 and 150 ug/ml adlay, respectively (p<0.05).
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Figure 2 Primary human osteoblast cell viability cultured in DMEM containing adlay extract at various concentrations and 15 % FBS at 24 (A),

48 (B) and 72 (C) hours incubation. Data were presented as the mean + SD (n=3). # indicates significant difference between Triton-x

and other groups. a, b, ¢, d indicates significant difference compared to 0, 3, 15, 30 and 150 ug/ml adlay, respectively (p<0.05).
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Abstract

The aim of this study was to determine gingival phenotype prevalence and characteristics in maxillary incisors
in young adults. The maxillary incisors of 100 periodontally healthy subjects (mean age 22.20+0.84 years) were
examined by 2 calibrated examiners. The gingival phenotype was identified using transparency probing and visual
inspection. Clinical parameters; probing depth, gingival recession, clinical attachment level, gingival width, papilla
height, and tooth shape were determined. Descriptive analysis was performed and the clinical parameters between
gingival phenotypes were compared using the t-test and ANOVA. The result demonstrated that maxillary incisor
teeth displayed a thin phenotype (66 %) when assessed using probe translucency. The gingival phenotype was
associated with tooth shape (p<0.01). Thin gingival phenotype showed significantly narrower gingival width, but higher
papilla height compared with the thick phenotype (p<0.001). A scalloped gingival contour was noted when the
papilla height was more than or equal to 4 mm. A thick-flat, thick-scalloped, and thin-scalloped contour was associated
with square, ovoid, and triangular tooth shape, respectively. In conclusion, most subjects demonstrated a thin
gingival phenotype. The thin phenotype was associated with higher papilla height and triangular tooth shape, while

the thick phenotype was associated with broader keratinized tissue width and ovoid/square tooth shape.
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Introduction

Variations in the shape of teeth and periodontium
between individuals have been observed for many years."
In 1969, Ochsenbein and Ross identified two types of gingiva
architecture; scalloped-thin and flat-thick, depending
on the underlying bone morphology and tooth shape.”
Subsequently, several terms were proposed to describe
the morphologic characteristics of gingiva. Soft tissue
characteristics were defined as gingival phenotype or
gingival biotype.” The term periodontal biotype® and
periodontal morphotype® were also used to determine
gingival morphology related to tooth shape, crown
height, and gingival and bone morphology. Subsequently,
gingival thickness, keratinized tissue, and tooth dimension
were used to determine periodontal phenotype.’

The gingival phenotype has a significant impact
on treatment outcome. The thin phenotype has higher
risk of gingival recession and complete interdental papilla
fill after an immediate implant placement.” Higher
amount of marginal bone loss was observed in thin
gingival phenotype. Other trauma or inflammation results
in gingival recession in thin phenotype, while pocket
formation is seen in thick phenotype."® Thick gingival
phenotype demonstrated thick underlying bone.” Thus,
minimal ridge resorption is occurred after surgery, leading
to more predictable result.” The gingival phenotype
was found to be the most significant factor to determine
the facial gingival margin in dental implants."

The gingival phenotype can be determined
using several methods. Direct measurement is the most
accurate method to determine gingival thickness*' however,
the injection to anaesthetize the tissue can traumatize
the gingiva and create discomfort. Alternative methods
were proposed, using a periodontal probe seen through
the gingiva' or visual assessment." Some technologies such
as ultrasound and Cone Beam Computed Tomography
(CBCT) can be also be used to determine gingival thickness
with minimal tissue trauma and better accuracy.”>'®
However, transparency probing and visual assessment

are still more practical and widely used due to their simplicity.

Gingival contour is the appearance of gingival
morphology in relation to teeth. It can be either flat or
scalloped contour. Along with the visual assessment,
the gingival contour can be classified into 3 categories;
thin-scalloped, thick-flat and thick-scalloped contour.™"’

[t has been shown that different population
represented different gingival phenotype and contour.™
To our knowledge, the gingival phenotype of maxillary
incisors in relation to other clinical parameters is still
inconclusive. Thus, the aim of the present study was
determine the characteristics of gingival phenotype in
to the maxillary incisors of a young adult periodontally

healthy population.

Materials and Methods

Subjects

The study protocol was approved by the Ethics
Committee, Faculty of Dentistry, Chulalongkorn University
(Study ID: 3200502#45/2013) and has been conducted
in full accordance with the World Medical Association
Declaration of Helsinki. A hundred and five dental students
from the Faculty of Dentistry, Chulalongkorn University,
ages 20-24 participated in this cross-sectional study.
Sample size calculation was performed. The inclusion
criteria were; having all four maxillary anterior teeth, no
history of orthodontic treatment, and good oral hygiene
and gingival health. Subjects were excluded if there
were clinical signs of periodontal disease defined as
having pockets exceeding 3 mm or taking medications
with any known effect on the periodontal soft tissues.
Oral hygiene instructions, tooth polishing, and calculus
removal (if necessary) were provided to all subjects. All
subjects provided informed consent.
Clinical parameters

The intra- and inter-examiner reliability of the
clinicians who performed the clinical examinations was
determined. The Pearson’s correlation coefficient of inter-
and intra-examiner reliability was 0.666-1.000 (p<0.01) and
the corresponding kappa statistic was 0.767-1.000 (p<0.01).
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Six clinical parameters were evaluated by two
calibrated clinicians (KK and PS) as follows:
1. Gingival phenotype was assessed using two methods.

1.1) Transparency probing

The evaluation was based on the transparency
of the periodontal probe (CPU 15 UNC, Hu-Friedy, Chicago,
IL, USA) through the gingival margin while probing the
sulcus at the mid-facial aspect of the 4 incisors. If the
outline of the underlying periodontal probe could be
seen through the gingiva, it was categorized as thin; if
not, it was categorized as thick" (Fig. 1).

1.2) Visual inspection

Gingival contour was categorized into 3 types:
Thin-scalloped, Thick-flat, and Thick-scalloped gingiva™,
based on gingival curvature and morphology by visual
assessment. Clinical photos of the upper anterior teeth
were taken and evaluated to confirm the clinical findings.
2. Probing depth (PD)

A periodontal probe (CPU 15 UNC, Hu-Friedy,

Chicago, IL, USA) was used to measure the PD to the nearest

0.5 mm at the mid-facial, mesio-facial, and disto-facial aspect
of the four incisors.
3. Gingival recession (RE)

The distance between the free gingival margin
and the cemento-enamel junction was measured at the
mid-facial, mesio-facial, and disto-facial aspect of the
four incisors using the same periodontal probe. A positive
number was recorded if there was gingival recession.
4. Gingival width (GW)

This parameter was defined as the distance
from the free gingival margin to the mucogingival junction.
The same periodontal probe was used to measure at
the mid-facial to the nearest 0.5 mm.

5. Papilla height (PH)

PH was defined as the distance from the top
of the interdental papilla to a line connecting the
mid-facial soft tissue margin of the two adjacent teeth.
PH was assessed to the nearest 0.5 mm using the same

periodontal probe at the mesial and the distal aspect

of both central incisors (Fig. 2).

Figure 1 llustration of thin (A) and thick (B) gingival phenotype by transparency probing method.

Sutthiboonyapan et al., 2019 305



Figure 2 Measurement of papilla height (PH).

6. Tooth shape (TS)

Visual inspection was performed to categorize
tooth shape™ as follows:

- Square shape was defined as a tooth with
parallel interproximal lines.

- Triangular shape was defined as a tooth with
flared interproximal lines from the gingival margin to
the incisal edge.

- Oval shape was defined as a tooth with interproximal
lines that curved towards each other incisally and cervically.
Statistical analysis

The descriptive data; tooth shape, gingival
phenotype of each tooth, was used to categorize each
subject. The characteristics presented in most of their
anterior teeth was used, otherwise, those of the central
incisors were used.

Descriptive analysis was performed to determine
the prevalence of gingival phenotype and tooth shape.
Associations between gingival phenotype and gender
and tooth shape were analyzed using the Chi-square test.
The difference between clinical parameters and gingival
phenotype was analyzed using the independent t-Test
and ANOVA after testing for normal distribution with the
Kolmogorov-Smirnov test (SPSS version 16, SPSS Inc.,
Chicago, IL, USA). A significance level of O = 0.05 was used.

Based on the exclusion criteria, 100 periodontally
healthy Thai dental students with 400 maxillary incisors
were examined. The subjects comprised 42 males and
58 females with a mean age of 22.20+0.84 years.

The majority of the subjects (66 %) had thin
gingival phenotype when assessed by probe translucency,
and 42 % had a thin-scalloped gingiva contour. The same
trend was also demonstrated in both central and lateral
incisors (data not shown). There was no significant difference
between gender and gingival phenotype (Table 1).

The periodontal parameters of the central (Cl)
and lateral incisors (LI) were similar (Table 2). There were
no differences in mean PD and RE between thick and
thin gingival phenotypes. However, the maxillary central
and lateral incisors with a thick gingival phenotype had
a significantly wider GW and lower PH compared with
teeth with a thin phenotype (GW=5.51+1.10vs. 4.84+1.21
mm; PH=4.23+0.74 vs. 3.84+0.94 mm; p<0.01). Moreover,
subjects with thick-flat gingiva demonstrated a significantly
lower PH than those with thick-scalloped and thin-
scalloped gingiva (3.06+0.66 vs. 4.41+0.56 and 4.38+0.65
mm, respectively) (p<0.01). A flat gingival contour was
observed when the PH<4 mm in 90 % of the subjects
while over 70 % of the subjects had a scalloped gingival

contour when the PH was >4 mm (Table 1).
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The prevalence of tooth shape when categorized
into ovoid, square, and triangular teeth was 33 %, 38 %
and 29 %, respectively. Ovoid and square tooth shape
was the most common found in females (37.90 %), while
square tooth shape was the most prevalent in males
(38.10 %). There was no significant association between

tooth shape and gender. However, a strong association

between gingival phenotype and tooth shape was found
(p<0.01). A thick gingival phenotype was associated with
square and ovoid teeth, while a thin gingival phenotype
was associated with square and triangular teeth. Significant
associations were found between thick-flat gingiva and
square teeth, thick-scalloped gingiva and ovoid teeth, and

thin-scalloped gingiva and triangular teeth (Fig. 3, Table 3).

N7

Figure 3 Different tooth shape presented in different gingival phenotype. A) Square teeth with thick-flat gingiva. B) Triangular teeth

with thin-scalloped gingiva. C) Ovoid teeth with thick-scalloped gingiva.
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Table 1 Distribution of gender, gingival width, and papilla height according to gingival phenotype and gingival contour.

Gender PH
Male Female <5 mm =5 mm <4 mm 24 mm

Gingival phenotype

- Thick 17 (40 %) 17 (29 %) 7 (20 %) 27 (80 %) 21 (62 %) 13 (38 %)

- Thin 25 (60 %) 41 (71 %) 37 (56 %) 29 (44 %) 19 (29 %) a7 (71 %)
Gingival contour

- Thick flat 8 (19 %) 15 (26 %) 2(8 %) 21 (92 %) 21 (91 %) 2(9 %)

- Thick scalloped 19 (45 %) 16 (27 %) 15 (43 %) 20 (57 %) 8 (23 %) 27 (77 %)

- Thin scalloped 15 (36 %) 27 (47 %) 27 (64 %) 15 (36 %) 11 (26 %) 31 (74 %)

Table 2 Comparison of clinical parameters between gingival phenotype and gingival contour (mean (SD))

Gingival phenotype

Gingival Contour

Thick Thin Thick flat Thick scalloped Thin scalloped
PD (mm)
@ 1.78 (0.40) 1.77 (0.30) 1.74(0.37) 1.81 (0.39) 1.76 (0.25)
LI 1.76 (0.31) 1.82 (0.30) 1.80 (0.30) 1.83 (0.35) 1.80 (0.29)
RE (mm)
@ -1.70 (0.41) -1.60 (0.53) -1.62 (0.42) -1.79(0.41) T -1.50 (0.57)
LI -1.70 (0.49) -1.56 (0.49) -1.67 (0.49) -1.64 (0.49) -1.54 (0.49)
GW (mm)
cl 5.51(1.10) 4.84 (1.21) ** 5.96 (1.05) 511 (1.19) ++ 4.54 (1.01)
LI 5.48 (1.25) 4.82(1.21) * 5.87 (1.21) 4.95 (1.10) + 4.58 (1.10) **
PH (mm)
cl 3.84 (0.94) 4.23(0.74) * 3.06 (0.66) 4.41 (0.56) ++ 4.38 (0.65) **
LI 3.35(0.98) 3.83 (0.72) ** 2.86 (0.76) 3.97 (0.64) t+ 4.03 (0.61) *
*  significant difference between thick&thin P < 0.01
**significant difference between thick&thin P < 0.001
+ significant difference between thick flat&thin scalloped P < 0.01
#+ significant difference between thick flat&thin scalloped P < 0.001
1 significant difference between thick flat&thick scalloped P < 0.01
1t significant difference between thick flat&thick scalloped P < 0.001

Table 3 The relationship between gingival parameter and tooth shape.

Gingival parameter

Tooth shape (%)

ovoid square triangular
Gingival phenotype Thick 47.10* 41.20* 11.80
Thin 25.80 36.40%* 37.90*
Gingival contour Thick flat 39.10 56.50* 4.30
Thick scalloped 42.90% 31.40 25.70
Thin scalloped 21.40 33.30 45.20*

* statistically significance (p<0.05)
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Discussion

The present study evaluated the prevalence
and characteristics of gingival phenotype in Thai-young
adults. We found that the majority of subjects presented
with a thin gingival phenotype with scalloped gingival
contour. The subjects were dental students who tended
to have healthy periodontal condition and good oral
hygiene practice. Assessment of gingival phenotype
should be done only when the gingival tissue is not
inflamed. ;otherwise, misinterpretation can occur.

There is wide variation in the definitions used
to classify gingival phenotype. Some studies classified
the phenotype based on gingival thickness into thick
and thin phenotypes.*'*"> Other studies considered
tooth morphology in addition to gingival morphology
and thickness."*"* Currently, there is no consensus
definition and categorization of gingival phenotype."’
Thus, the term gingival phenotype was used in the
present study and evaluated using two methods.

We found that 66 % of the subjects had thin
gingival phenotype and thin-scalloped gingival contour.
This result is different from those of previous studies
which, overall, a thick gingival phenotype (51.90 %) was
found more often compared with a thin phenotype,
according to a systematic review.'" Difference in prevalence
of gingival phenotype between studies may be due to study
criteria in the examination or survey. In the systematic
review, entire anterior teeth and/or premolars were
included in the analysis, while only maxillary incisors were
evaluated in our study. However, the high prevalence
of a thin-scalloped gingival contour in our study was
similar to that of a previous investigation."

No association between gingival phenotype and
gender was found in our subjects, which is in agreement

20,21

with other studies.” However, in Caucasians and Indians,

a significant association was found between gender and

14,18

gingival phenotype.™ In these studies, male maxillary central
incisors were associated with a thick gingival phenotype
while those of females were associated with a thin gingival

phenotype. The prevalence of a specific gingival phenotype

may vary depending on ethnic genetic variations that impact
tooth morphology and the periodontium.*®

All subjects presented with a low PD, demonstrating
healthy periodontal status. The mean GW of the upper
incisors was 5.08+1.21 mm, which was similar to previous

studies.®**

Thus, 5 mm GW was used to classify subjects
in Table 1. GW represents the zone of keratinized gingiva
which the greatest width usually found in the maxillary
anterior region.” A wider zone of keratinized tissue width
was significantly associated with a thick phenotype,
while a narrower zone was significantly associated with
a thin phenotype. This relationship has been noted in other
studies.”"* Broad keratinized tissue zone in combination
with a thick gingival phenotype may lead to the low
incidence of gingival recession seen in those areas after
nonsurgical periodontal therapy.®

Transparency probing, and visual assessment were
used for gingival evaluation in our study. Transparency
probing was originally used for determining the gingival
thickness on the facial aspect of dental implants."
Subsequently, visual assessment was used as a simple
method for clinical practice.” However, a significant
difference between visual assessment versus transparency
probing and direct measurement was demonstrated.
Visual assessment always detected a thin phenotype
when the gingival thickness was less than 0.6 mm, and
a thick phenotype when the thickness more than 1 mm.
When using transparency probing, a thin phenotype was
detected if the gingival thickness was 0.6 mm while
finding a thick phenotype when the gingival thickness
was more than 1.2 mm."” The use of transparency probing
provides a similar assessment compared to using direct
measurement and thus, it is more reliable to evaluate
gingival thickness compared with visual assessment.

We found that in both thick and thin gingiva,
the PH seen in scalloped contour, which was usually
>4 mm, was significantly higher compared with that of
the flat type. It has been stated that a scalloped contour

will be assessed when the PH is >4 mm.* In the present
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study, the 4 mm PH was used to categorize patient to
determine gingival contour and our findings supported
the previous statement. This finding demonstrated that
although visual assessment was accurate for categorizing
the gingival contour as scalloped or flat, it is not accurate
for determining gingival thickness. Therefore, we suggest
that both methods should be used to analyze gingival
morphology. Gingival thickness should be assessed by
transparency probing and gingival contour should be
determined by visual assessment. Measuring PH and using
4 mm as the break point should be used to determine
the gingival contour leading to more accurate risk assessment.

Square tooth morphology was found the most
in our subjects. Females tended to have square and
ovoid tooth shape and males have square and triangular
tooth shape, however no significant association between
gender and tooth shape was found. Our results were different
from another study that showed females were associated
with triangular shape while males were associated with
square tooth shape.” The ethnicities of the subjects
between studies may explain these disparate findings.

The gingival contour affects the visual appearance
of tooth shape. The association between gingival phenotype
and tooth shape was shown in several studies."*"**°
Thick gingiva was associated with a square (short-wide)
tooth shape and thin gingiva was associated with a tapered
(long-narrow) tooth shape. We identified a scalloped
contour in both thick and thin phenotypes in teeth
where the interproximal lines converged cervically.
Moreover, a previous study determined that a scalloped
gingival contour was found along with slender teeth,
regardless of gingival thickness.'* In our study, tooth shape
was classified into 3 types and each type was significantly
associated with a different gingival contour. A thick-flat
gingival contour was associated with square teeth, a
thick-scalloped gingival contour was associated with
ovoid teeth, while a thin-scalloped gingival contour was
associated with triangular teeth.

In this study, we included subjects with no
history of orthodontic treatment, because tooth position

may affect the gingival phenotype. If the teeth are not

in alignment in a facio-palatal position, different gingival
thicknesses and tooth morphology may be present
between teeth. This condition may result in different
gingival phenotypes/contours seen between the left
and right central and lateral incisors. Thus, representative
characteristics needed to be determined at the subject
level. The process used to determine the subject level
characteristics was based on previous studies.'”™

The present study highlights the possible impact
of ethnicity on teeth and soft tissue variations. Thai
young adults tend to have a thin gingival phenotype
and slender teeth, thus, may have higher esthetic risk
after dental treatment. Clinicians should be aware of
these differences to modify the patient’s treatment
plan accordingly to each individual. A future study may
be conducted to determine gingival phenotype using
ultrasound or CBCT in addition to the two gingival
assessment methods used in our study to confirm the
reliability of the assessment. A long-term esthetic risk
assessment on maxillary anterior teeth should also be

performed amongst different gingival phenotype.

Conclusions

A thin gingival phenotype with scalloped gingival
contour was most commonly found in the maxillary
incisors of this Thai-young adult group. A thin phenotype
was associated with slender teeth, higher papilla height,
and narrower gingival width, while a thick phenotype
was associated with square teeth, less papilla height, and
wider gingival width. Transparency probing in combination
with visual assessment should be used for optimally
evaluating the gingival phenotype. The identification of
a scalloped gingival contour can be confirmed when
the papilla height is > 4 mm. Gingival phenotype and
contour should be determined in routine periodontal

examination.
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Abstract

This study aimed to investigate the association between skeletal bone mineral density (BMD) and periodontitis in
postmenopausal women of the Electricity Generating Authority of Thailand (EGAT) workers. This cross-sectional
study comprised of 395 postmenopausal women, aged 35-82 years old. BMD was assessed at three skeletal sites
by using dual-energy X-ray absorptiometry. BMD values at each site were converted into T-scores. The t-score at
the worst site was used to categorize each participant into osteoporosis, osteopenia, or normal BMD groups. The
periodontal assessments included probing depth (PD), clinical attachment level (CAL), plaque score, and number
of remaining teeth. The participants were classified into the no/mild periodontitis or moderate/severe periodontitis
groups. The mean BMD between the periodontitis groups and the mean periodontal variables between BMD categories
were compared. The degree of association between the BMD groups and periodontitis, adjusted for known confounders,
was analyzed using binary logistic regression. Comparing the two periodontitis groups, there was no significant difference
in the mean BMD at any skeletal sites or at the worst site. Among the BMD groups, there was no significant difference
in mean number of remaining teeth, mean PD, and mean plagque score, while the mean CAL difference of 0.3 mm
was demonstrated between the osteopenia and osteoporosis groups. (P<0.001). After adjusting for confounders,
there was no significant association between osteoporosis and periodontitis in postmenopausal participants, whereas
increasing age and plaque score > 40 % were the factors significantly associated with moderate/severe periodontitis
(P<0.05). There was no significant association between osteoporosis and periodontitis in postmenopausal women
of the EGAT population. However, studies in various populations should confirm this finding.
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Introduction Materials and Methods

Periodontitis is a chronic inflammatory disease.
Besides the bacterial plaque biofilm which is the key
etiologic factor of periodontitis; other factors, such as
genetics, smoking, and various systemic conditions may
also trigger the host immune system and hasten the
disease progression.' In the literature, osteoporosis is
one of the potential risk factors leading to a more severe
periodontal breakdown.'

Osteoporosis is a systemic skeletal bone disease
that results in decreased bone mineral density (BMD),
weakened bone architecture, and increased risk of bone
fracture.” This condition is usually found in the elderly
and especially in postmenopausal women.” Previous
surveys with Thai women aged 40-80 years old,” according
to the Thai BMD reference, showed that the prevalence
of osteoporosis and osteopenia was 14-20 % and 27-37 %,
respectively. Both osteoporosis and periodontitis are chronic
diseases demonstrating cumulative effect with age and
feature bone loss. Moreover, these two diseases share
several common risk factors including age, sex, body
size, socioeconomic status, smoking, diabetes, and alcohol
consumption.” Therefore, there is a biological possibility
that periodontal destruction is influenced by systemic
bone loss.”*

Associations between decreased BMD or
osteoporosis and periodontitis were well documented
in the literature; however, the association of these two
diseases in postmenopausal women was still inconclusive.'
This may be attributed to the differences in sample size,
population groups, methods of investigation, and surrogate
outcomes of periodontal disease. Only one study’ reported
the association between osteoporosis and periodontal
disease in the Thai population. However, the influence
of confounding factors was not analyzed. Therefore, the
objective of this study was to investigate the association
between skeletal BMD and periodontitis, controlling for known
confounding factors, in a large sample of postmenopausal
women of the Electricity Generating Authority of Thailand
(EGAT) population.

This cross-sectional study was conducted on
postmenopausal women who were current and ex-employees
of the EGAT with the initial aim of studying cardiovascular
risk factors. The survey was extended to investigate
skeletal BMD and periodontal disease. The cohort
profile of the EGAT surveys has been previously described.”
Our study included two consecutive participant groups,
174 participants (35-60 years old) from the second
survey of the third cohort (EGAT 3/2, June-August 2014),
and 221 participants (60-82 years old) from the fifth
survey of the first cohort (EGAT 1/5, June-August 2012).

The study protocol was approved by the Human
Research Ethics Committee of the Faculty of Dentistry,
Chulalongkorn University and the Institutional Review
Board and Committee on Human Rights Related to
Research Involving Human Participants, Faculty of Medicine,
Ramathibodi Hospital, Mahidol University, Thailand. The
participants gave informed consent prior to the studly.
The participants’ sociodemographic and health-related
characteristics including age, diabetes, body mass index
(BMI), smoking status, alcohol consumption, monthly
income, education level, medications (including calcium/
vitamin D supplements, hormone replacement therapy,
and anti-bone resorption drugs) and menopausal age
were acquired via questionnaires, interviews, physical
examinations, and laboratory tests of blood chemistry
by trained personnel from Ramathibodi Hospital. The
data were stratified as shown in Table 1.

The participants’ BMD was assessed using dual
energy X-ray absorptiometry (DXA) analysis unless they
met any of the exclusion criteria or conditions potentially
affecting bone metabolism or DXA analysis: 1) any lesions
or artifact at the L1-L4 vertebrae, 2) low-energy fracture
at any site, 3) traumatic fracture involving the spine or
femur, 4) any treatment and/or illness expected to
affect bone metabolism except calcium/vitamin D
supplementation, hormone replacement therapy, and
anti-bone resorption drugs, 5) spinal surgery (such as

orthopedic implant, laminectomy, or vertebroplasty),
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6) early or surgical menopause and/or orchiectomy, or
7) scoliosis of the lumbar spine, with a Cobb angle of
more than 20 degrees.’

The BMD assessment was performed as previously
described.” The participants underwent DXA (QDR
4500W; Hologic, Bedford, MA) at the lumbar spine (L1-L4)
and left proximal femur (femoral neck and total hip). A
daily quality control procedure was performed every
morning, using a spine phantom, to assure an accuracy
of the machine to be greater than 98.5 %. The participant’s
examined site BMD was converted to the T-score using
the mean BMD and standard deviation (SD) of the three
skeletal sites from non-Hispanic white women aged
20-29 years old from the United States National Health
and Nutrition Examination Survey (US NHANES)" as
normal reference values.”

T-score = patient’s BMD- mean BMD of young normal adults
SD of BMD of young normal adults

The worst site T-score in each participant was
used to categorize the participant’s BMD status into the
groups according to the WHO guidelines:’ (1) osteoporosis:
T-score > 2.5 SD below the reference values; (2) osteopenia:
T-score ranged from 1-2.5 SD below the reference values;
(3) normal: T-score above the osteopenia cutoff.

Participants who were at risk for bacterial endocarditis
or hematogenous joint infection, undergoing hemodialysis,
or requiring antibiotic prophylaxis were excluded from the
dental examinations. Individuals who were fully edentulous
or unwilling to have a dental examination were also excluded.
The dental examinations, similar to the previous EGAT study

|,* consisted of the determination of the number

protoco
of remaining teeth, presence of supragingival plaque,
probing depth (PD), and gingival recession (RE). All fully
erupted teeth, except third molars and retained roots
were examined. The presence of supragingival plaque
was assessed by running a probe across two sites per
tooth: mesio-buccal and mid-buccal aspects in quadrants
1 and 4 and mesio-lingual and mid-lingual aspects in
quadrants 2 and 3. PD and RE were measured using a

PCP-UNC15 probe in millimeters and were rounded down

to the nearest millimeter on six sites per tooth: mesio-buccal,
mid-buccal, disto-buccal, mesio-lingual, mid-lingual, and
disto-lingual. The PD was the distance from the free gingival
margin to the bottom of the gingival sulcus/pocket. The
RE was the distance from the cementoenamel junction
(CB)) to the free gingival margin. The clinical attachment level
(CAL), was the sum of the PD and RE.”” The examinations
were performed by eight periodontists who were calibrated
for the periodontal measurements prior to the survey. The
intraclass correlation coefficient (ICC) for the inter-examiner
agreement on PD and RE was 0.83 and 0.86, respectively.
The intra-examiner agreement on PD was 0.87-0.94 and
for RE was 0.94-0.99. The percent of inter-examiner agreement
(within £1 mm) for PD and RE was 99.75 % and 100 %,
respectively. The percent of intra-examiner agreement for
PD and RE was 99.02 % - 100 % and 100 %, respectively.
At the end of the dental examination, each participant
was given a report of their dental treatment needs.

The periodontitis case definitions of the Centers
for Disease Control and Prevention-American Academy
of Periodontology (CDC-AAP)” were used to define the
participants” periodontal condition as stated: “no periodontitis:
no evidence of mild, moderate, or severe periodontitis;
mild periodontitis: >2 interproximal sites with CAL >3 mm,
and >2 interproximal sites with PD >4 mm (not on the same
tooth) or 1 site with PD >5 mm; moderate periodontitis:
>2 interproximal sites with CAL >4 mm (not on the same
tooth), or >2 interproximal sites with PD >5 mm (not at
the same tooth); severe periodontitis: >2 interproximal
sites with CAL > 6 mm (not on the same tooth) and >1
interproximal site with PD 5 mm.” For data analyses, the
participants were categorized into two periodontal groups
based on different clinical treatment needs:* (1) no/mild
periodontitis and (2) moderate/severe periodontitis.

All analyses were performed using a standard
software package (IBM SPSS, Statistics for Windows,
Version 24.0, IBM Corp., Armonk, NY). The participants’
variables were described as frequency distributions and/
ormean = SD. The independent sample t-test was used

to compare the mean skeletal BMD between the two
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periodontal groups. One-way analysis of variance (ANOVA)
with Bonferroni post-hoc test was used to compare the
mean periodontal variables between BMD status. The
association between BMD status and periodontitis were
determined using the Pearson’s chi-square test. Binary
logistic regression analysis was used to investigate the
degree of association between BMD status and the risk
of having moderate/severe periodontitis, along with
other variables of interest. These variables were age,
plaque score, diabetes, BMI, smoking, alcohol consumption,
income, education, medications (calcium/vitamin D
supplements, hormone replacement therapy, and anti-bone

resorption drugs) and menopausal age. Variables were also

used to adjust for confounding effects. The crude (unadjusted)
and adjusted odds ratios (ORs) and their confidence
intervals (Cls) were calculated for each variable. For all

statistical tests, significance was considered at P<0.05.

Of the 494 postmenopausal participants, 99
individuals were excluded due to incomplete medical
or dental records, leaving 395 participants in the study.
The participants’ sociodemographic and health-related
characteristics according to the periodontal status are

demonstrated in Table 1.

Table 1 Characteristics of participants according to the periodontal status

Moderate/severe

. No/mild periodontitis® . o Total .
Characteristic periodontitis P value
(n=89) (n=395)
(n=306)
Age (years), mean + SD 56.0 + 10.3 62.4 + 8.4 61.0+9.2 <0.001
Plaque score, n (%)
80-100% 12 (13.5) 112 (36.6) 124 (31.4) <0.001
40-79% 59 (66.3) 161 (52.6) 220 (55.7)
0-39% 18 (20.2) 33(10.8) 51(12.9)
BMD status, n (%)
Normal 11 (12.4) 39 (12.7) 50 (12.7)
Osteopenia 54 (60.6) 152 (49.7) 206 (52.1) 0.15
Osteoporosis 24 (27.0) 115 (37.6) 139 (35.2)
Diabetes, n (%)
Poorly controlled (HbA1c>7%) 4(4.5) 19 (6.3) 23 (5.8) 0.54
Well controlled (HbA1c<7%) 6 (6.7) 13 (4.2) 19 (4.8)
No 79 (88.8) 274 (89.5) 353 (89.4)
BMI (kg/m?),n (%)
Underweight (<18.5) 6 (6.7) 13 (4.2) 19 (4.8) 0.07
Normal (18.5-22.9) 42 (47.2) 111 (36.3) 153 (38.7)
Overweight (>23) 41 (46.1) 182 (59.5) 223 (56.5)
Smoking status, n (%)
Current smokers 0(0.0) 2(13.0) 2(0.5) <0.001
Former smokers 0(0.0) 13 (31.5) 13 (3.3)
Non-smokers 89 (100.0) 291 (55.5) 380 (96.2)
Alcohol consumption, n (%)
Current drinkers 3(3.4) 4.(1.3) 7(1.8)
Former drinkers 21 (23.6) 70 (22.9) 91 (23.0) 0.42
Non-drinkers 65 (73.0) 232 (75.8) 297 (75.2)
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Table 1 Characteristics of participants according to the periodontal status (cont.)

No/mild periodontitis® Moderate/severe Total
Characteristic periodontitis® P value®
(n=89) (n=395)
(n=306)

Income (Baht/month), n (%)
< 20,000 15 (16.9) 84 (27.5) 99 (25.1) 0.01
20,000-49,999 25(28.1) 107 (35.0) 132 (33.4)
> 50,000 49 (55.1) 115 (37.6) 164 (41.5)
Education level, n (%) 0.23
< Bachelor’s degree 21 (23.6) 94 (30.7) 115(29.1)
> Bachelor’s degree 68 (76.4) 212 (69.3) 280 (70.9)
Medications®, n (%) 0.71
Yes 19 (21.3) 71(23.2) 90 (22.8)
No 70 (81.7) 235 (76.8) 305 (77.2)
Menopausal age (years),
mean + SD 47.2 £ 5.4 485 + 55 482 + 55 0.06

CDC-AAP periodontitis case definitions."

®Independent sample t-test for continuous data; Pearson’s chi-square test for categorical data.

‘Medications comprised of calcium/vitamin D supplements, hormone replacement therapy, and anti-bone resorption drugs.

The participants’ age ranged from 35 to 82
years old (mean = SD = 61.0 + 9.2). The prevalence of
moderate/severe periodontitis was 77.5 %. Only 12.9 %
of the participants had fair oral hygiene (plaque score
<40 %). The prevalence of diabetes was 10.6 %, with
5.8 % poorly controlled and 4.8 % well controlled diabetes.
More than half (56.5 %) of the participants were overweight.
Only 3.8 % reported ever smoking, of which only two
participants (0.5 %) were current smokers. In addition,
1.8 % of the participants currently drink alcohol. Less
than half (41.5 %) of the participants had a monthly
income of at least 50,000 Thai Baht. Moreover, 70.9 %
of the participants had at least a bachelor’s degree.
Postmenopausal women comprised of 44 % of the

total female participants of the two surveys. The mean age

at menopause was 48.2 + 5.5 years. Of these participants,
6.1 % had premature menopause’ (<40 years of age);
14.7 % had early menopause® (40 to <45 years of age).
Almost 23 % of the study participants (22.8 %) received
medications that enhanced or stabilized their BMD including
calcium (22 9%)/vitamin D supplements (3.5 %), hormone
replacement therapy (1 %), and anti-bone resorption
drugs (0.3 %). Comparing the two periodontal status
groups, there were significant differences in age, plaque
score, smoking status and income observed.

The participants’ BMD status according to their
periodontal status is shown in Table 1. The prevalence
of participants with osteopenia and osteoporosis was
52.1 % and 35.2 %, respectively. The mean BMD according

to periodontal status is demonstrated in Table 2.

Table 2 BMD according to the periodontal status (Mean + SD) (g/cm’)

Sites of measurement

No/mild periodontitis

Moderate/severe periodontitis

Femoral neck* 0.658 + 0.107 0.646 + 0.114
Total hip* 0.838 + 0.126 0.816 + 0.126
Lumbar spine* 0.877 + 0.120 0.840 + 0.132
The worst site* 0.658 + 0.107 0.646 + 0.113

*No significant difference between periodontal status (P>0.05), by using independent sample t-test.
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Among the three skeletal sites examined, the
femoral neck most commonly demonstrated the worst site
BMD with a prevalence of 99.2 %. There was no significant
difference in the mean BMD at any skeletal sites or at the
worst site between the two periodontal groups.

Pearson’s correlation coefficients between the
worst site BMD and periodontal variables are shown in Table 3.

The worst site BMD significantly correlated with
the number of remaining teeth (r=0.15) and mean CAL
(r=-0.14) (P<0.05), but was not significantly correlated
with mean PD and plaque score.

The participants’ periodontal variables according

to the BMD status are illustrated in Table 4.

The mean periodontal variables between the
BMD status groups were compared using ANOVA. There was
no significant difference in the mean number of remaining
teeth, mean PD, and mean plaque score between the
BMD groups. The mean CAL of the osteoporosis sroup
was higher than the osteopenia and normal BMD groups.
A significant difference in the mean CAL between the
osteopenia and osteoporosis was observed with the
mean difference of 0.3 mm (P= 0.03).

The association between BMD status and
periodontitis was identified by the Pearson’s chi-square

test Figure 1.

Table 3 Correlation between the worst site BMD and periodontal variables

Number of remaining teeth Plaque score Mean PD Mean CAL
The worst site BMD 0.15% -0.03 0.05 -0.14*
* Significant correlation at P<0.05, by using Pearson’s correlation coefficients.
Table 4 Periodontal variables according to the BMD status (Mean + SD)
Number of Plaque score Mean PD Mean CAL*
Variables
remaining teeth (mm) (mm)

Normal (n=50) 236+ 58 63.4 +21.5 23+ 0.6 2.6 +0.9
Osteopenia (n=206) 23.7+53 65.3 +23.8 22+05 26 +0.9
Osteoporosis (n=139) 218 £ 6.6 67.2 +23.7 23+05 29+12
Total (n=395) 227 +59 65.7 + 23.5 22+05 27+10

* Significant different between the osteoporosis and osteopenia groups (P=0.03) with the mean CAL difference of 0.3 mm, using ANOVA and

Bonferroni post-hoc analysis.

P-0.15 mno/mild perio = moderate/severe perio
0,
78.0% 73.8% BT
22.0% 0
I° 26.“’ 17.3%
NORMAL OSTEOPENIA OSTEOPOROSIS

Pearson’s chi square test

Figure 1 Proportion of participants in the 2 periodontitis groups according to the BMD status.
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The percentage of participants with periodontitis
was the highest in the osteoporosis group, with descending
percentages found in the normal and osteopenia groups.
In contrast, the percentage of the no/mild periodontitis
participants was the highest in the osteopenia group,

with descending percentages found in the normal and

osteoporosis groups. However, there was no significant
association between the periodontitis sroups and BMD
status observed (P=0.15).

The degree of association between BMD status
and periodontitis was analyzed using binary logistic

regression (Table 5).

Table 5 Crude and adjusted odds ratios and 95% confidence intervals for the risk of moderate/severe periodontitis in the study population.

Crude* Adjusted*
Variables
OR 95%Cl OR 95%Cl

Age (1 year) 1.09 1.06-1.12° 1.09 1.06-1.13°
Plague score

80-100 % 5.09 2.23-11.64° 5.94 2.47-14.27°
40-79 % 1.49 0.78-2.84 1.84 0.91-3.71
0-39 %°

Bone status

Osteoporosis 1.35 0.61-3.01 0.70 0.29-1.70
Osteopenia 0.79 0.38-1.66 0.61 0.27-1.34
Normal®

Diabetes

Poorly controlled 1.37 0.43-4.14 - -
Well controlled 0.63 0.23-1.70

No*

BMI (kg/m?)

Overweight 1.68 1.03-2.74 - -
Underweight 0.82 0.29-2.30

Normal®

Alcohol consumption

Current drinker 0.37 0.82-1.71 - -
Former drinker 0.93 0.53-1.64

Non-drinker®

Income (Baht/month)

<20,000 2.37 1.25-4.54' - -
20,000-49,999 1.82 1.05-3.16"

> 50,000°

Education 1.44 0.83-2.48 - -

< Bachelor’s degree

> Bachelor’s degree’

Medication” (yes) 1.21 0.64-2.30 - -
Menopausal age (lyear) 1.00 0.95-1.06

“reference group

*Medications comprised of calcium/vitamin D supplements, hormone replacement therapy, and anti-bone resorption drugs.
* ORs and 95% Cls were obtained by binary logistic regression analysis using individuals with no/mild periodontitis as the reference group.
Adjusted by age, plaque score, diabetes, BMI, alcohol consumption, income, education, medications, and menopausal age.

1 P <0.05 and >0.01.
+ P <0.001.
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In the unadjusted analysis, osteoporosis was not
significantly associated with moderate/severe periodontitis.
Increasing age (1-year increment), having a plaque score
>80 %, being overweight, and having an income less
than 50,000 Baht were significantly associated with
moderate/severe periodontitis. After adjusting for
confounders, increasing age, and having a plaque score
>80 %, were factors significantly associated with moderate/

severe periodontitis (P<0.001).

Discussion

The main objective of this study was to determine
the association between skeletal BMD and periodontitis
in postmenopausal participants of the EGAT population.
In our study, the significant difference in the mean CAL
of 0.3 mm was demonstrated between the osteoporosis
and osteopenia groups, suggesting the greater severity
of periodontitis as BMD status worsened. However, the
association between osteoporosis and moderate/severe
periodontitis was not significantly demonstrated in the
bivariate logistic analysis after adjusting for age, plaque
score, diabetes, BMI, smoking habit, alcohol consumption,
income, education, medications (calcium/vitamin D
supplements, hormone replacement therapy, and anti-bone
resorption drugs) and menopausal age. When analyzing
the data using different periodontitis grouping (non-severe
and severe periodontitis groups), there were also no
significant association between osteoporosis and severe
periodontitis (data not shown). Our results correlated
with the findings of other studies,"*"” but may not concur
with several previous studies.”**

In our study, the mean BMD and standard
deviation of the non-Hispanic white women aged 20-29
years'' was used as a normal reference in calculating
T-score based on the WHO recommendations.” Even
though there was the recommendation of using the
normal reference mean of the same ethnic and sex,”*
there was not enough information regarding the mean
and standard deviation of skeletal BMD values of all

three examination sites in Thai women aged 20-29 years.

Worldwide prevalence of osteoporosis is difficult
to determine because of the differences in definitions
and diagnosis. In our study, the prevalence of osteopenia
and osteoporosis in participants aged 35-82 years old
was 35 % and 52 %, respectively. These findings were
similar to those of a Thai study.” Using the Thai BMD
reference, the prevalence of osteoporosis increased
after the age of 50, reaching a level of more than 50 %
after the age of 70.” According to the U.S. Department
of Health and Human Services 2010, 29 % of non-hispanic
white women was diagnosed as having osteoporosis.
The reason of the lower prevalence of osteoporosis in
Caucasians may be partly explained by the smaller
builds in our participants, as compared with the Caucasians.™
The bones in our participants are likely to be smaller due
to the areal-based nature.

In this study, the mean BMD differences between
the periodontal groups at various skeletal sites and at
the worst site ranged from 0.012 to 0.037 g/cm’. Even
though there was no significant difference in the mean
BMD between the periodontitis groups, it is important
to note that a decrease of 0.01 g/cm”/year in total hip
BMD is associated with an increased risk of fragility
fracture with adjusted odds ratio of 1.15 (95%Cl: 1.01;
1.32) in women.”

The periodontitis case definitions of the CDC-AAP
recommended for population-based surveillance of
periodontitis> was used in our study. The results demonstrated
that 79 % of our participants had periodontitis (data not
shown). Using the same CDC-AAP definitions, the prevalence
of periodontitis in asian american women age 30 years or
older from the NHANES 2011-2012 data™ was 37.4 %. The
almost 2-fold higher prevalence of periodontitis in our study
were mainly due to the large percentage of our participants
(87.4 %) with poor oral hygiene.

In our study, the worst site BMD was positively
correlated with number of remaining teeth and negatively
correlated with the mean CAL. However, when analyzing
the association between the BMD groups and mean

periodontal variables, there was no significant difference
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in the mean number of remaining teeth, mean PD and
mean plaque score between the BMD groups. In our
study, plaque score was assessed, while plagque index
or calculus index were evaluated in other studies.*™
Although different variables used to assess oral hygiene
status, our result was similar to previous studies'®'® that
reported no association between oral hygiene and BMD
status. The non-significant correlation between the
mean number of remaining teeth and mean PD found
in our study concurred with previous studies.'™**** One
study” reported no significant difference in periodontal
status as determined by PD, RE and gingival bleeding
between osteoporotic women and women with normal
BMD. Another study'’ reported no significant correlation
between systemic BMD and mean PD and number of
missing teeth in women aged 46-55 years old. Moreover, there
are two studies that reported a non-significant correlation
between skeletal BMD and number of remaining teeth™
and the deepest probing depth site per person® in
postmenopausal women. These study results suggest
that systemic bone mass may not be an important factor
in the pathogenesis of periodontitis in postmenopausal
women. In contrast, previous studies conducted with
asian postmenopausal women reported a lower mean
number of remaining teeth with worsening BMD status.”’
The longitudinal study in postmenopausal japanese
women’' reported decreased BMD of the lumbar spine
and femoral neck were associated with the number of
tooth loss. When interpreting results, it is important to note
that the underlying cause for tooth loss was often unknown.

Our finding of a negative correlation between the
worst site BMD or worsened BMD status and mean CAL was
similar to the cross-sectional study in Thai postmenopausal
women' that reported significant correlation between
decreased lumbar BMD and increased percentage site of
CAL 3-4 mm in the posterior teeth. However, that study
did not report the degree of association in the regression
model. In contrast, a study of postmenopausal caucasian
women’ reported no significant correlation between

skeletal BMD and CAL. However, they found a significant

correlation between skeletal BMD and interproximal
alveolar bone loss.

In our study, the significant difference in mean
CAL was observed only between the osteoporosis and
osteopenia groups. The non-significant difference in the
mean CAL between the osteoporosis and normal BMD
groups may be explained by the small sample size of
the normal BMD group. In the literature, the significant
inverse association between BMD and CAL were well
documented in postmenopausal women.”**"*** The
summary of the results were shown in the systematic
review and meta-analysis® which reported a mean CAL
difference of 0.3d mm between the osteoporosis and
normal BMD groups. The cohort study of postmenopausal
women from Buffalo Clinical Center of the Observational
Study”* reported significant associations between BMD
of the spine, forearm, whole body, the worst site T-score
and CAL among women without subgingival calculus
after adjusting for age, smoking habit, education level
and time since last dental cleaning. That study results
also suggested that age and oral hygiene were important
modifiers of the association between systemic BMD and
periodontal disease.

The effect of smoking as a confounder was not
analyzed in the binary logistic regression model since
there were only two smokers who participated in our study.
In the literature, early or premature menopause results
in decreased estrogen hormone leading to decreased
skeletal BMD and osteoporosis.”" In contrast, a history
of taking oral contraceptives or medications including
calcium or vitamin D supplements, hormone replacement
therapy or anti-bone resorption drugs were shown to
provide benefits in increasing or stabilizing skeletal bone
mineral bone density”"” Thus, this study included time
since menopause and medications (calcium/vitamin D
supplements, hormone replacement therapy and anti-bone
resorption drugs) as confounders for data analysis, while
there was no available data regarding the history of
contraceptive use. Our study showed that after adjusting

for known confounders, the association of osteoporosis and
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moderate/severe periodontitis could not be demonstrated.
This non-significant association between BMD status and
periodontitis contradicted several reports of most post-
menopausal women studies”*******" but concurred with
some studies as follows.**** A study of US postmenopausal
women'’ found no significant association between five
periodontal variables including mean CAL and number
of sites with CAL of > 4 mm as a unit of analysis and
systemic BMD, after controlling for age, smoking habit
and number of remaining teeth. Similarly, two other
large cross-sectional studies of postmenopausal women
in the United Kingdom'*** found no significant association
between osteoporosis and periodontitis after adjusting
for several confounders.

Significant associations between osteoporosis and
periodontitis were also reported in other populations
of younger age groups,” in both sexes.”*” Even though
a significant association between osteoporosis and
periodontitis was not demonstrated in our postmenopausal
participants, there might be an association between
these two diseases in other Thai population groups.
Since osteoporosis and periodontitis are multifactorial
diseases, several unknown confounding factors may still
influence the association between these two diseases
and result in the non-significant finding.

The strengths of this study include its relatively
large sample size, use of DXA as it is the gold standard
of BMD assessment,” full mouth periodontal examination
with calibrated periodontists, which is highly accurate
in assessing periodontal disease, and controlling for
several confounding factors in the data analysis. The
limitation of this study was oral bone density and/or
oral radiographs was not able to be assessed in the oral
examinations of our survey. Moreover, it was conducted
in only one population group; therefore, our findings
may not completely be able to generalize. Further
studies in other Thai populations need to be conducted

to confirm this finding.

Conclusion

Osteoporosis was not significantly associated with
moderate to severe periodontitis in the postmenopausal
women of the EGAT population. Increasing age and poor
oral hygiene are the factors that place individuals at risk
for periodontitis. However, the association between
skeletal BMD and periodontal disease need to be further

investigated in other population groups.
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Effects of Blood Contamination on Apatite Formation, pH and lon Release of Three
Calcium Silicate-based Materials
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Abstract

The aim of this study was to assess the effects of blood contamination on the apatite formation, pH and
ion release of three calcium silicate-based materials. ProRoot MTA (WMTA), Biodentine and TotalFill BC RRM putty
(TRRM) were exposed to blood (blood-contaminated condition) or normal saline (non-blood-contaminated condition)
for 24 hours. Samples were divided into 6 groups: WMTA without blood, WMTA with blood, Biodentine without blood,
Biodentine with blood, TRRM without blood and TRRM with blood. Three samples of each group were analysed for
apatite formation using X-ray diffractometer (XRD) and an energy-dispersive X-ray spectoscope (EDX) integrated into
a scanning electron microscope (SEM) after immersion in phosphate-buffered saline (PBS) for 1, 7, 14 and 28 days.
Five samples of each group were used to measure pH, calcium and silicon ion release using a pH meter and inductively
coupled plasma-optical emission spectrometer (ICP-OES) after immersion in deionized water for 1, 7, 14 and 28
days. Apatite formation was found in the blood-contaminated groups later than the non-blood-contaminated groups.
In both conditions, WMTA demonstrated apatite formation earlier than other materials. The pH and calcium ion
release of the materials were not significantly affected by blood contamination (P>0.05). Silicon ion release was
reduced in all blood-contaminated groups (P<0.05). Blood contamination delays apatite formation and decreases
silicon ion release of calcium silicate-based materials.
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Introduction

A characteristic of bioactivity is the ability to key elements for tissue adaptation.” Apatite formation
form apatite when in contact with a serum-Llike provides clinical advantages by creating an appropriate
solution." The development of a carbonated apatite environment for cell differentiation and supporting hard
surface after immersion in biological fluids is one of the tissue formation.>
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Mineral trioxide aggregate (MTA) is a calcium
silicate-based material that is widely used in endodontic
procedures.” An advantage of MTA s its bioactivity, which
results in the formation of a bond between mineralized
tissue and the material.’ The In vitro bioactivity of MTA has
been reported after immersion in phosphate-containing
fluids.”® Other advantages of MTA are the release of
inorganic ions and generating an alkaline pH.” Calcium
ion release induces osteoblast proliferation, differentiation
and extracellular matrix mineralization." while silicon ions
are essential for metabolic processes associated with
bone calcification and inducing apatite precipitation.'*

Several new calcium silicate-based materials
have been developed, aiming to improve MTA drawbacks
of a long setting time and tooth discoloration. Biodentine
(Septodont, Saint-Maur-des-Fosses, France) has a reduced
setting time by adding calcium chloride as a setting
accelerator and maintains tooth color stability with an
alternative radiopacifier.'” Another material is TotalFill
BC RRM putty (TRRM) (BUSA, BRASSELER, Savannah, GA,
USA), which is produced as a premixed putty product
to avoid mixing inconsistency. These materials are
recommended for the same clinical applications as MTA
because they exhibit similar properties.""

In clinical procedures such as endodontic surgery,
perforation repair, vital pulp therapy and regenerative
endodontics, MTA may come into contact with blood

during placement. The contamination of MTA by blood

Table 1 Composition of test materials.

has been investigated in a number of laboratory studies in

1518 Blood contamination

terms of the effects on its properties.
had a detrimental effect on the surface microhardness
of MTA and caused a change in the surface microstructure®
and compressive strength.”” In addition, exposure to
blood during setting has a negative effect on marginal
adaptation of MTA."”

In endodontic applications, it could be difficult
to completely avoid material surface contamination
with blood. Different calcium silicate-based materials
may show varying degrees of bioactivity, because of
differences in their compositions and ion releasing
properties.'*” Thus, the aim of this study was to assess the
effects of blood contamination on the apatite formation,
pH and ion release of WMTA, Biodentine and TRRM.

Materials and Methods

Specimen Preparation

The study protocol was approved by the Human
Research Ethics Committee of the Faculty of Dentistry,
Chulalongkorn University (HREC-DCU 2017-051). Whole
fresh blood was collected from a healthy volunteer
after informed consent.

Three calcium silicate-based materials, ProRoot
MTA (WMTA) (Dentsply Sirona Endodontics, Tulsa, OK,
USA), Biodentine and TRRM were used. The compositions

of the test materials were given in Table 1.

Material Composition

ProRoot MTA

WMTA
( ) Liquid: water

Biodentine
iron oxide

Powder: tricalcium silicate, dicalcium silicate, tricalcium aluminate, bismuth oxide,
calcium sulphate dihydrate or gypsum

Powder: tricalcium silicate, dicalcium silicate, calcium carbonate, zirconium oxide, calcium oxide,

Liquid: water, calcium chloride, a hydrosoluble polymer

TotalFill BC RRM

(TRRM)

Calcium silicate, zirconium oxide, tantalum pentoxide, calcium phosphate monobasic, filler agents
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The materials were prepared in accordance
with the manufacturer’s instructions. WMTA was mixed
with distilled water using a 3:1 powder-to-water ratio.
Biodentine was mixed by adding 5 drops of liquid into
the powder capsule and mixed for 30 seconds using an
amalgamator at 4,000 rotations/minute. TRRM was a
premixed putty material.

Plaster of Paris ring moulds” (5 mm in diameter,
2 mm in height) were prepared and stored at 37°Cin a
water bath for 24 hours. The moulds were placed on a
glass slide and then dropped with 10 pL of whole fresh
blood (blood-contaminated specimens) or 10 pL of
normal saline (non-blood-contaminated specimens).
The moulds were then filled with their respectively
prepared materials as follows.

Group 1: WMTA exposed to normal saline
(WMTA/non-blood)

Group 2: WMTA exposed to blood
(WMTA/blood)

Group 3: Biodentine exposed to normal saline
(Biodentine/non-blood)

Group 4: Biodentine exposed to blood
(Biodentine/blood)

Group 5: TotalFill BC RRM exposed to normal saline
(TRRM/non-blood)

Group 6: TotalFill BC RRM exposed to blood
(TRRM/blood)

Each specimen was placed in an incubator for
24 hours (37 + 1°C, >95 % relative humidity) to set.
After setting, the disc-shaped specimens were sterilised
with ultraviolet light for 30 minutes per side.

Apatite formation

Three specimens per group were individually
immersed in 5 ml of PBS % and stored at 37 + 1°C for 1,
7, 14 and 28 days. The PBS was changed weekly. At each
time point, the specimens were dried in a vacuum
desiccator for 1 day. Apatite formation was analyzed using
a X-ray diffractometer (XRD) and an energy-dispersive
X-ray spectoscopy (EDX) that was integrated into a

scanning electron microscope (SEM).

XRD. Specimen phase composition was evaluated
using XRD (D8 Discover, Bruker, Karlsruhe, Germany). The
scan range was 10-65°20 with a scan speed of 220 per
minute. Phase identification was accomplished using search
match software using the ICDD database (International
Centre for Diffraction Data, Newtown Square, PA).

SEM and EDX. The specimens were mounted
on aluminum stubs and coated with platinum. The
specimen surface was observed using SEM (JSM-6610LV,
JEOL, Tokyo, Japan) at 10,000x. Elemental analysis was
performed using EDX (X-MaxN 50, Oxford instruments,
Oxfordshire, United Kingdom) and the data were used to
calculate the surface calcium-to-phosphorus atomic (Ca/P)
ratio (stoichiometric hydroxyapatite Ca/P ratio is 1.67).”
pH and lon Release

Five specimens per group were individually
immersed in 5 ml of deionized water. The solutions
were collected after 1, 7, 14 and 28 days for evaluation.
The deionized water was replaced at the end of each
time point. The pH measurements were performed on
the collected solutions with a pH meter (710A, Thermo
Scientific Orion, USA). Calcium and silicon ion release were
measured by ICP-OES (OPTIMA 7300DV, PerkinElmer, USA).
Statistical Analysis

The pH and ion release were presented as
means and standard deviation. Two-way analysis of
variance with the Student t-test was used to determine
the significant differences between groups using I1BM
SPSS software version 22.0 (IBM Corp., Armonk, NY, USA).
The results were considered statistically significant if

the p-value was less than 0.05.

Apatite formation

After immersion in PBS for 1, 7, 14 and 28 days,
the crystal structure of hydroxyapatite on the materials was
determined by XRD. Surface morphology and elemental
composition of the materials were examined by SEM
and EDX. Representative data of each group were shown

in Figure 1, 2 and 3.
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Figure 1  Representative XRD, SEM and EDX data of WMTA/non-blood after immersion in PBS for 1, 7, 14 and 28 days (A, B, C and D respectively)
and WMTA/blood after immersion in PBS for 1, 7, 14 and 28 days (E, F, G and H respectively). ¥ = hydroxyapatite. SEM images of the

surface of test materials at x10,000 magnification, white arrow = spherical precipitates.
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Figure 2 Representative XRD, SEM and EDX data of Biodentine/non-blood after immersion in PBS for 1, 7, 14 and 28 days (A, B, C and D respectively)
and Biodentine/blood after immersion in PBS for 1, 7, 14 and 28 days (E, F, G and H respectively). ¥ = hydroxyapatite. SEM images of the

surface of test materials at x10,000 magnification, white arrow = spherical precipitates.
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Figure 3  Representative XRD, SEM and EDX data of TRRM/non-blood after immersion in PBS for 1, 7, 14 and 28 days (A, B, C and D respectively)

and TRRM/blood after immersion in PBS for 1, 7, 14 and 28 days (E, F, G and H respectively). ¥ = hydroxyapatite. SEM images of the surface

of test materials at x10,000 magnification, white arrow = spherica

The WMTA/non-blood sroup

XRD detected hydroxyapatite crystals

(Ca, (PO,) (OH),, ICDD: 00-003-0747) at days 7, 14 and
28, but not at day 1 (Fig. 1A — 1D). SEM demonstrated
the amorphous and irregular surface at day 1 (Fig 1A),
then at days 7, 14 and 28, spherical precipitates formed
over the surface (Fig. 1B - 1D). EDX indicated the presence
of elements of oxygen (O), carbon (C), calcium (Ca),
phosphorus (P), silicon (Si), sodium (Na), bismuth (Bi)
and aluminum (Al). Ca/P ratio was 5.62 at day 1, then,
decreased to 1.85, 1.81 and 1.80 at days 7, 14 and 28,
respectively.

The WMTA/blood group

XRD found hydroxyapatite crystals at days 14

and 28, but not at days 1 and 7 (Fig. 1E — 1H). SEM
displayed spherical precipitates on the surface at days
14 and 28. EDX showed the presence of O, C, Ca, P, Si,
Na and Bi with Ca/P ratio of 8.14, 6.10, 1.91 and 1.84 at
days 1, 7, 14 and 28, respectively (Fig. 1E — 1H).
The Bi ine/non-

XRD detected hydroxyapatite crystals at days

14 and 28, but not at days 1 and 7 (Fig. 2A — 2D). SEM
showed spherical precipitates over the surface at days

precipitates.

14 and 28. EDX revealed the presence of O, C, Ca, Si,
P, Na, zirconium (Zr) and chlorine (Cl) with Ca/P ratio of
6.64,4.49,1.95 and 1.80 at days 1, 7, 14 and 28, respec-
tively (Fig. 2A - 2D).
The Biodentine/blood group

XRD detected hydroxyapatite crystals at day
28, but not at days 1, 7 and 14 (Fig. 2E - 2H). At days
28, spherical precipitates were found over the surface
under SEM. EDX revealed the presence of O, C, Ca, Si,
P, Na, Zr and Cl with Ca/P ratio of 7.73, 6.32, 4.54 and
1.85 at days 1, 7, 14 and 28, respectively (Fig. 2E — 2H).
The TRRM/non-blood group

XRD detected hydroxyapatite crystals at days
14 and 28, but not at days 1 and 7 (Fig. 3A -3D). SEM
showed spherical precipitates over the surface at days
14 and 28 (Fig. 3C -3D). EDX revealed the presence of
O, C, Ca, P, Si, Na, Zr and tantalum (Ta) with Ca/P ratio
of 11.31, 5.04, 1.89 and 1.81 at days 1, 7, 14 and 28,

respectively (Fig. 3A - 3D).
The TRRM/blood group

XRD detected hydroxyapatite crystals at day
28, but not at days 1, 7 and 14 (Fig. 3E — 3H). At day 28,
spherical precipitates were found over the surface under
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SEM. EDX revealed the presence of O, C, Ca, P, Si, Na,
Zr and Ta with Ca/P ratio of 10.10, 5.13, 4.39 and 1.93
at days 1, 7, 14 and 28, respectively (Fig. 3E — 3H).
pH and lon Release
The pH of specimens immersed in deionized
water for 1, 7, 14 and 28 days were shown in Table 2.
Each material exhibited an alkaline pH (11.03-
12.14) at each time point. No significant differences
was found between conditions of the same material
at any time point. Biodentine and TRRM displayed a
significantly higsher pH compared with WMTA at each
time point (P<0.05).

Table 2 pH of test materials immersed in deionized water.

The calcium ion releases of each material
immersed in the deionized water for 1, 7, 14 and 28
days were determined (Table 3).

There was no significant difference in calcium ion
release between conditions of the same material at each
time point. However, the Biodentine/non-blood and
Biodentine/blood groups showed a significantly higher
calcium ion release compared with the WMTA/non-blood
and WMTA/blood groups at each time point (P<0.05).

The silicon ion releases of each material immersed
in the deionized water for 1,7,14 and 28 days were
displayed in Table 4.

Period WMTA WMTA Biodentine Biodenine TRRM TRRM
(day) /non-blood /blood /non-blood /blood /non-blood /blood
1 11.24 + 0.2° 11.36 + 0.11° 11.47 + 0.06° 11.43 + 0.04° 11.46 + 0.07° 11.51 + 0.04°
7 11.49 + 0.22° 11.67 + 0.12° 12.05 + 0.08" 12.07 = 0.11° 12.12 + 0.03° 12.14 + 0.03°
14 11.27 + 0.25° 11.32 + 0.21° 11.73 = 0.2° 11.83 = 0.01° 11.69 + 0.14° 11.7 + 0.15°
28 11.03 + 0.34° 11.3 +0.21° 11.63 = 0.1° 11.59 + 0.07° 11.55 + 0.1° 11.41 + 0.15°
Mean + SD, n = 5.
Mean values followed by different superscripted letters in the same row were significantly different (P<0.05).
Table 3 Calcium ion release (mg/L) of test materials immersed in deionized water.
Period WMTA WMTA Biodentine Biodenine TRRM TRRM
(day) /non-blood /blood /non-blood /blood /non-blood /blood
1 32.24 + 18.01° 52.76 + 39.27° 184.92 + 41.22°  190.08 + 23.53° 62.32 + 32.38° 74.25 + 22.39°
7 66.55 + 56.72° 84.71 + 12.93° 215.3 + 31.33" 197.58 + 57.24° 19536 + 13.15° 193.1 + 30.91°
14 60.69 + 39.13° 72.39 + 57.72° 159.73 £ 54.09°  160.73 + 52.76°  124.97 + 33.87™ 121.74 + 32.59"
28 38.82 + 22.69° 39.96 + 8.12° 114.83 + 23.29° 1133 + 32.15° 83.22 + 18.1° 65.82 + 18.55°

Mean + SD, n = 5.

Mean values followed by different superscripted letters in the same row were significantly different (P<0.05).

Table 4 Silicon ion release (mg/L) of test materials immersed in deionized water.

Period WMTA WMTA Biodentine Biodenine TRRM TRRM
(day) /non-blood /blood /non-blood /blood /non-blood /blood
1 1.21 +0.12° 0.87 +0.13° 0.8+0.1° 0.41 + 0.14° 0.78 = 0.07° 0.48 + 0.09°
7 1.64 + 0.18° 111 +0.2° 0.94 + 0.13° 0.64 + 0.13° 0.96 + 0.12° 0.57 + 0.14°
14 1.4 +0.2° 0.76 + 0.18° 0.83 +0.13° 0.44 + 0.08° 0.76 = 0.11° 0.49 + 0.04°
28 1.49 + 0.25° 0.85 + 0.15° 0.79 + 0.14° 0.4 + 0.05° 0.7 +0.12° 0.41 + 0.08°

Mean + SD, n = 5.

Mean values followed by different superscripted letters in the same row were significantly different (P<0.05).
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Within the same material, the non-blood-
contaminated groups had significantly higher silicon ion
releases compared with the blood-contaminated groups
at each time point (P<0.05). In each group, the pH,
calcium, and silicon ion release increased to a maximum

level at day 7, then, gradually decreased.

Discussion

The present study tested three calcium silicate-
based materials to compare the effects of blood
contamination on apatite formation, pH and ion release.
In the majority of endodontic applications, material
comes into contact with blood or tissue fluid during
placement. Many previous studies investigated MTA’s
properties when it was mixed with blood.""" However,
mixing MTA with blood represents a situation that may
be far from the clinical reality in which the material
comes concomitantly into contact with fluids. Therefore,
this study designed the method of contamination by
placing the materials into the moulds that were filled
with human whole fresh blood immediately after mixing
to most closely simulate the clinical conditions.

MTA is one of the calcium silicate-based materials
considered to be bioactive. Previous studies reported
that, when it came into contact with phosphate-containing
fluids, MTA produced hydroxyapatite that represented
bioactivity."® For in vitro evaluation of apatite formation,
various methods have been used to identify the deposits
on the material surface."”*** XRD identifies the phases
related to the materials,”® while SEM with EDX provides
images of a material’s surface microstructure and quantifies
the elements on its the surface layers.” Spherical precipitates
observed under SEM were recognised as apatite crystals
(apatite spherulites) as mentioned in previous studies.”*
Apatite precipitates have been previously observed on
MTA, Biodentine and EndoSequence Root Repair Material
surfaces immersed in phosphate-buffered solutions.”***
Inthe present study, hydroxyapatite crystals were detected
under XRD in all test materials at different immersion times.
The results showed that detection of hydroxyapaptite
crystal by XRD concurred with SEM and EDX analyses.
SEM micrographs displayed spherical precipitates over

the material surface and EDX revealed Ca/P ratio similar
to stoichiometric hydroxyapatite” at all-time points of
which XRD detected the hydroxyapatite crystals.

In this study, when apatite was detected on the
material via XRD, EDX concurrently demonstrated the
Ca/P ratio that is similar to stoichiometric hydroxyapatite,”
suggesting the presence of calcium phosphate deposites.”
Meanwhile, Si was decreased from the surface, suggesting
its accumulation mainly in the subsurface calcium silicate
hydrate phase.”” Calcium silicate-based materials have
been made based on a composition of calcium and silicate.
MTA is one of the most popular calcium silicate-based
materials used in endodontics which mainly composed of
tricalcium silicate, dicalcium silicates, tricalcium aluminate
and bismuth oxide. Meanwhile, Biodentine is a powder
and liquid system that consists of tricalcium silicate,
dicalcium silicate, calcium oxide, calcium carbonate and
zirconium oxide as radiopacifier. The liquid contains
calcium chloride which decreases the setting time and
a hydrosoluble polymer as a water reducing agent. TRRM
is produced as a premixed product in putty consistency
which is composed of calcium silicates, zirconium oxide,
tantalum oxide, calcium phosphate monobasic and filler
agents. In this study, although all materials had biocactivity
potential, WMTA demonstrated apatite precipitation
earlier than other materials in both conditions. Notably,
it is well-known that ionic dissolution is an initial step in
the apatite precipitation.” Different calcium silicate-based
materials have shown varying degrees of bioactivity,
because compositional differences may influence the
ion dissolution.

An apatite layer on a calcium silicate-based
material forms as a result of the chemical reactions
between the material and solution. During the hydration
reaction, the silanol groups (Si-OH) on calcium silicate
hydrate are deprotonated in an alkaline pH.** Negative
charges (SiO-) interact with calcium ions, resulting in an
increase in cations that can act as nucleation sites for
apatite formation from amorphous calcium phosphate.'
In the present study, the blood-contaminated groups
exhibited apatite precipitation later than the non-blood-

contaminated groups. Furthermore, prior to detecting
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apatite formation, blood-contaminated groups displayed a
lower Si atomic percentage than non-blood-contaminated
groups. Thus, blood might impede Si on material’s surface
during the hydration reaction leading to delayed apatite
formation. The presence of silicon is crucial for a material
to exhibit bioactivity.” Dissolving the material in an
alkaline environment releases silicon ion that form the
silica gel surface layer in calcium silicate hydrate gel
and creates silanol groups.” Our results indicated that
for each material, silicon ion release from the non-blood-
contaminated group was significantly higher than the
blood-contaminated counterpart. These results suggest
that blood may reduce silicon ion release, and inhibit
the development of the silica gel layer on the material’s
surface. The role of silicon ions in hard tissue formation
was suggested in early bone calcification and inhibition
of osteoclastogenesis."”* Our study showed that the
release of silicon ions from WMTA was greater than that
from Biodentine and TRRMno matter whether there
was blood contamination or not. Increased silicon ion
release facilitates osteoblast differentiation and inhibits
osteoclastogenesis, thus promoting the healing of periapical
tissues.'”* However, whether the reduced silicon ion release
in blood-contaminated calcium silicate-based materials has
an impact on hard tissue formation requires further studies.

The results of this study showed that blood
contamination delays apatite formation and decreases
silicon ion release of calcium silicate-based materials,
but not their pH or calcium ion release. Calcium ion
and hydroxide exchange occur following calcium silicate
hydration. MTA has an alkaline pH, resulting from calcium
ion release and calcium hydroxide formation.* After the
cement hydration reaction, it continues to release calcium
and silicon ions.”” Our study demonstrated that all test
materials released calcium and silicon ions and maintained
an alkaline pH that reached its maximum value at day
7 and decreased over time. WMTA'’s calcium ion release
pattern is in accordance with a previous study.” Our
results demonstrated that Biodentine and TRRM had a
higher pH and calcium ion release compared with WMTA
at all experimental time points. This finding is similar to

a previous report where Biodentine showed a higher

calcium ion release than that of WMTA.”* The higher
calcium ion release from Biodentine may be attributable
to the calcium chloride added as an accelerator.™ It has
been demonstrated, by both in vitro and in vivo studies, that
pulpal wound healing by the deposition of mineralized
apatite depends on pH and calcium ion release.””*

Lack of solubility has been mentioned as a
preferred characteristics of root-end filling and root
repair materials.” Though solubility of TRRM has not been
previously reported, some studies have reported low or
no solubility of WMTA.*** While, Biodentine demonstrated
higher solubility compare with WMTA.**** High solubility
could contribute to higher calcium ion release of Biodentine
found in our study. Nonetheless, there was no report of
solubility of these calcium silicate-based materials when
contaminated with blood. Even though we did not find
any significant difference in pH and calcium ion release
between blood contaminated and non-contaminated
conditions of the same material in this study, the solubility
of these materials under blood contaminated condition
remains to be identified.

The importance of hydroxyapatite in supporting
osteoblastic differentiation which leads to bone bonding
is well-known. The presence of an extensive apatite
layer on biomaterials promotes the adsorption of proteins
and the formation of a protein layer that favours osteoblast
adhesion."** Moreover, their deposition over time improved
sealing at the interface between dentin and materials.”
Therefore, the delay of an apatite formation may affect
the osteoblast behaviour and the sealing ability between
dentin and materials. Further studies are required to examine
the effects of blood contamination on cell-material as well

as dentine-material interactions.

Conclusions

Blood contamination delays apatite formation
and decreases silicon ion release of calcium silicate-based
materials, but not their pH or calcium ion release. WMTA
demonstrates earlier apatite formation and greater silicon
ion release compared with Biodentine and TRRM when
exposed to blood. Based on these findings, we hypothesize

that blood contamination of calcium silicate-based
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materials interrupts ion exchange during hydration and
reduces the formation of the silanol groups that act as
sites for nucleation of apatite formation. Blood exposure
reduces a material’s silicon ion release. Therefore, blood
may inhibit the development of a silica gel layer on a
material’s surface. Thus, hemorrhage control is needed

before placing the materials in the clinical situations.

Acknowledgements

This study was supported by the 90" anniversary
of Chulalongkorn University Scholarship. The authors deny

any conflicts of interest related to this study.

References

1. Kokubo T, Takadama H. How useful is SBF in predicting in vivo
bone bioactivity? Biomaterials 2006;27(15):2907-15.

2. Knabe C, Ducheyne P. Cellular response to bioactive ceramics.
Bioceramics and their clinical applications: Elsevier; 2008. p. 133-64.
3. Cai X, Ten Hoopen S, Zhang W, Yi C, Yang W, Yang F, et al.
Influence of highly porous electrospun PLGA/PCL/nHA fibrous
scaffolds on the differentiation of tooth bud cells in vitro. J Biomed
Mater Res A 2017;105(9):2597-607.

4. Técles O, Laurent P, Aubut V, About I. Human tooth culture:
a study model for reparative dentinogenesis and direct pulp
capping materials biocompatibility. J Biomed Mater Res B Appl
Biomater 2008;85(1):180-7.

5. Prati C, Gandolfi MG. Calcium silicate bioactive cements: biological
perspectives and clinical applications. Dental materials 2015;
31(4):351-70.

6. Hench LL, Splinter RJ, Allen W, Greenlee T. Bonding mechanisms
at the interface of ceramic prosthetic materials. J Biomed Mater
Res A 1971;5(6):117-41.

7. Sarkar NK, Caicedo R, Ritwik P, Moiseyeva R, Kawashima I.
Physicochemical basis of the biologic properties of mineral trioxide
aggregate. J Endod 2005;31(2):97-100.

8. Reyes-Carmona JF, Felippe MS, Felippe WT. Biomineralization
ability and interaction of mineral trioxide aggregate and white
portland cement with dentin in a phosphate-containing fluid. J
Endod 2009;35(5):731-6.

9. Parirokh M, Torabinejad M. Mineral trioxide aggregate: a
comprehensive literature review--Part I: chemical, physical, and
antibacterial properties. J Endod 2010;36(1):16-27.

10. Maeno S, Niki Y, Matsumoto H, Morioka H, Yatabe T, Funayama

A, et al. The effect of calcium ion concentration on osteoblast

viability, proliferation and differentiation in monolayer and 3D
culture. Biomaterials 2005;26(23):4847-55.

11. Carlisle EM. Silicon: a possible factor in bone calcification.
Science 1970;167(3916):279-80.

12. Setbon H, Devaux J, Iserentant A, Leloup G, Leprince J. Influence
of composition on setting kinetics of new injectable and/or fast
setting tricalcium silicate cements. Dental materials 2014;30
(12):1291-303.

13. Vallés M, Roig M, Duran-Sindreu F, Martinez S, Mercadé M.
Color stability of teeth restored with Biodentine: a 6-month in
vitro study. J Endod 2015;41(7):1157-60.

14. Nowicka A, Lipski M, Parafiniuk M, Sporniak-Tutak K, Lichota
D, Kosierkiewicz A, et al. Response of human dental pulp capped
with biodentine and mineral trioxide aggregate. J Endod 2013,
39(6):743-7.

15.Chen |, Karabucak B, Wang C, Wang HG, Koyama E, Kohli MR,
et al. Healing after root-end microsurgery by using mineral trioxide
aggregate and a new calcium silicate-based bioceramic material
as root-end filling materials in dogs. J Endod 2015;41(3):389-99.
16. Nekoofar MH, Oloomi K, Sheykhrezae MS, Tabor R, Stone DF,
Dummer PM. An evaluation of the effect of blood and human
serum on the surface microhardness and surface microstructure
of mineral trioxide aggregate. Int Endod J 2010;43(10):849-58.
17. Nekoofar MH, Stone DF, Dummer PM. The effect of blood
contamination on the compressive strength and surface
microstructure of mineral trioxide ageregate. Int Endod J 2010;
43(9):782-91.

18. Salem Milani A, Rahimi S, Froughreyhani M, Vahid Pakdel M.
Effect of Blood Contamination on Marginal Adaptation and Surface
Microstructure of Mineral Trioxide Aggregate: A SEM Study. J Dent
Res Dent Clin Dent Prospects 2013;7(3):157-63.

19. Gandolfi MG, Siboni F, Primus CM, Prati C. lon release, porosity,
solubility, and bioactivity of MTA Plus tricalcium silicate. J Endod
2014,40(10):1632-7.

20. Gandolfi MG, Taddei P, Modena E, Siboni F, Prati C.
Biointeractivity-related versus chemi/physisorption-related apatite
precursor-forming ability of current root end filling materials. J
Biomed Mater Res B Appl Biomater 2013;101(7):1107-23.

21. ShenY, Peng B, Yang Y, Ma J, Haapasalo M. What do different tests
tell about the mechanical and biological properties of bioceramic
materials? Endodontic Topics 2015;32(1):47-85.

22. Han L, Okiji T. Bioactivity evaluation of three calcium silicate-
based endodontic materials. Int Endod J 2013;46(9):808-14.
23. Wang L, Nancollas GH. Calcium orthophosphates: crystallization
and dissolution. Chemical reviews 2008;108(11):4628-69.

332 J DENT ASSOC THAI VOL.69 NO.3 JULY - SEPTEMBER 2019



24. Guimaraes BM, Vivan RR, Piazza B, Alcalde MP, Bramante CM,
Duarte MAH. Chemical-physical Properties and Apatite-forming Ability
of Mineral Trioxide Aggregate Flow. J Endod 2017;43(10):1692-6.
25. Oliveira IR, Andrade TL, Jacobovitz M, Pandolfelli VC. Bioactivity
of calcium aluminate endodontic cement. J Endod 2013;39(6):774-8.
26. Chen CC, Ho CC, David Chen CH, Wang WC, Ding SJ. In vitro
bioactivity and biocompatibility of dicalcium silicate cements for
endodontic use. J Endod 2009;35(11):1554-7.

27. Gandolfi MG, Taddei P, Tinti A, Prati C. Apatite-forming ability
(bioactivity) of ProRoot MTA. Int Endod J 2010;43(10):917-29.
28. Han L, Kodama S, Okiji T. Evaluation of calcium-releasing and
apatite-forming abilities of fast-setting calcium silicate-based
endodontic materials. Int Endod J 2015;48(2):124-30.

29. Gandolfi MG, Ciapetti G, Taddei P, Perut F, Tinti A, Cardoso
MV, et al. Apatite formation on bioactive calcium-silicate cements
for dentistry affects surface topography and human marrow stromal
cells proliferation. Dent Mater 2010;26(10):974-92.

30. Shokouhinejad N, Nekoofar MH, Razmi H, Sajadi S, Davies TE,
Saghiri MA, et al. Bioactivity of EndoSequence root repair material
and bioaggregate. Int Endod J 2012;45(12):1127-34.

31. Khor K, Li H, Cheang P, Boey S. In vitro behavior of HVOF
sprayed calcium phosphate splats and coatings. Biomaterials
2003;24(5):723-35.

32. Camilleri J. Mineral Trioxide Aggregate in Dentistry: From
Preparation to Application: Springer; 2014.

33. Tian J, Qi W, Zhang Y, Glogauer M, Wang Y, Lai Z, et al. Bioaggregate
Inhibits Osteoclast Differentiation, Fusion, and Bone Resorption
In Vitro. J Endod 2015;41(9):1500-6.

34. Camilleri J. Hydration mechanisms of mineral trioxide aggregate.
Int Endod J 2007,40(6):462-70.

35. Camilleri J. Characterization of hydration products of mineral
trioxide aggregate. Int Endod J 2008;41(5):408-17.

36. Bortoluzzi EA, Broon NJ, Duarte MAH, de Oliveira Demarchi

ACC, Bramante CM. The use of a setting accelerator and its effect
on pH and calcium ion release of mineral trioxide aggregate and
white Portland cement. J Endod 2006;32(12):1194-7.

37. Holland R, Souza Vd, Nery MJ, Faraco Junior IM, Bernabé PFE,
Otoboni Filho JA, et al. Reaction of rat connective tissue to
implanted dentin tubes filled with a white mineral trioxide
aggregate. Braz Dent J 2002:23-6.

38. Okabe T, Sakamoto M, Takeuchi H, Matsushima K. Effects of
pH on mineralization ability of human dental pulp cells. J Endod
2006;32(3):198-201.

39. Grossman LI. Solubility of root canal cements. J Dent Res
1978;57(9-10).

40. Danesh G, Dammaschke T, Gerth HU, Zandbiglari T, Schafer
E. A comparative study of selected properties of ProRoot mineral
trioxide aggregate and two Portland cements. Int Endod J 2006;
39(3):213-9.

41. Torabinejad M, Hong CU, McDonald F, Pitt Ford TR. Physical and
chemical properties of a new root-ent filling material. J Endod
1995;21(7):349-53.

42. Kaup M, Schéfer E, Dammaschke T. An in vitro study of different
material properties of Biodentine compared to ProRoot MTA.
Head & face medicine 2015;11(1):16.

43. Singh S, Podar R, Dadu S, Kulkarni G, Purba R. Solubility of a
new calcium silicate-based root-end filling material. J Conserv
Dent 2015;18(2):149-53.

44. Porter AE. Nanoscale characterization of the interface between
bone and hydroxyapatite implants and the effect of silicon on
bone apposition. Micron 2006;37(8):681-8.

45. Porter AE, Botelho CM, Lopes MA, Santos JD, Best SM, Bonfield W.
Ultrastructural comparison of dissolution and apatite precipitation
on hydroxyapatite and silicon-substituted hydroxyapatite in vitro

and in vivo. J Biomed Mater Res A 2004;69(4):670-9.

Thanavibul et al,, 2019 333



Original Article

Vertical Skeletal Pattern influences Alveolar bone Thickness in the Anterior
Mandible of Thais
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Abstract

This study evaluated the alveolar bone thickness (ABT) of the mandibular incisors in Thais with different
vertical skeletal patterns. One hundred and thirty-five patients (average age 24.2 years) were divided into three
groups according to their vertical skeletal pattern (i.e. skeletal deepbite, skeletal normal bite, and skeletal openbite).
The labial and lingual ABTs of the mandibular incisors at 3 mm (cervical level) and 6 mm (mid-root level) apical to
the cemento-enamel junction (CEJ) and at the root apices (apical level) were measured from cone-beam computed
tomography images. One-way ANOVA was used to determine the differences in ABT between the groups at a 0.05
significance level. There were the differences in ABT between the three groups (p<0.001), with the greatest difference
seen between the skeletal deepbite and openbite patients. The skeletal deepbite patients had the significantly
thickest labial and lingual alveolar bones of the mandibular incisors followed by the skeletal normal bite and
skeletal openbite patients, which were also significantly different from each other, at the lingual mid-root and total
apical ABT. In conclusion, considering the alveolar bone as the boundary for tooth movement, greater movement
of the mandibular incisors in an antero-posterior direction can be performed in skeletal deepbite patients, while
skeletal openbite can undergo the least movement, mainly at the lingual mid-root and root apex levels.
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Introduction

To achieve ideal tooth movement, the alveolar must occur within the confines of the alveolar bone.
bone must adapt consistent with tooth movement, and However, the amount of tooth movement that the
cortical plate formation must equal the alveolar proper alveolar bone can adapt to is limited. According to the
resorption. Hence, successful orthodontic tooth movement Envelope of discrepancy model, which indicates the
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boundary for tooth movement," the mandibular anterior
region was the most restricted area for orthodontic tooth
movement due to its relatively narrow width. Numerous
studies found that deleterious side effects from orthodontic
treatment; such as reduced alveolar bone thickness
(ABT), bony dehiscences, and perforations of the cortical
plate, were related to excessive movement of the
mandibular incisors in the labial-lingual direction.””
Previous studies®’ measured the alveolar bone
thickness at the anterior mandible to determine the
allowable distance for tooth movement. These studies
showed a very thin layer of labial and lingual alveolar
bone in this area, especially at the upper half of root
level. In addition, bony dehiscences and fenestrations
at the mandibular incisors were frequently found in
non-orthodontic patients.8 Moreover, the severity of
alveolar bone loss after orthodontic treatment was
higher in patients who initially had thin alveolar bone.’
Vertical facial type is an anatomical factor that
associated the alveolar bone thickness in the anterior
mandible, especially at the apical level. Skeletal openbite
(hyper-divergent) patients had thinner alveolar bone
compared with skeletal normal bite (normo-divergent)
and skeletal deepbite (hypo-divergent) patients. Some
studies indicated that the ABT at the cervical to mid-root
level were not different between the three vertical

%1% However, Hoang et al,,** found a difference

facial types.
in ABT at the alveolar crest level between the three
vertical skeletal patterns. Although a skeletal openbite
is strongly associated with thin alveolar bone, a very
thin alveolus was found in every vertical skeletal pattern."
However, the association between vertical skeletal type
and ABT in a Thai population has not been evaluated.

Cone-beam computed tomography (CBCT) is
commonly used for three-dimensional structural
examination in orthodontics. The data from CBCT images
can solve some problems that are found in conventional
lateral cephalometry (a two-dimensional image) such as
structural overlapping and magnification error. The anterior

mandible is a three-dimensional structure, which consists

of four incisors. Therefore, the alveolar bone thickness
of each tooth, which could not be exactly measured
using conventional lateral cephalometry, can be examined
individually with CBCT. Moreover, the accuracy of the
dimensional measurements from CBCT images correspond
with actual structure sizes, thus clinicians and researchers
can get better qualitative and quantitative data from CBCT."

The aim of this study was to evaluate the labial
and lingual ABT of the mandibular incisors at the cervical
to apical levels between groups with different vertical

skeletal patterns using CBCT in a Thai population.

Materials and Methods

The study protocol was approved by the Ethics
Committee of the Faculty of Dentistry, Chulalongkorn
University (HREC-DCU 2018-041). One hundred and thirty-five
patients at the Faculty of Dentistry, Chulalongkorn University
(65 males and 70 females; age 24.17 + 5.04 years) whose
CBCT images were acquired from August 2013 to April 2018
for maxillary impacted or embedded teeth localization and
implant placement treatment planning, were selected
using the following inclusion criteria: 1. age 18-30 years-old,
2. no previous orthodontic treatment, 3. full permanent
dentition of the mandibular arch without severe rotation
or more than 3 mm of mandibular incisor crowding, 4.
without oral pathology or periodontal disease of the
mandibular arch, and 5. the landmarks used in the study
were clearly visible on the CBCT image. The sample size
was calculated based on a previous study'™ at a 0.05
significance level and 80 % power using program G*
power version 3.1.9.2. This calculation indicated that 28
patients were required per group.

The CBCT images were obtained using a 3DX
Accuitomo 170 machine (J. Morita, Kyoto, Japan) with
90 kVp, 5 mA, and 17.5 sec scanning time. The field of
view of the CBCT images was 8 x 8 cm with a 0.165 mm
voxel size. The patients were divided to three groups
(45 patients/group) based on vertical skeletal pattern
(skeletal deepbite: 22 males, 23 females, skeletal normal

bite: 22 males, 23 females, and skeletal openbite: 21 males,
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24 females). The Thai norms for the palatal plane-
mandibular plane (PP-MP) angle'” were used to categorize
the patients (skeletal deepbite < 21°, skeletal normal
bite = 21°-29°, and skeletal openbite > 29°) (Fig. 1).
Furthermore, the Wits appraisal analysis was used to identify
the sagittal maxillo-mandibular relationship (Fig. 2).'®
Infinitt proprietary software v.2 (Infinitt Co.,
Seoul, Republic of Korea) was used for examining and
measuring the CBCT images by a single operator who
had been trained and supervised by a board certified
oral and maxillofacial radiologist. A 1 mm slice thickness
was used for bone thickness measurement. The sagittal
slice was set along the long axis of each tooth and
aligned perpendicular to the alveolar ridge curvature.
The labial and lingual ABTs of the four mandibular incisors
were measured perpendicular to the long axis of each
tooth from the root surface to the external limit of the
mandibular labial and lingual cortical bones at 3 mm

(cervical level) and 6 mm (mid-root level) apical to the

cemento-enamel junction (CEJ) and at the root apices
(apical level) (Fig. 3).

One month after the first measurement, 20 %
of the patients were randomly selected. The same
operator measured all variables to determine Intra-rater
reliability.

Statistical analysis was performed using SPSS
v.22.00 (SPSS Inc., Chicago, IL, USA). The significance
level was set at 0.05. The Kolomgorov-Smirnov test
verified the normal distribution of all variables. The ABTs
of the same patient were compared between the left
and right teeth and between the central and lateral
incisors using the independent t-test. The difference
between the male and female patients’ variables were
analyzed using the independent t-test. One-way ANOVA
and Tukey’s post-hoc test were performed to determine
the differences in the ABTs of the mandibular incisors

between the three vertical skeletal pattern groups.

Figure 1 PP-MP angle measurement in a sagittal maximum intensity projection view of the CBCT image.

(A) skeletal deepbite patient, (B) skeletal normal bite patient, and (C) skeletal openbite patient.

® B point

Figure 2 Wits appraisal analysis, the distance between projecting point A and B in perpendicular lines along the functional occlusal plane, in

a sagittal maximum intensity projection view of the CBCT images.
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Labial apical + lingual apical

Lingual

Figure 3 (A-C) The multiplanar reconstruction used to measure the ABT of the mandibular incisors. (D) Anteroposterior cross-section of the

mandibular incisors. Bone thickness was measured perpendicular to the long axis of the tooth.

Anintra—class correlation coefficient (ICC) of 0.87-0.97
was found, indicating excellent intra-rater reliability. There
were no the significant differences between the ABTs
of the left and right teeth and between male and female
patients; thus, the data were combined for further
statistical analysis. However, the ABT measurements
between the central and lateral mandibular incisors were
significantly different. Consequently, the measurements
of the central and lateral incisors were analyzed separately.

The descriptive analysis of the patients is shown
in Table 1. There were no significant differences in age or
sagittal skeletal relationship between the three groups.

The results indicated that at the labial bone,
the mean ABT at the cervical to mid-root level was less
than 1 mm (Table 2).

There were no significant differences between
the mean cervical ABT of the central or lateral incisors
between three groups. At the mid-root level of the

central incisors, the ABT in the skeletal deepbite group

(0.61 + 0.24 mm.) was significantly higher compared
with the skeletal openbite group (0.46 + 0.21 mm.). The
apical alveolar bone of all groups was the thickest area
of the labial plate and the mean skeletal deepbite
group’s ABT was significantly higher compared with the
other groups (Table 2).

The lingual alveolar bone was the thinnest at
the cervical level and tended to become thicker from the
cervical to apical level in every group (Table 3). The mean
ABTs in the skeletal deepbite group were significantly
higher than those of the other groups, except for the
skeletal normal bite group at the lingual cervical ABT
of the central incisors and the lingual apical ABT of the
central and lateral incisors. The skeletal openbite
group’s alveolar bone was the significantly thinnest at
all levels, however there was no significant difference
in lingual cervical ABT between the skeletal openbite

and normal bite groups (Table 3).
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When the labial and lingual apical ABTs were
combined as total apical ABT, the difference between
the three groups was significant (Table 4). The skeletal
deepbite group demonstrated the thickest total apical

alveolar bone (central incisor = 9.06 + 1.37 mm. and

lateral incisor = 9.37 + 1.22 mm.) followed by the skeletal
8.07 + 1.56 mm. and

lateral incisor = 8.29 + 1.53 mm.) and skeletal openbite

normal bite (central incisor =

(central incisor = 6.77 + 1.47 mm. and lateral incisor =

7.24 + 1.69 mm.) groups.

Table 1 Means and standard deviations of age, vertical skeletal pattern, and antero-posterior skeletal pattern.

Measurement Overall Deepbite Normal bite Openbite
Age (year) 24.17 + 5.04 2382 +4.78 25.27 £ 5.49 2342 + 4.74
PP-MP angle (°) 25.40 = 7.10 17.43 + 3.09 25.48 + 1.20 33.30 + 3.37
Wits appraisal(mm.) -1.45 + 4.43 -1.32 + 4.10 -1.42 + 4.37 -1.31+ 4.89

Values were presented as mean + standard deviation.

PP-MP angle, Angle formed between palatal plane and mandibular plane.

Mean values of age and Wits appraisal were not statistically significant different.

Table 2 Comparison of the labial alveolar bone thickness between the three vertical skeletal patterns and the multiple

comparison test results.

Deepbite Normal bite Openbite ANOVA Tukey’s tests
Measurements (mm.)
(D) (N) (0) p-value Significantly different groups

Central incisor

Labial-cervical (1) 0.86 + 0.34 0.79 + 0.34 0.75 + 0.35 NS -

Labial-mid root (2) 0.61 +0.24 0.52 + 0.24 0.46 + 0.21 0.012 Dvs O

Labial-apical (3) 4.03 + 1.21 3.48 + 1.12 3.11 +0.79 < 0.001 DvsN,DvsO
ANOVA P-value < 0.001 < 0.001 < 0.001

Tukey'’s tests 1vs3 1vs3 1vs3

Statiscally different groups 2vs3 2vs3 2vs3
Lateral incisor

Labial-cervical (1) 0.92 + 0.36 0.85 + 0.42 0.74 + 0.34 NS -

Labial-mid root (2) 0.44 + 0.26 0.37 £ 0.17 0.34 + 0.16 NS -

Labial-apical (3) 4.39 + 1.17 371 +1.13 3.39 + 0.89 < 0.001 DvsN,DvsO
ANOVA P-value < 0.001 < 0.001 < 0.001

Tukey'’s tests 1vs3 1vs3 1vs3

Statiscally different groups 2vs3 2vs3 2vs3

Values were presented as mean + standard deviation.
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Table 3 Comparison of the lingual alveolar bone thickness between the three vertical skeletal patterns and the multiple

comparison test results.

Measurements (mm.) Deepbite Normal bite Openbite ANOVA Tukey’s tests
(D) (N) (0) p-value Significantly different groups

Central incisor

Lingual-cervical (1) 0.81 +0.33 0.74 + 0.32 0.65 + 0.25 0.046 DvsO

Lingual-mid root (2) 1.53 + 0.67 1.21 £ 0.52 0.89 + 0.49 < 0.001 DvsN,DvsO,NvsO

Lingual-apical (3) 5.03 + 1.29 4.60 + 1.14 3.67 + 1.31 < 0.001 Dvs O, NvsO
ANOVA P-value < 0.001 < 0.001 < 0.001

Tukey'’s tests 1vs 23 1vs3 1vs3

Statiscally different groups 2vs3 2vs3 2vs3
Lateral incisor

Labial-cervical (1) 1.04 + 0.35 0.82 + 0.36 0.75 + 0.34 < 0.001 DvsN,DvsO

Labial-mid root (2) 2.05+0.71 1.47 + 0.57 1.11 + 0.65 < 0.001 DvsN,DvsO,NvsO

Labial-apical (3) 4.99 + 1.30 4.58 + 1.06 3.84 + 1.39 < 0.001 DvsO,NvsO
ANOVA P-value < 0.001 < 0.001 < 0.001

Tukey'’s tests 1vs 23 1vs 23 1vs3

Statiscally different groups 2vs3 2vs3 2vs3

Values were presented as mean + standard deviation.

Table 4 Comparison of the total apical alveolar bone thickness between the three vertical skeletal patterns and the multiple

comparison test results.

Deepbite Normal bite Openbite ANOVA Tukey’s tests
Measurements (mm.)
(D) (N) (0) p-value Significantly different groups
Central incisor
total apical 9.06 + 1.37 8.07 + 1.56 6.77 + 1.47 < 0.001 DvsN,DvsO,Nvs O
Lateral incisor
total apical 9.37 +1.22 8.29 + 1.53 7.24 + 1.69 < 0.001 DvsN,DvsO,Nvs O

Values were presented as mean + standard deviation.

Discussion

The present study evaluated the ABT of the
mandibular incisors between different vertical skeletal
pattern groups. However, there are other factors related
to alveolar bone thickness. A previous study” reported
that ABT decreases as people age. Moreover, the amount

of crowding impacts ABT, patients with mild crowding

had thicker alveolar bone compared with those with severe
crowding.”’ Hence, the subjects in our study were 18-30
years-old, and had only mild crowding (0-3 mm).

The small field of view (FOV) of the CBCT images
(8x8 cm) used in this study did not cover the cranial

base region to reduce the radiation dose to the patient.
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Therefore, the palatal plane-mandibular plane (PP-MP)
angle was used to identify the patients’ vertical skeletal
pattern rather than the Sella to Nasion-mandibular plane
(SN-MP) angle. Petchdachai ' reported a high correspondence
between the PP-MP angle and other parameters, e.g. the
Frankfurt horizontal plane and SN-MP angle, which are
commonly used to identified the vertical skeletal pattern.

Although the absence of some anatomical
landmarks that are used for cephalometric analysis is a
disadvantage of using small FOV CBCT images, the small
voxel size was an advantage in our study. The small
FOV CBCT images provided higher spatial resolution and
more clearly display the image details. Because our study
investigated the ABT of the mandibular incisors, which
is very thin, the small voxel size (0.165 mm) allowed for
more accurate measurement compared with a larger size.
However objects smaller than the voxel size cannot be
identified on CBCT images because of partial volume effect.
Therefore, alveolar bone that was thinner than 0.165 mm
could not be detected using CBCT. For instance, some teeth
that were actually covered by very thin alveolar bone were
misdiagnosed as a bony dehiscence or fenestration by CBCT?!
This limitation of CBCT analysis should be considered when it
is used to estimate alveolar bone thickness.

The present study found differences in mandibular
incisors” ABT between vertical skeletal pattern patients.
Skeletal deepbite patients presented the thickest alveolar
bone and skeletal openbite patients had the thinnest

112 the difference

alveolus. Similar to previous studies
in ABT between vertical skeletal relationships was found
at the root apex, particularly for total apical ABT.
Although the previous studies'”"* indicated that
the thickness of the alveolar plates at the cervical to
mid-root level was not different between vertical skeletal
patterns, our study did find differences in ABT at these
levels between the three groups. We found that, at the
mid-root level of lingual alveolar bone, the skeletal
openbite patients’ ABT was the thinnest followed by
the skeletal normal bite and skeletal deepbite patients.
Additionally, at the cervical level, the skeletal openbite
patients’ lingual alveolar bone was significantly thinner

compared with the skeletal deepbite patients at the

central incisor and was significantly thinner than that of
the skeletal deepbite and normal bite patients at the
lateral incisor. These findings were similar to those of
Hoang et al.,” The very thin bony support of the skeletal
openbite patients might be a consequence of dentoalveolar
compensation, because the teeth and alveolar bone
over-erupted to maintain the overbite for the increased
vertical skeletal dimension.”

Although the differences in ABT at the cervical
to mid-root level were significant, our results indicated
that the labial plate at the cervical to mid-root level
and lingual plate at the cervical level were very thin
(0.5-1 mm) in every vertical skeletal relationship. These

872 Therefore,

results confirmed those of previous studies.
clinicians should consider the labial alveolar bone
thickness at the cervical to mid-root level and lingual alveolar
bone at cervical level as less than 1 mm in all patients.

A previous study indicated that the alveolar
bone was thicker going from the cervical to apical level.”
The present study found a the similar pattern for the
lingual alveolar bone. However, there was no significant
difference in labial ABT between the cervical and mid-root
level. Prior studies of postnatal growth of the mandibular

% revealed that the lingual cortex of the

symphyseal area
anterior mandible, including the dentoalveolar process,
underwent periosteal bone deposition during growth,
whereas the labial side of the anterior mandible above
the protuding chin experienced highly variable periosteal
bone resorption, especially at the upper half root level.
The difference in the bone remodeling between the
labial and lingual cortex might explain why the lingual
alveolar bone was thicker going from the cervical to
apical level, however, the labial cervical ABT was not
significantly different from the labial mid-root ABT.
Thin initial ABT is associated with negative
consequences after orthodontic treatment.”>"” To prevent
deleterious effects such as alveolar bone loss, bony
dehiscence, or fenestration, the pre-treatment alveolar
bone thickness of the mandibular incisors should be
considered as the boundary of orthodontic tooth movement,
particularly in skeletal openbite patients. The type and

amount of tooth movement should be initially planned
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based on the amount of ABT. For instance, when requiring
lingual tooth movement, bodily tooth movement or controlled
tipping should be selected instead of un-controlled tipping
that might move the root apex penetrate the labial plate
surface while the crown is moving lingually. Similarly, labial
tooth movement should be performed using controlled
tipping with a rotation center at the root apex instead of
bodily tooth movement. Importantly, clinicians should use
a low force for orthodontic tooth movement and carefully
monitor the existing labial and lingual alveolar bone of
the mandibular incisors throughout the treatment period.

If excessive tooth movement of the mandibular
incisors beyond the boundary of the alveolar housing
is desired, orthognathic surgery might be an appropriate
treatment option.” Corticotomy-assisted orthodontic
treatment is another option for increasing the amount
of mandibular incisor tooth movement. A clinical study
reported that after tooth movement was completed,
the alveolar bone reduction was less in patients treated
with corticotomy alone or combined with bone grafting.

Studies have shown that the sagittal skeletal
relationship was also related to the mandibular incisor’s
alveolar bone dimensions.'®** Due to the limited sample size,
evaluating the effect of the sagittal skeletal relationship
on ABT could not be included in this study. To expand
our understanding of the influence of skeletal relationships
on ABT of the mandibular incisors ABT, a future CBCT
study using a larger sample size should investigate the
differences in ABT in patients with all vertical and sagittal

skeletal pattern combinations.

Conclusion

There were the differences in mandibular incisor
ABT at various areas between the three vertical skeletal
patterns. Skeletal deepbite patients had the thickest
alveolar bone and those with skeletal openbite had the
thinnest, particularly at the lingual mid-root and total
apical levels. Thus, skeletal deepbite patients can tolerate
more antero-posterior tooth movement in the mandibular
incisor area. In contrast, skeletal openbite patients can
tolerate limited movement of the mandibular incisor

in antero-posterior direction, mainly at root apex level.
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How Thick Peri-implant Tissue Affected Esthetic Satisfaction on Single Implant
Restoration in Treated Periodontal Patients
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Abstract

To identify the factors affecting the esthetic outcome of implant-supported single crowns in periodontal
patients, thirty-four periodontitis patients with implants were consecutively examined for esthetic outcomes. A
questionnaire was used to measure the satisfaction of patients with peri-implant soft tissues, implant crown, smile,
and total implant treatment using a visual analogue scale (VAS). Ten clinicians applied the Pink and White Esthetic
Score (PES/WES) to each patient. The association between the clinical factors and the degree of patient satisfaction
was analyzed using the Pearson chi-square test. The mean overall patient’s satisfaction was 80.2 % and the mean
PES/WES was 12.67. Peri-implant tissue biotype was significantly associated with the degree of patient satisfaction
on papilla height, contour, color, and labial mucosa surface. A thick peri-implant tissue was the only significant
factor in determining the degree of patients’ satisfaction in periodontal patients. However, all patients reported
acceptable esthetic outcomes.
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Introduction

Peri-implant soft tissue and implant evaluation recessions and alveolar bone loss. Therefore, these cases
is commonly used to assess the esthetic outcomes of may be more challenging to obtain esthetic outcomes
implant treatment.! However, most periodontal patients of a natural smile and beautiful teeth. Esthetic outcomes
have an excessive exposed tooth length due to gingival are directly affected by gingival recession, soft tissue
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biotype, keratinized gingiva, and smile line. Several
studies have demonstrated the influence of these factors
on esthetics.””

The satisfaction of the patient should be
considered as a very important success criterion for
dental implant therapy. Although numerous studies™
investigated patient satisfaction and the quality of life
in those receiving dental implant treatments, there are
limited studies addressing this aspect when evaluating
the treatment outcomes of anterior single implants in
periodontal patients. Esthetic satisfaction is the primary
concern for anterior maxillary implants. An objective
assessment can be performed by a clinician and is based
on defined criteria for evaluating the natural appearance
of the implant and restoration. In 2009, Belser et al’
modified a previously published Pink Esthetic Score
(PES) and combined it with an implant restorative index
to generate the Pink and White Esthetic Score (PES/
WES). An overall score of 12 is defined as the threshold
of clinical acceptability. Additionally, Cosyn et al.’
presented data by ranking the degree of esthetic outcomes
of the PES/WES. For example, the individual PES/WES
score have been categorized into an almost perfect
result (PES=12, WES=>9) and unfavorable outcome
(PES<8, WES<6). To accomplish successful long-term
implant treatment outcomes, peri-implant esthetics
must be considered and properly managed to avoid
complications and a reduced quality of life for patients.
However, the specific clinical factors which affect the
satisfaction of patients on esthetic outcome is not well
understood. Therefore, the aim of this study was to
identify those factors affecting the satisfaction of

periodontal patients with implant-supported single crowns.

Materials and Methods

The study protocol was approved by the Ethics
Committee of the Faculty of Dentistry, Chulalongkorn
University (HREC-DCU 2018-012). This cross-sectional

clinical study retrieved data from a main survey of 200
dental implant patients who received endosseous
dental implant treatment from 1996-2014. The patients
were evaluated when they came for maintenance program
visits at the Graduate Periodontics Clinic, Faculty of
Dentistry, Chulalongkorn University. The patients were
advised about the objective and process of the study
before signing informed consent for participation. The
participants in this study consisted of 34 consecutive
periodontal patients with a single tooth implant placement
in the esthetic zone, which was defined as the maxillary
right canine to maxillary left canine. All 34 dental implants
were in prosthetic function for at least one year. Inclusion
criteria for all participants were: 1) Treated periodontal
patients and 2) the presence of a single tooth implant
placement in the esthetic zone defined as the maxillary
right canine to maxillary left canine, which was functional
for at least one year. Patients were excluded if presenting
one or more of the following criteria: 1) Multiple implants
or 2) Patients who had pseudo-papilla regeneration
made of pink acrylic or porcelain to artificially create
the interproximal papilla. Their demographic data and
history of implant treatment were obtained from history
taking, chart review, and dental examination.

Digital extraoral and intraoral photographs
(Canon EOS 650 D, Japan with a 100 mm, Canon macro lens,
and aring flash) were taken with a digital camera. An extraoral
photograph of each patient with a natural smile was taken.
Standardized clinical photographs were taken according
to previously published methods.” An alginate impression
of the upper jaw was taken to fabricate a master model
that was used in combination with the digital photographs
by clinicians to assess implant esthetic outcomes.

The patient’s degree of satisfaction with their
dental implant treatment outcome was assessed using
a visual analogue scale (VAS) questionnaire, which was
modified from Belser et al.” (Table 1).
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Table 1 Patients satisfaction questionnaire.

Variables Questionnaire
1. I am pleased with the position of the mucosa in the approximal embrasure
Peri- (papilla height).
: implant
Esthetic-related P 2. I am pleased with the position of the labial surface of the peri-implant mucosa.
variables mucosa
3. I am pleased with the contour, color, and surface of the labial mucosa.
Implant 4.1 am pleased with the shape and mesio-distal dimension of my crown.
restoration 5.1 am pleased with the surface, texture, translucency, and color of my crown.
Smile perception 6. 1 am pleased with my smile line.
Overall satisfaction 7.1 am satisfied with the overall result.

The questionnaires were accompanied by simple
and precise instructions.

Clinical and radiographic examinations were
performed during one visit before receiving routine
maintenance care. Periodontal care at the implant sites
were performed according to the CIST protocol.” The
clinical evaluation was performed by three examiners (NS,
TT, and KS) who assessed the following clinical parameters:

« Modified plaque index (mPLI)': scores were
determined at the mesiobuccal, mid-buccal, distobuccal,
and mid-lingual surfaces of each implant.

« Modified bleeding index (mBLI)': scores were
determined at the mesiobuccal, mid-buccal, distobuccal,
mesiolingual, mid-lingual, and distolingual surfaces of
each implant.

» Probing pocket depth: measurements were taken
at the mesiobuccal, mid-buccal, distobuccal, mesiolingual,
mid-lingual, and distolingual of each implant.

+ Recession was the level of mucosal margin in
relation to the restorative margin.

« Tissue biotype was classified as thin if the outline
of the underlying periodontal probe could be seen
through the buccal gingiva, and thick if the probe could
not be seen."

» Modified periodontal screening and recording
(mPSR)": scores were determined at six sextants of the
mouth to assess the patient’s periodontal status.

The measurement procedures were manually
performed using a plastic periodontal probe (12-UNC
COLORVUE®; Hu-Friedy, Chicago, IL, USA.) for the implants

and a conventional manual University of North Carolina
periodontal probe (UNC-15; Hu-friedy, Chicago, IL, USA.)
was used for natural teeth. The distances were measured
to the nearest millimeter.

The radiographic examination was performed
using standardized periapical radiographs. Digital radiographs
were then taken and was imported using dental software
(Infinitt proprietary software v.2: Infinitt Co., Seoul, Korea)
and evaluated on a computer screen. The distance from
the implant shoulder to the alveolar bone crest was
measured in millimeters at the mesial and distal aspect
of each implant by one examiner (TS). The most severe
bone level site was selected to represent the amount
of bone loss. Due to different implant systems, a universal
point of reference applicable to all implants could not be
defined. Therefore, a suitable reference point at the fixture-
abutment connection or abutment-crown connection
was defined for each implant system.

Five prosthodontists and five periodontists
performed the esthetic assessment. The clinicians, third-year
residents, had not previously treated any of the participants.
The clinicians assessed their degree of satisfaction with
the dental implant treatment outcomes by examining
the cast model and dental photographs. The standardized
photographs were viewed using a PowerPoint program
on a 14-inch notebook (Lenovo™ idealpad 710S Plus,
Intel® Core™ i7-7500U). The clinicians scored the esthetic
outcomes using the original PES/WES index by Belser
et al.” Criteria of the peri-implant mucosa (pink esthetic)

was used for evaluation of the soft tissue around single
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implant crowns. The PES is based on five variables; 1)
Mesial papilla 2) Distal papilla 3) Facial curvature 4)
Level of facial mucosa and 5) Root convexity and color.
Criteria of the implant crown was used (white esthetic)
for evaluation of restoration. The WES is based on five
variables; 1) Tooth form 2) Outline/volume 3) Color
(hue/value) 4) Surface texture and 5) Translucency and
characterization. Each variable is assessed with a 2-1-0
score, with 2 being the best and 0 being the poorest
score. All variables are assessed by comparison with a
natural reference tooth. An overall score of 12 is defined
as the threshold of clinical acceptability. For study
evaluation, the following variables were classified according
to established definitions:

1) Implant survival: the implant with a restoration
was present at the follow-up examination; however, its
condition is not specified.”

2) Biological complications: disturbances in implant
function by biological processes that affected the tissues
supporting the implant.”

A. Peri-implant mucositis: presence of soft tissue
inflammation with bleeding on probing at least one
aspect of the dental implant (recorded from the mBLI)
and no signs of supporting bone loss after initial bone
remodeling.™

B. Peri-implantitis: presence of soft tissue inflammation
with bleeding on probing at least one aspect of the
dental implant (recorded from the mBLI) and bone loss
around an osseointegrated implant beyond functional
remodeling > 2mm from the time of loading."* When
there was no baseline radiograph, a threshold vertical
distance of 2 mm from the expected marginal bone
level was diagnosed as peri-implantitis.”

3) Smile type: the smile was defined as a high, average,
or low smile by examining an extraoral photograph.'®
Calibration

Prior to the study, the three examiners held intra-
and inter-calibration sessions using five volunteer participants
who had at least one dental implant restoration. An intra-
class correlation coefficient was used to standardize data
acquisition and the assessment of study variables. The

mean intra- and inter-examiner calibration indicated an

excellent agreement with intra-class correlation coefficient
of 0.88 and 0.86, respectively. Intra-examiner calibration
of radiographic bone level was analyzed before evaluating
the implants of the study patient by assessing the bone
loss on thirty randomly selected implants from the faculty
database. The assessment was repeated one week
later to evaluate the reproducibility of the results. An

intra-class correlation coefficient of 0.86 was obtained.

Statistical analysis

The statistical software SPSS version 22.0 was
used for data analysis. A normality test was used to
determine a normal distribution of the study population.
Descriptive analysis was used to evaluate the demographic
data, implant characteristics, esthetic outcomes, and
VAS scores. The VAS score of the satisfaction of patients
was categorized into two groups using the non-excellent
outcomes (score<90 %) and excellent outcome
(score=90 %) as a breaking point. The associations between
the esthetic clinical variables and patients’ satisfaction
(non-excellent group versus excellent group) were
analyzed using the Pearson Chi-square test. The effect
of the speciality of the clinicians was performed using
the Pearson correlation. For all statistical analysis, the

p<0.05 was considered significant.

Of the 200 patients participating in the survey,
47 patients had received dental implant therapy in the
esthetic zone. Of these, 13 patients who did not meet the
inclusion criteria were excluded. Finally, 34 participants
with 34 maxillary single implants were examined. There
were 15 males and 19 females, with an average age of
52.2 + 13.3 years old. The mean follow-up period was
72 + 52 months. Most of the patients (76 %) were
treated using the delayed implant placement protocol.
The overall mean distance from the implant abutment
interface to the first bone-to-implant contact was 0.96
+ 1.13 mm. The implant survival rate was 100 %.

The demographic data at the participant and

implant level is presented in Tables 2 and 3.
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Table 2 Demographic data and clinical characteristics at participant level.

Subject Characteristic (N=34)

Number (%)

mPSR

Smoking status

Smile line

Score 1 (bleeding)

Score 2 (bleeding and calculus)
Score 3 (probing depth 4-6 mm)
Score 4 (probing depth >6 mm)
Former smoker

Current smoker

Non smoker

Low smile line

Average smile line

High smile line

4(11.8 %)
5(14.7 %)
24 (70.6 %)
1(2.9 %)
3 (8.8 %)
1(2.9 %)
30 (88.3 %)
7(20.6 %)
17 (50 %)

10 (29.4 %)

Table 3 Demographic data and clinical characteristics at implant level.

Implant characteristic (N=34)

Number (%)

Reason for tooth extraction

Implant location

Implant system

Peri-implant status

Probing depth

Tooth fracture
Endodontic
Periodontic

Caries, Congenital Missing, Trauma, Non-restorable
Central incisor

Lateral incisor

Canine

Astra tech

Straumann

Paragon

Others

Healthy

Peri-implant mucositis
Peri-implantitis

<4 mm

>4 mm

10 (29.4 %)
5(14.7 %)
4 (11.8 %)
15 (44.1 %)
20 (58.8 %)
11 (32.4 %)
3 (8.8 %)
13 (38.2 %)
10 (29.4 %)
4 (11.8 %)
7(20.5 %)
7(20.6 %)
22 (64.7 %)
5(14.7 %)
15 (44.1 %)

19 (55.9 %)
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Table 3 Demographic data and clinical characteristics at implant level. (cont.)

Implant characteristic (N=34)

Number (%)

Keratinized mucosa MGJ < 2 mm
MGJ > 2 mm
Gingival recession Recession

No recession
Tissue biotype Thick biotype
Thin biotype
Shape of crown Triangular shape
Oval shape

Square shape

3 (8.8 %)
31(91.2 %)
2(5.9 %)
32 (94.1 %)
18 (52.9 %)
16 (47.1 %)
9 (26.5 %)
12 (35.3 %)

13 (38.3 %)

About three-fourths of the participants (73.5 %)
had a pocket depth of > 4 mm (mPSR score of 3 & 4).
Only 2.9 % of the patients were current smokers. Half
of the participants had an average smile line (50 %).
Tooth extraction due to periodontal disease was reported
by 11.8 % of the patients. Out of the 34 implants, 20 (58.8 %),
11(32.4 %), and 3 (8.8 %) were placed in the central incisor,
lateral incisor, and canine region, respectively. The patients
in this study had implants from various implant systems,
the majority of which were AstraTech (38 %) and Straumann

(29 %). The prevalence of peri-implant diseases was 64.7 %

100%
90%

80%

3

2

g

Patient satisfaction
w
g

20%

10%

0%

for peri-implant mucositis and 14.7 % for peri-implantitis.
Nineteen (55.9 %) of the implants had a probing depth of
> 4 mm. Facial keratinized tissue of < 2 mm was observed
in 8.8 % of the cases. Nearly all implants had no mucosal
recession (94.1 %). There were 16 (47.1 %) implants with
a thin peri-implant biotype, whereas 18 (52.9 %) implants
had a thick peri-implant tissue. Square-, triangular-, and oval-
shaped implant restorations were observed in 38.3 %,
26.5 %, and 35.3 %, of the patients, respectively.

The mean patient satisfaction based on VAS

scores is illustrated in Figure 1.

1 2 3
PERI-IMPLANT MUCOSA

I A.cceptable group

IMPLANT RESTORATION

I Excellent group

- 5 6 7
SMILE PERCEPTION

Questionnaire

OVERALL

=il 2an visual analog scales

Figure 1 Mean visual analogue scale scores and categorical scores
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The patients gave a lower mean score for the peri-
implant mucosa compared with the implant restoration
(mean Q1-Q3: 70-75.5 % vs. mean Q4-Q5: 81.2-83.3 %).
The overall mean of patient satisfaction was 80.2 %. To
better understand the VAS score distribution, the VAS
scores were classified into two groups: non-excellent

outcome (score<90 %) and excellent outcome (=290 %).

About one-third of the participants (35.3 %) reported
excellent satisfaction with the overall treatment.

The peri-implant tissue biotype was significantly
associated with the degree of patient satisfaction with
the papilla height (Q1: p = 0.002), contour, color, and
the labial mucosa surface (Q3: p = 0.025) (Fig. 2 and 3).

HEIGHT OF PAPILLA

Il Poor to Accept group

10

THICK BIOTYPE

Il Excellent group

THIN BIOTYPE

Figure 2 Esthetic-related variables: Questionnaire 1 (height of papilla)

CONTOUR, COLOR, SURFACE OF LABIAL MUCOSA

[l Foor to Accept group

THICK BIOTYPE

[l txcellent group

o
ks

THIN BIOTYPE

Figure 3 Esthetic-related variables: Questionnaire 3 (contour, color, and surface)
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In contrast, there was no association found
between biological complications, probing depth, kerati-
nized mucosa, mucosal recession, shape of crown, or

smile line and the degree of patients’ satisfaction.

Additionally, there were no sex or age differences in
patients’ satisfaction level.
The ten clinicians applied the PES/WES index

for esthetic evaluation (Table 4).

Table 4 Mean PES and WES scores of the 34 dental implants determination based on speciality.

5 Periodontal 5 Prosthodontics Total 10 Pearson p-value

residents residents Correlation
Mean PES 554+1.93 6.77+2.79 6.2 0.820 0.000*
Mean WES 6.26+1.61 6.73+2.12 6.5 0.544 0.001*
Mean PES/WES 11.82+3.18 13.51+4.29 12.67 0.768 0.000*

*Significant correlation (p<0.05)

The mean PES, WES, and total PES/WES were
6.2, 6.5, and 12.67, respectively, which were all clinically
acceptable. Further analysis of the effect of the speciality
of the clinicians was performed using the Pearson correlation.
The periodontist and prosthodontist residents had a significant
positive correlation at a good level for the PES/WES evaluation
(r=0.768, p=0.000). Although the periodontists gave lower

scores, the difference was not significant.

Discussion

The results indicated that the patients’ overall
satisfaction level with implant therapy was generally
high with a mean score of 80.2 %, which was comparable

to other studies.'""®

Moreover, approximately 36 % of
the patients stated that the implant treatment met their
high expectations of overall treatment outcome (VAS score
> 90 %). Similar results have been reported following
implant treatment in healthy periodontal patients.”"
Our questionnaire evaluated factors that were
categorized as periodontal and prosthodontic clinical
factors. We found that tissue biotype was the most
important factor in determining the degree of patients’
satisfaction in periodontal patients. These findings were
similar to those of previous studies. Romeo et al.”’
showed that a thick biotype significantly correlated with

the presence of an interproximal papilla. In addition,

Abrahamsson et al.” found that increased soft and hard
tissue remodeling reestablished healthy peri-implant
mucosa dimensions, especially in a thin biotype. In
contrast, our study did not find that mucosal recession
and keratinized gingiva had any impact on the degree
of patients’ satisfaction. Although many studies'?
demonstrated that mucosal recession occurred more
frequently following implant placement in a thin tissue
biotype, the present study observed only two cases
(5.9 %) with a facial marginal mucosal level of > 1 mm
and three cases (8.8 %) with keratinized mucosa of < 2
mm. The majority of patients had excellent quality
peri-implant soft tissue, thus these factors did not have
a significant effect on esthetic outcomes in this study.

There are numerous studies indicating that
peri-implant diseases are affected by past periodontal

13,22-24

history The prevalence of peri-implant diseases in
our cross-sectional study was 64.7 % for peri-implant
mucositis and 16.7 % for peri-implantitis. However, we
observed only one participant (2.9 %) with an mPSR
score of 4 with a probing depth of more than 6 mm.
The patients in the present study attended regular
maintenance visits after implant therapy that may have
contributed to our findings of periodontal disease control
and minimal bone loss of 0.96 mm during the prolonged

follow-up period of 72 months. Consequently, probing
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depth and biological complications did not significantly
impact the esthetic outcomes in periodontal patients
as assessed by VAS scores in this study.

When a prosthodontic rehabilitation is planned,
a variety of fundamental parameters for an esthetic
smile including the position of the lips, gingival tissue
condition, color, shape, and tooth position should be
thoroughly considered.” However, this study found that
the crown and smile line shape did not impact a patient’s
satisfaction scores. In contrast, Levi and colleagues™
found that the restoration shape was critical for patients’
overall acceptance of a dental implant treatment. These
different outcomes may result from the dissimilarity of
the participants and implant characteristics between
studies. We observed equal proportions of implant
restoration shapes with a mean VAS score above 80 %.

In the present study, the overall PES/WES was
12.7, which was clinically acceptable for periodontal
patients. The mean PES and WES results were 6.2 and
6.5, respectively. These scores were slightly lower scores
compared with a previous study by Belser et al,.” They
evaluated the esthetic outcomes of maxillary anterior
single tooth implants inserted using an early implant
placement protocol and reported a higher mean PES
than mean WES scores (7.8 vs. 6.9). Most of the patients
(76 %) received delayed implant placement. This result
was similar to a prior study, which reported that the
esthetic scores in the delayed group were marginally
lower compared with the immediate placement group.”’
Another important characteristic of the patients is having
a history of or current periodontitis. Kolerman et al.”®
found that patients with severe or aggressive periodontitis
were significantly associated with a low PES score. It was
found that 20 % of the patients had a connective tissue
graft or free gingival graft to improve soft tissue quality
prior to implant surgery. Having this procedure may have
positively influenced the esthetic outcome of their implant

restorations.*”

Migliorati et al.** found a significantly higher
PES in patients receiving a connective tissue graft. For
the white esthetic score, this study had a mean WES

score comparable to that of a previous study” because

implant-supported prostheses fabrication and delivery
were supervised by experienced prosthodontists. However,
the use of titanium abutments and porcelain fused to
metal restorations in the majority of cases in this study
may have contributed to the low WES scores.

There were some limitations in this study. This
study evaluated a limited number of maxillary single
implants. This small sample size makes it difficult to
draw any larger conclusions. Moreover, each variable
was separately analyzed that could possibly affect the
degree of patients’ satisfaction in treated periodontal
patients. However, the effect of each factor on the
degree of patients’ satisfaction are interrelated, and
may have a synergistic rather than a cumulative effect.
Therefore, a future prospective study with a larger
number of dental implants is required to determine the
clinical factors associated with the degree of patients’
satisfaction. In addition, a complex relationship between

each factor may also be resolved with a large sample size.

Conclusion

The degree of patients’ satisfaction around
single-tooth implant in the anterior maxilla was mainly
influenced by the peri-implant biotype. It is recom-
mended that treatment resulting in a thick mucosa is
important to achieve an excellent degree of patients’
satisfaction in periodontal patients. However, these
patients reported acceptable esthetic outcomes that
were comparable to general patients.
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Abstract

The purpose of this study was to evaluate the effects of two different adhesives containing phosphate
monomer [Single Bond Universal+dual activator (SU), Excite F DSC (EX)] and one primer containing MDP [Alloy
primer (AP)] application on zirconia/resin cement bond strength. Sixty zirconia disks (6 mm diameter, 4 mm thick)
were prepared and embedded in dental gypsum. Specimens were polished with 600 grit silicon carbide paper. The
samples were randomly divided into six groups (N=10 in each group) according to different treatments applied on
zirconia surfaces: Groupl (AP), Group2 (SU), Group3 (AP+SU), Groupd (EX), Group5 (AP+EX) and Group6 (no tx). A
silicone template (3 mm diameter, 2 mm thick) was placed on top of treated zirconia surface. The resin cement
was filled into the mold and then light-cured for 40 seconds. All bonded specimens were kept in distilled water at
370C for 24 hours and they were subjected to shear bond strength measurement using a universal testing machine
at a crosshead speed of 0.5 mm/min. The data were statistically analyzed using one-way ANOVA and Tukey’s test
(0(=0.05). The shear bond strengths of Groupl to Group 6 were AP;14.12+2.56, SU;19.25+2.00, AP+SU;23.53+2.15,
EX;18.93+£1.93, AP+EX;22.91+2.14, and no tx;8.05+1.64 MPa, respectively. The bond strengths of Group3 and Group5
were significantly higher than those of Group1, Group2, Group4, and Group6 (p<0.05). However, Group6 showed the
lowest bond strength (p<0.05). In conclusion, the primer containing MDP application followed by adhesive application
increased shear bond strength between zirconia and resin cement. The universal adhesive/adhesive containing
phosphate monomer may be alternative to the primer containing MDP for zirconia surface treatment.
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Table 1 Primer, adhesives and resin cement used in the study.
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Material

Composition

Alloy primer
(Kuraray Noritake Dental Inc., Okayama, Japan)
Lot: 580093

Singlebond universal
(3M, Deutschland GmbH, Neuss, Germany)
Lot: 483316

MDP, VBATDT, acetone

MDP, Bis-GMA, HEMA, DMA, methacrylate functional copolymer,

silane, filler, initiators, ethanol, water
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Table 1 Primer, adhesives and resin cement used in the studly. (cont.)

Material

Composition

Singlebond universal dual cure activator
(3M, Deutschland GmbH, Neuss, Germany)
Lot: 472079

Excite F DSC
(Ivoclar vivadent, AG, FL-9494 Schaan, Liechtenstein)
Lot: W86930

Multilink N
(Ivoclar vivadent, AG, FL-9494 Schaan, Liechtenstein)
Lot: W34404

sodium toluene sulfinate and ethanol

Bis-GMA, ethanol, HEMA, phosphonic acid acrylate, potassium

fluoride

Pastes of dimethacrylates, HEMA, inorganic fillers,
ytterbiumtrifluoride, benzoylperoxide, initiators, stabilizers

and pigments

Abbreviations: 10-MDP, 10-methacryloyloxydecy!l dihydrogen phosphate; VBATDT, 6-(4-vinylbenzyl-n-propy!l) amino-1,3,5-triazine-2,4-dithione;

Bis-GMA, bisphenol A-glycidyl methacrylate; HEMA, 2-hydroxyethyl methacrylate; DMA, dimethacrylate.
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Figure 1 Shear bond strength test configuration
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Table 2 Mean bond strength, standard deviation (Megapascal) and mode of failure

Mode of failure

Group Mean bond strength (SD)
Adhesive Mixed Cohesive

1. (AP) 14.12 (2.56) 0 90 10
2. (sL) 19.25 (2.00)° 0 80 20
3. (AP+SU) 23.53 (2.15) 0 60 40
4. (EX) 18.93 (1.93)° 0 80 20
5. (AP+EX) 2291 (2.14) 0 70 30
6. (no tx) 8.05 (1.64)° 100 0 0

The value with identical letters indicates no statistically significant difference

U2 nmergannaesganssalaweslelulpsalauuanguuunuaunal

A. m5iauuuaaIlusTudiag
B. MIAUA UG
C. msdaluipguudaveureslailey

Figure 2 Illustrations from stereo microscope Show mode of failure

A. Cohesive failure in resin cement
B. Mixed failure
C. Adhesive failure in zirconia surface
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Efficacy of Articaine Infiltration for Pulp Treatment in Mandibular Primary
Molars: A Randomized Split-mouth Clinical Trial
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Abstract

This clinical trial aimed to compare pain scores and adverse events between buccal infiltration with 4 %
articaine with epinephrine 1:200,000 and nerve block with 2 % lidocaine with epinephrine 1:100,000 in pulp treatment
in mandibular primary molars. Twenty-six children received pulp treatments on both sides of the mandible with
inferior alveolar nerve block with lidocaine and buccal infiltration with articaine in random sequences. Pain scores
were assessed during injection and pulp removal by video observation and through participant’s self-reporting after
the procedure. Additional local anesthesia and adverse events were monitored. The Wilcoxon Signed-Rank test and
the McNemar test were used for statistical analysis. Pain scores during injection in lidocaine nerve block (2.4+1.2)
and articaine infiltration (1.7+0.9) were significantly different (p=0.002). There was no statistical difference in pain
scores during pulp removal, overall pain from self-reporting and additional local anesthesia. One case in each
method reported lip biting after treatment. No other adverse events were reported in this study. In conclusion,
mandibular infiltration with articaine was not different from inferior alveolar nerve block with lidocaine in pain
control and adverse events when performing pulp treatment in mandibular primary molars; however, it provided

less pain during injection.
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Introduction

Local anesthesia plays an important role for
pain control in dentistry, especially in the pediatric field
since pain can directly affect the behavior of children.'
Inadequate pain control can cause dental fear, anxiety
and can lead to behavior disturbance and a negative
attitude towards dental treatment in the future.” Inferior
alveolar nerve block is a common local anesthetic
technique used in mandibular teeth with the benefit of
widely anesthetized tissue, which is useful for quadrant
dentistry. There are several disadvantages of nerve block
such as pain during the injection™, prolonged numbness
involving lip, tongue and buccal mucosa which lead to
self-inflicted soft tissue trauma especially in young
children®, nerve injury, trismus, hematoma and facial
nerve paresis.” Moreover, it has been found that failure
rates of nerve block may range from 44-84 % due to
variations of an anatomical landmark.”” Mandibular
infiltration showed the potential of tissue anesthetization
indifferently to inferior alveolar nerve block with more
advantages in several areas such as simplicity of usage,
comfort when injected, less opportunity to damage the
nerve, and less chance of post-operational soft tissue
trauma.? Nonetheless, a limited anesthetized area by
mandibular infiltration with lidocaine, which is considered
as a gold standard of local anesthetic agent’, showed less
effectiveness than inferior alveolar nerve block when
treating pulpotomy and extraction in children.'

Articaine hydrochloride has been used in dental
practice since 1976."" It is the only amide anesthetic agent
that consists of thiophene ring, which helps increasing
lipid solubility and potency. In comparison to lidocaine,
the potency of articaine is 1.5 times while its toxicity is
only 0.6 times.” Studies of mandibular infiltration with
4 % articaine showed similar pulpal anesthesia compared
to inferior alveolar nerve block with 2 % lidocaine in
adults."”” However, there were only few studies done
in mandibular primary molars when treating pulpitis. In
addition, none of them studied the adverse events.”™
Therefore, this study aimed to compare the efficacy,
including pain scores and adverse events, of mandibular

buccal infiltration with 4 % articaine with epinephrine

1:200,000 and inferior alveolar nerve and long buccal nerve
block with 2 % lidocaine with epinephrine 1:100,000 in

pulp treatment in mandibular primary molars.

Materials and Methods

This study was prospective, randomized clinical
controlled trial and split mouth design, carried out from
March 2017 to May 2018. Ethical approval was given by
the institutional review board of the Faculties of Dentistry
and Pharmacy, Mahidol University (MU-DT/PY-IRB 2017/
012.2802). Trial registration number in clinicaltrials.in.th
was TCTR20180221001. The sample size was calculated
according to Arali’, which compared pain scores during
access opening in children who received pulp treatment
between mandibular buccal infiltration with articaine
and inferior alveolar nerve block with lidocaine. The
difference in pain scores was 0.2. Therefore, the sample
size in this study was 26 for each technique with 90 %
power and 0.01 level of significance.

Healthy children aged 4-8 years old were
screened from the Department of Pediatric Dentistry,
the Faculty of Dentistry, Mahidol University, Bangkok and
Pak Phayun hospital, Phatthalung, Thailand. Participants
who presented with both sides of primary mandibular
first or second molars with extensive dental caries that
need pulp therapy and had co-operative behavior
(Frankl behavior rating scale 3 or 4) were included in
the study. Those who had a history of local anesthetic
agent allergy, analgesic medication prior to dental
treatment or signs of pulp necrosis such as periapical
abscess, tooth mobility or facial swelling were excluded.
Participants were randomized to particular treatment
sequences either with 2 % lidocaine or 4 % articaine
through selecting assigned numbers sealed in an envelope
at the beginning of the process. All anesthetic and pulp
treatment procedures were done by three postgraduate
students, who had the same years of experience in
pediatric dentistry. Each participant received treatment
from the same operator and was blinded from anesthetic
agents and techniques. All the procedures were video

recorded. The procedure started from the right side of
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the mandible at the first visit. Before injection, topical
anesthesia with 20 % benzocaine (Pac Dent®, USA) was
applied with cotton pellet at dried soft tissue at the
site of injection for 1 minute. Then, the local anesthesia
was given with 27-gauge, 21 millimeters needle (Terumo
Dental needle®, Japan) with the injection rate of 1 milliliter/
minute. After randomization, half of the participants
received inferior alveolar and long buccal nerve block
with 2 % lidocaine with epinephrine 1:100,000 (Medicaine™,
Huons, Korea) 1.8 ml in their first dental visit, followed
by buccal infiltration with 4 % articaine with epinephrine
1:200,000 (Septanest®N, Septodont, Canada) 0.8 ml at
mucobuccal fold near the apex of the root and indirect
injection of lingual soft tissue through interdental papilla
distally to the treated tooth 0.3 ml during their second

dental visit with at least 1-week interval. The other half of

0 2 4

Figure 1 Faces pain scale-revised.

Complications were monitored during injection,
after injection, after treatment and 24 hours after treatment
via phone call. The video was cut into two parts: during
injection of local anesthesia and during access opening

and pulp removal, then labeled with code. The sound-eye-

Table 1 SEM pain scale.

participants received treatment with alternate sequences.
The local anesthesia was confirmed by participants’
reporting of soft tissue numbness and probing at buccal
and lingual sulcus of the treated tooth. Thereafter,
rubber dam isolation was placed and pulpotomy or
pulpectomy were performed. Pulpotomies were done
in the teeth that were diagnosed with reversible pulpitis,
while teeth with irreversible pulpitis were treated by
pulpectomies. If inadequate pain control occurred,
additional intrapulpal injection would be given. After
all the procedures had been done, participants were
asked to assess pain using the Faces Pain Scale-Revised
(FPSR) ** as shown in Figure 1. The pain scale was rated
from 0 to 10; in which 0 indicated no pain and 10 indicated

the most severe pain.

motor (SEM) score™ as shown in Table 1 was evaluated
by two blinded independent observers. Ten cases were
used for the calibration of SEM score to ensure the
reliability of examiners at a 2-week interval. When the

scores were different, further discussion was done.

Observations 1 comfort

2 mild discomfort

3 moderately painful 4 painful

Sounds No sounds indicating Non-specific sounds;

pain possible pain indications  “OW” raises voice
Eyes No eye signs of Eye wide, show of

discomfort concern, no tear
Motor Hands relaxed no Hands show some

apparent body
tenseness

distress or tension

Specific verbal complaints  Verbal complaint
indicates intense pain
e.g. scream, sobbing
Watery eyes, eyes Crying, tears running
flinching down face
Random movement of Movement of hands to
arms or body without make aggressive contact,
aggressive intention of e.g. punching, pulling
physical contact, grimace, head away

twitch
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Statistical analysis

All data were processed by SPSS software (24.0,
SPSS Inc., Chicago Il, USA). Inter-examiner and intra-examiner
reliability were tested by Cohen’s Kappa statistics and
results were 0.88 and 1 respectively. Wilcoxon Match-Pairs
Signed-Rank test was used to analyze the difference of
pain scores from video observation during injection and
pulp removal as well as participants’ self-reporting
between the two local anesthetic techniques. The pain
scores using the same local anesthetic technique with
different time sequences was analyzed by Mann-Whitney
U test. The McNemar test was used to compare the need
of additional local anesthesia. A p-value less than 0.05 was

accepted as a statistical significance.

In this study, twenty-six participants, 13 boys
and 13 girls, ages ranging from 4 to 7 years old (average
5.2+0.7 years) were included. One participant reported
having the history of dental injection prior to the studly.
Sixteen mandibular first primary molars and 36 mandibular
second primary molars were analyzed. Baseline variables
are shown in Table 2.

Pain score during injection in lidocaine nerve
block and articaine infiltration were statistically significant
(p=0.002). On the contrary, pain scores during pulp removal
and participant’s self-reporting were not significantly different
(p=0.115 and p=0.109). All pain scores are shown in Table 3.

Considering the effect of the tooth location,
there were 18 participants who received treatment in
the same tooth location in both sides of the mandible.
The pain score during injection also showed the significant
difference between articaine infiltration and lidocaine
nerve block (p=0.004). Whereas, pain score during pulp
removal and self-reported pain score were not different
between articaine infiltration and lidocaine nerve block
(p=0.396 and p=0.356) shown in Table 4.

Since the numbers of treatments in both groups
were different, comparison of the same treatments was
analyzed as shown in Table 5. Eight participants received
pulpotomy and six participants received pulpectomy
on both sides of the mandible. Pain scores during pulp
removal and participant’s self-reporting were not different
between articaine infiltration and lidocaine nerve block.

The comparisons of pain scores using the same
local anesthetic technique with different time sequence
were shown in Table 6. There were no differences between
the first and the second dental visits in both lidocaine
nerve block and articaine infiltration.

There were 2/26 (7.7 %) cases in lidocaine nerve
block and 3/26 (11.5 %) cases in articaine infiltration that
required additional local anesthesia, which were not
significantly different (p=1.000). There was one case in each
method who reported self-inflicted soft tissue trauma at the
lower lip after treatment. No other immediate and one day

post-operative adverse events were found in this study.

Table 2 Number of tooth types and pulp treatments in different local anesthetic techniques.

Variables Lidocaine nerve Articaine buccal p-value
block infiltration
Tooth
- First mandibular primary molar 7 9 0.727
- Second mandibular primary molar 19 17
Treatment
- Pulpotomy 10 18 0.039*
- Pulpectomy 16 8

*statistically significant (p<0.05), McNemar’s test
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Table 3 Mean+SD of pain scores in different local anesthetic techniques.

Pain scores (mean+SD)

Procedures p-value
Lidocaine nerve block Articaine buccal infiltration
Injection 24+1.2 1.7+0.9 0.002*
Pulp removal 1.8+1.0 1.5+0.8 0.115
Self-reported 1.3+1.7 0.7£1.3 0.109
*statistically significant (p<0.05), Wilcoxon match pairs Signed-Rank test
Table 4 Pain scores of the same tooth location in different local anesthetic techniques.
Pain scores (mean+SD)
Procedures p-value
Lidocaine nerve block Articaine buccal infiltration
Injection 2.7+1.2 1.9+1.0 0.004*
Pulp removal 2.0£1.1 1.8+0.8 0.396
Self-reported 1.4+1.8 1.0+1.4 0.356
*statistically significant (p<0.05), Wilcoxon match pairs Signed-Rank test
Table 5 Comparison of pain scores in different local anesthetic techniques base on treatments.
Pain scores (mean+SD)
Treatments p-value
Lidocaine nerve block Articaine buccal infiltration
Pulpotomy (8 cases)
- Pulp removal 1.8+1.0 1.6+0.9 0.581
- Self-reported 0.8+1.0 1.0+1.5 0.739
Pulpectomy (6 cases)
- Pulp removal 2.3£1.3 1.3+0.8 0.180
- Self-reported 1.0£1.7 0.0+0.0 0.066
*statistically significant (p<0.05), Wilcoxon match pairs Signed-Rank test
Table 6 Comparison of pain scores in different local anesthetic techniques base on visit sequence.
Pain scores (mean+SD)
Local anesthetic techniques p-value
1% visit 2" visit
Lidocaine nerve block
- Injection 24+1.2 24+13 0.815
- Pulp removal 2.0+0.9 1.7+1.1 0.185
- Self-reported 1.4+1.5 1.2+1.9 0.570
Articaine infiltration
- Injection 1.7+0.8 1.8+1.1 1.000
- Pulp removal 1.5+0.7 1.5+0.8 1.000
- Self-reported 0.9+1.3 0.5+1.2 0.235

*statistically significant (p<0.05), Mann-Whitney U test
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Discussion

Pain was subjective and depended on an indi-
vidual’s experience."*'" This study was designed as the
prospective randomized split mouth with at least 1-week
wash out period, which minimized carryover effects.
However, the carryover effect could not be completely
eliminated. The same local anesthetic technique with
different time sequences was statistically analyzed. We
found no difference between the two different dental
visits. Thus all data could be used in this study.

The local anesthetic technique used in this
study was buccal infiltration with lingual indirect injection
through interdental papilla, which has not been used

in the previous studies.”™

The reason of indirect lingual
injection is that buccal infiltration cannot provide adequate
lingual soft tissue numbness, which is needed when
performing pulp treatment with rubber dam isolation
and restored with a full stainless steel crown.”®" The
amount of articaine used in this study was 0.8 ml which
is the lowest amount that could be effectively used in
pulp treatment of mandibular primary molars.™

Pain assessment in this study focused on two
aspects. First, the pain reported by participants, which
is considered as the gold standard for pain evaluation."”
FPSR was a scale that showed the highest validity and
appropriateness for the participants’ age in the study.”
Another aspect for pain evaluation was also used, since
children might have limitations when reporting their
pain. Observational assessment with the SEM pain scale
via video was done during injection and pulp removal.
The SEM pain scale was suitable for monitoring participants
when receiving dental treatment with great reliability.'
Video was repeatable and observers should be blinded
from the local anesthesia methods when evaluating the
SEM pain scale during pulp removal. However, the injection
technique could not be blinded when evaluating the SEM
pain scale during injection because the different position
of needle insertion.

Pain assessment by the SEM pain scale during
injection in this study showed significant lower pain

score of articaine buccal infiltration compared to lidocaine

nerve block. The similar results were also found in previous
studies.”**”" More pain might be obtained with nerve
block because of deeper tissue penetration and a higher
amount of local anesthetic agent used compared to buccal
infiltration.”” On the contrary, one parallel randomized
controlled trial found that the pain during injection was
not different.” In addition, use of topical anesthesia
before injection in a different site may affect pain. Mucosal
dryness of the inferior alveolar nerve block area is more
difficult than that of the buccal area. In our study, we
were aware of the effect so we controlled dryness at
both areas before applying topical anesthetic gel to
maintain the efficacy of topical anesthesia.

Although, the number of pulpotomy and
pulpectomy between the two groups were different
but both treatments needed pulp removal. Pain scores
during pulp removal and participant’s self-reported
overall pain were not different in this study, similar to
the results of one previous study.” However, some
studies showed a lower pain score of articaine infiltration

compared to lidocaine nerve block during pulp removal™**

and participant’s self-reporting.”****

This might result
from the differences in the protocol of the studies, such
as the different ages of the participants, the amount of
local anesthesia used and the pain assessment methods.

The need of additional local anesthesia was
found only in the second primary mandibular molars
in all five cases, which later received profound anesthesia
after additional intrapulpal injection. This might be due
to the density of the bone, which can decrease the
penetration of local anesthesia.'® Moreover, this study
used 0.8 milliliters for buccal infiltration which was the
earlier reported minimum amount of local anesthesia.™
Increasing the amount of local anesthetic agent could
be considered when using articaine infiltration to provide
better pain control compared to lidocaine nerve block.’
Even though one paralleled study showed no difference
when using a higher amount of local anesthesia.”” The
unsuccessful anesthesia of the inferior alveolar nerve

block might be explained by the anatomical variation
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of the mandibular foramen. Repeating the local anesthesia
or a supplemental injection should be done to enhance
the success rate of this technique.”

Immediate adverse events were not found in
this study. The follow up protocol was designed to
monitor via telephone for convenience and practical
reasons. The only adverse event found in this study was
lower lip biting in one case of each local anesthetic
method. Both participants reported lip biting after receiving
the first dental injection at the second primary mandibular
molars. This result may demonstrate that not only infiltration,
but also modified mental nerve block might be obtained
after articaine infiltration which led to the numbness of
the lower lip.” Similarly, the incidence of soft tissue
injury was one out of forty-nine cases in both lidocaine
and articaine injections in the previous parallel randomized

controlled trial.”?

Therefore, postoperative advice of
self-inflicted soft tissue trauma should be given even
after buccal infiltration. No other adverse events were

found in this study.

Conclusion

Buccal infiltration with articaine could be effectively
used in pulp treatment of mandibular primary molars, with
less pain during injection compared to nerve block with
lidocaine. Postoperative advice of possible self-inflicted

soft tissue trauma should be given after buccal infiltration.
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