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Instruction for Authors

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

Categories of the Articles

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

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

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

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

Manuscript Submission

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

Contact Address

Editorial Staff of the Journal of the Dental Association
of Thailand

The Dental Association of Thailand

71 Ladprao 95

Wangtonglang Bangkok 10310

Email: jdat.editor@gmail.com

Telephone: 669-7007-0341

Manuscript Preparation

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

should be typewritten.

For Thai article, use font of Cordia New Style size 16
in a standard A4 paper (21.2 x 29.7 cm) with 2.5 cm
margin on all four sides. The manuscript should be
typewritten with 1.5 line spacing. Thai article must
also provide English abstract. All references must
be in English. For the article written in Thai, please
visit the Royal Institute of Thailand (http://
www.royin.go.th) for the assigned Thai medical and
technical terms. The original English words must be
put in the parenthesis mentioned at the first time.

Numbers of page must be placed on the top right
corner.The length of article should be 10-12 pages
including the maximum of 5 figures, 5 tables and 40
references for original articles. (The numbers of

references are not limited for review article)
Measurement units such as length, height, weight,

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

. Standard abbreviation must be used for abbreviation

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

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

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

Preparation of the Research Articles

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




2.Abstract
The abstract must be typed in only one paragraph.

Only 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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Titanium and Titanium Alloys in Implant Dentistry
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Abstract

Titanium (Ti) and titanium alloys have been widely used as biomaterials in medical and dental aspects.
Titanium has high strength, excellent biocompatibility and corrosion resistance. In dentistry, titanium gains increasing
important role as an implant material used in restoration for tooth loss. The uses of titanium, as well as research

and developments of this material, are becoming in focus. This article reviewed the biological responses to titanium
implant placement, and also osseointegration process. Research and developments of titanium and titanium alloys
in order to achieve better clinical outcome were also mentioned.

Keyword: Osseointegration, Titanium, Implants
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Tnwdles (Titanium; Ti) LfJui’a@ﬁlﬁi”ummﬁau
THulunanisunmduasnaiunnssy esanlmmden
Dutanfifinnauudausegs anudufivin avaudhiuldiy
\awdomsTanim (biocompatibility) uazaudumuns
finnsau (corrosion resistance) gadlawisuiulansaiingu 4
dreamautved nmdeuwaslavesalnmdenia
SaquénildiduTanuanila (mplants) MAeadesfiunsysasy
Wemaunumsgaydonsegn wu fewiien deazlnnifion
sinfludiey Tumeiuenssuy nndeudaniiunumdfy
Tun1sShwvatesiu Wy Wuiisuneals Huisufauiuy
hunnssudeit nemmzesnsdumenuiusnssumnihadien
unAaUTTmitaenanfnuauifivesmmidauaslans
waslniilen yufsnsideiauniousuupauaifives
Tnndennazlansnaulnmdouldiduiaguanilauas
nnituienileduafiliinnszgnidenyszanuvienseuiums
poadleduiiinitu (osseointegration) g
Inwdsunazlansnaulmndou

Tnmdeuildeumenisunmduagnaiuanssy
Taovhlvazegluguinmionuigvdilsannisdaunse
(commercially pure titanium; cpTi) wazlavznanlnmiies
(titanium alloys) FaAnainnisldlaneaiindu (alloying
elements) Wilorasulassaswvaslmmiley W Ti6ALaV Aif
nsldegiitles (Aluminium; AD waganuies (Vanadium;
V) Bsithminluanadiinilnmdendnly lulgiuiing
TuunUszinnvelmnidentaslavesnaulnmioulavans
wuu Wy wlseulassasrenanveslnmisulaidudadin
Ty (OL-titanium) wagtudnlmdey (B-titanium)
wazuUsUszinnvedlavenadlnmdoununavestaned
Taindluindwmalilassadwdnvednmidenians
Wasuwawuaedinruatiostufienile Ssannsouisldidu
Taviznauvingarh Tavenanutinius lavienauviindarh-tus

A15999 1 pauaRvewInndeusmiuianugnils (implant)*
Table 1 Properties of titanium bar for implant

wazuUsgoalu lanenanaiindlnddarh (near-o) uazlane
wavdadnamda-ud (metastable-B) wonaniudy
anfueleaiidy Sumediuduuua (ASTM International)
YoUsEmAansgoinT lmuuawuanisluniswuanse
Tmidonmsuumadldlunsuiuuseuaifvedans 1
11 30 insn Tnglndeuaslanguaslnmidoniiden
T dutanugnilaindulmmdemnse 1 8 5 Faflanuuan
matuludadiuvedimieuareondiauiiludulsznou
(M) Tnglamilonuigrddaeglungulnmideunsa 1
94 (ASTM F 67) filviniflesndussdusznausnnniniouay
99 519du ) Muesduszney ldud eendiau (Oxygen; O)
wian (Iron; Fe) A1uau (Carbon; C) lalasiau (Hydrogen; H)
uazlulmstau (Nitrogen; N) Tungailyinion3qws Iniidles
insn 1 Sianaiu3gvisgean Sidndausendiausiian euseu
wazeuBaviugeian Janudumumsianseugs uas
ansnsndugUldine srlflunsdiifosnistugulnmdendy
wiuFevie luvaiilninidomings 4 asidndiueendiaug
fian uagiimnuudaussgefigalungulnmienndans dwiy
Tavzwanlmnideon Ti-eAL4V dnlulnmdeninsa 5 (ASTM
F 136) Tavenasnmideninifrnuudusguissnndu
Tavewaueindar-wd Suwdniun Sarwanansolums
FUNUNISAANTBUEN LLﬁzﬁﬂMﬂiﬂﬁugﬂlﬁdﬂﬁLﬂuﬁu Vinloalgl
Supufisalumslionmansumeuasulugpamnsa
"l wu msBusazerne Feldiunzia laideuiidey
Tlusuiusnssusniluieuindulnndsuuianile
mnzegndslvinidennsa 2 way 4 dulmndoniifen
Tlumansunndiitelilunsinuiiisadeaiunsegnlng
nnzegedsluuinadidesiuusannindulnmidennsa
5 iesanileuudaussgenin ™ auaudivnluvednden
in3a 1 fansn 5 wandlunsad 1

Tndleansa
1 2 3 q 5
dndrusandiau (%) 0.18 0.25 0.35 0.40 0.13
ANULAUATIN (Yield Strength; MPa) 170 275 380 483 795
ANUATUNUULTIASEIER (Ultimate tensile strength; MPa) 240 345 450 550 860
n138ne (Elongation; %) 24 20 18 15 10
ua@ﬁ”ﬁﬁmmju (Elastic modulus; GPa) 103-107 103-107 103-107 103-107 114-120

* GautasnIn Elias uaepaly’ way Sidambe uaspaly’
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rpRUAUeIsBMNNTIIRINaIlneRinNsE1RNEeR (clot)
a v < L a a = ° Y A g
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397393t (vascular endothelial growth factor; VEGF)
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Table 2 Osseointegration between titanium surface and bone
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Abstract

An understanding of how the masticatory muscles respond to functional appliances that move the mandibular
forward, i.e. activator, Herbst, Forsus appliance, etc. provides a necessary physiologic detail and it is essential to
the field of orthodontics and oral physiology. Electromyography (EMG) has been used to assess both qualitative
and quantitative muscle functions. A number of studies attempted to find out the response of masticatory muscles
during the use of mandibular forward positioning appliances, but the results have been inconsistent. The purpose
of this article is to present research findings related to the masticatory muscle responses to mandibular forward

positioning appliances assessed by EMG.
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Introduction

Class Il malocclusion is @ common pattern
worldwide"” which comes to orthodontists with a variety
of configurations that are skeletal, dental, or both.* The
skeletal problem, most common with mandibular skeletal
retrusion®, has been treated with functional appliances
for decades to alter the neuromuscular activity around
the mandible.”° The function of masticatory muscles is
believe to affect craniofacial erowth, orthodontic treatment,
and dentofacial orthopedic treatments.'""* Therefore,

the objective of this kind of treatment is to improve the
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quilibrium of the muscles and correctly balance the forces
inducing the growth and the development of craniofacial
skeletal morphology.'*"

The effect of orofacial musculature on the facial
morphology and dentoalveolar position has been widely
studied. The main muscles that are attached to the
mandible are the masticatory muscles, e.g., masseter,
temporalis, medial, and lateral pterygoid muscles, and
other associated muscles such as suprahyoid muscles.

These muscles may play a part in the dentoskeletal



morphology and also the possible cause of relapse after
orthodontic treatment.’*” To determine the activity of
these muscles, electromyography (EMG) is used because
it is the most objective and reliable technique for evaluating
muscle function.”

Electromyography (EMG)

EMG is an electrical technique to assess neuro-
muscular activity using electrodes which basically determine
how active a muscle is during both static and dynamic
conditions. It has been widely used in the research field
and medical practices as a diagnostic tool in a nerve
conduction study called an electrodiagnostic study?, as
a treatment method called biofeedback training” and
in neurophysiological studies to understand the activation
pattern of muscles. Dentistry commonly uses EMG in studies
of temporomandibular joint disorder, muscle disease of
the head and neck region, cranial nerve lesion, seizure
disorders, and in muscle response to various activities
and appliances.””**

The EMG signal is an electrical current that is
generated by the flow of ions across the membrane of
muscle fibers which can activate a potential action to
produce muscle contraction. The signal is transmitted
through the surrounding tissues to reach the electrode
detection surface.”® Once the signal has been amplified
and filtered, it is displayed in the time domain along with
amplitude, duration, and frequency of muscle activity.
The visual representation is called an electromyogram.”
The electromyogram can be processed in various types
depending on its application such as a mathematical
analysis, like an integrated value, root mean square value,
or frequency domain transformation to measure muscle
fatigue.”®***!

There are two kinds of EMGs: surface EMG and
intramuscular EMG. The intramuscular EMG can be
performed using either needle or fine-wire electrodes
that penetrate into the target muscle with a surface
electrode as the reference. When the electrode is inserted
into the muscle, the motor unit action potential can

be recorded.” This represents the summated electrical

activity of action potentials of all muscle fibers which
are innervated by the same motor nerve fiber. In contrast,
surface EMG (SEMG), which is safer, easier and non-invasive,
represents all electrical activity beneath the surface
electrodes. Therefore, this method is very sensitive and
easily affected by noise and environmental factors, like
hair or a fat pad beneath the skin.”**' Moreover, it cannot
record the activity of deep muscles like the medial and
lateral pterygoid muscles and can hardly assess muscles
under unfavorable skin conditions, such as the posterior
part of temporalis muscles which are covered with hair.
Thus, the masseter muscle and the anterior temporalis
muscle are more favorable for the surface EMG studies.™

The EMG signal is affected by physiological,
anatomical, biochemical, and technical factors. Carlo De
Luca™ described thoroughly these factors including the
electrode structure, its placement, the intrinsic factors, e.g.,
muscle fiber type, diameter, subcutaneous tissue, and
also other factors like age and sex. Therefore, comparisons
of EMG both within and between individuals is potentially
fraught with reliability problems unless a normalization
technique is used.” Several forms of normalization exist,
the most common method is to compare the raw signal
with maximum voluntary isometric contraction. Due to the
inconsistency of maximum effort, submaximal voluntary
contraction is used instead in some studies.**** For
comparison between participants, Ferrario et al.’" also
invented indices which were the asymmetry index, activity
index, and torque index, which have been used in many
studies of masticatory muscles.”*
Mandibular forward positioning appliances

Since the 1930s, a wide range of functional
appliances, designed to correct class Il malocclusion with
retrognathic mandible, gained popularity in Europe and
spread throughout the rest of the world.*** These
appliances aimed to stimulate mandibular growth by
forward posturing of the mandible and they are effective
to correct this type of skeletal and occlusal disharmony
in preadolescent patients. The appliances can be either

removable, activator or bionator, or fixed, Herbst appliance,
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Forsus appliance, tooth borne, or tissue borne appliance
(Frankel-ll appliance).

The understanding is that a functional appliance
in a growing patient can be very effective in reducing even
avery large overjet” but some authors believe there is little
evidence to support the fact that functional appliances
significantly alter mandibular growth.”*” In any case, there
is still controversy."” From a systematic review of functional
appliances in class Il malocclusion’, most previous studies
reported clinically significant supplementary elongation
in the total mandibular length as a result of overall
active treatment with functional appliances. The Herbst
appliance showed the highest coefficient of efficiency
(0.28 mm per month) followed by the Twin-block appliance
(0.23 mm per month). On the other hand, some studies
claimed that the main changes caused by functional
appliances were of dentoalveolar nature that included
distalization of the maxillary posterior segment, lingual
inclination of maxillary incisors, mesialization of the
mandibular posterior segment, and buccal inclination of
mandibular incisors.”>*' Janson et al.” reported that most
changes were dentoalveolar with fewer skeletal effects
in patients treated with the Frankel appliance, in contrast
with Toth and McNamara.” The Frankel appliance can also
rotate the mandible either forward or downward which
may stretch the surrounding muscles which could initiate
bone modeling at muscle-attached site.

The aim of this article was to present the masticatory
muscle responses to mandibular forward positioning
appliances in terms of EMG changes. Furthermore, the
results of previous studies are discussed.

Masticatory muscle responses to mandibular forward
positioning appliances

Table 1 summarizes all studies related to the
use of EMG in studying the effect of mandibular forward
positioning appliances.

Lateral pterygoid muscle

In 1973, McNamara'® was the first to study neuro-
muscular adaptation of mandibular forward-positioning
appliance therapy using needle EMG to evaluate the lateral
pterygoid muscles in rhesus monkeys (Macaca mulatta)

during postural and functional movement. He found an
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increase in lateral pterygoid activity from forward positioning
of the mandible during the experimental period but after
8-12 weeks the activity decreased or disappeared. The
results were used to develop the “lateral pterygoid muscle
hypothesis” which stated that after the insertion of a
functional appliance, an increase in postural activity of
the lateral pterygoid muscle was responsible for increased
condylar growth. In contrast, Sessle et al.” reported a
decrease in postural EMG activity of the masseter, digastric,
and lateral pterygoid muscles in monkeys during the
six-week experiment that gradually returned to the
pretreatment level. Also, Yamin-Lacouture et al’
demonstrated similar results as Sessle et al. by using
implanted hook electrodes in monkeys with the Herbst,
Frankel, and simulated Clark Twin-block appliances and
demonstrated a decrease in EMG activity within the
experimental period of 12 weeks which then returned
to pretreatment levels. They reported that the decrease
of EMG activity was possibly due to shortening of the
lateral pterygoid after the insertion of the mandibular
forward positioning appliances and the altered masticatory
muscles changed the swallowing patterns. In 2000, Hiyama
et al>* tried to develop a painless and non-invasive surface
EMG technique to evaluate the lateral pterygoid muscle
in humans and used it to evaluate the Herbst appliance
during therapy. The results showed an increase in lateral
pterygoid muscle activity immediately after insertion
and removal of the appliance which supported the lateral
pterygoid muscle hypothesis'® and then decreased to
the previous level in 4-6 months which was presumed
to be the lateral pterygoid muscle adaptation period.
Though these studies were not totally concordant,
they concluded that there is a period of time when lateral
pterygoid muscle activity rebounded to the original level
which could imply that this muscle had an adaptability
potential of around six weeks to six months.
Jaw-closing muscles: masseter and temporalis muscles
Research by Sessle et al.” and Yamin-Lacouture
et al’ also studied the masseter muscles in monkeys.
They reported the same results as the lateral pterygoid
muscle which demonstrated decreased activity in 6-12

weeks and rebounded later. They reported that an



increase in the vertical dimension could elongate the
masseter muscle and alter the swallowing pattern of
the monkeys.
Rest position

In early human studies™*, increased postural
jaw elevator muscle activity was found during the use of
an activator but other researchers™* found no difference
or even decreased activity. In 1988, the results of a cross-
sectional study designed by Miraelles et al.” showed no
significantly different integrated EMG values of the masseter
and anterior temporalis muscles between activator users
and non-users in the rest position. However, as discussed
above, it is not recommended to compare the EMG
values between participants. Later in 1999, Aggarval
et al.”” conducted a longitudinal study to observe ten
young patients (ages between 9-12 years old) with Twin-
block appliances. The locations of the electrodes were
standardized to allow a comparison between participants
over a period of time.” The results of the treatment at
1, 3, and 6 months showed an increase in peak-to-peak
amplitude at rest in both muscles but the differences
were not statistically significant (p>0.05) in the anterior
temporalis muscle. The improvement in temporalis
muscle activity was in agreement with other investigators**”
who reported that the values at each recording were
higher with the appliance due to the intervening signal
from posterior temporalis muscle, which tried to retract
the mandible back. The increased postural activity of the
masseter muscle was thought to be a stretching reflex
due to the protrusion of the mandible.”’

A recent longitudinal study by Cuevas et al.*’in
2013, investigated 27 patients treated with a Teuscher
activator with high-pull headgear. The mean EMG values
of the masseter, anterior and posterior temporalis muscles
at rest after finishing the first phase of treatment (mean
activator treatment time = 1.1 year) were not significantly
different from the pretreatment values. By using Ferrario’s
EMG indices”, the asymmetry index showed more sym-
metrical muscular condition after functional treatment.

The activity index showed more predominance of the

anterior temporalis muscle in the rest position which
supported the role that the temporalis muscles were
important in positioning the mandible in normal young
patients.” Two years after orthodontic treatment had
finished, the mean EMG values increased and the author
claimed that was due to good neuromuscular adaptation
of the mandible. From another point of view, that possibly
resulted from increased age of the children.

Isometric contraction

Another way to evaluate muscle activity is
isometric contraction which can be performed while
clenching the teeth with maximum or constant submaximal
force.”***" Similar to the rest position, various results were
demonstrated in previous studies. Miraelles et al.” also
reported no significant difference of integrated EMG
values of the masseter and temporalis muscles between
activator users and non-users. The results from a study
by Aggarval et al.”" were contrary to the results of a study
by Miraelles in that an increase in peak-to-peak amplitude
of both muscles during maximal voluntary clenching
after six months of using a Twin-block appliance was found.
Interestingly, when clenching immediately after the insertion,
the muscle activity was lower in both the anterior temporalis
and masseter muscles which was assumed to be the
abrupt change of these muscles.

In 2011, Sood et al.*” designed a longitudinal study
with 15 female patients with fixed functional appliances
(Forsus™). The patients were evaluated periodically for
two years with standardized placement of the electrodes.”
During maximum voluntary clenching, the EMG values
significantly decreased in 1-3 months (p<0.05) after ligating
the Forsus™ apparatus which concurred with other studies

with functional appliances®***’

, then gradually started
to increase and returned to pretreatment levels within six
months and remained stable until the end of the two-year
observation period. It was believed that this was due to
muscle adaptation.

Cuevas et al.”’ also observed decreased left
masseter activity after functional treatment. This finding

was probably caused by unstable occlusion or less occlusal
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contact area of the posterior teeth during maximum
voluntary clenching after the position of the teeth and
mandible were changed. In the 2-year observation period
after finishing orthodontic treatment, left masseter activity
increased to the pretreatment level, and the other jaw-
elevated muscles had increased activity compared to
the pretreatment level. These findings were associated
with improvement in the occlusal conditions, i.e. contact
quality and stability, after orthodontic treatment as well
as the increase in age.

A recent randomized controlled trial study
in 2014 by Satygo et al.”” demonstrated a significant
increase in sEMG activity of the masseter and anterior
temporalis muscles during clenching after treatment with
a pre-orthodontic trainer for 12 months. Thirty-six patients
with class Il division 1 with mandibular retrognathism
were functionally treated. Twenty-two patients who
had the same diagnosis were also included in the study
but were untreated. The normal control group included
20 participants who had normal occlusion. The EMG
recordings was analyzed without normalization. At the
beginning of the study, the participants with a Class I,
division 1 malocclusion (treated and untreated groups)
showed EMG activity that was approximately 1.5-fold
less than the control group. After 12 months, the control
group remained with similar values in both masseter and
anterior temporalis muscle. However, the treated group
reported a significant increase in the activity of both
muscles (p<0.001) that reached the values of the control
group. On the other hand, the untreated controls reported
no significant change in the EMG activity compared to
baseline. The authors cited Moss’s functional matrix theory™
and claimed that improvement in muscular activity would
accelerate bone remodeling at the condyle and lead to
adaptive mandibular growth and improvement in the Class
Il sagittal relationship. Similar to a previous experimental
study, Erdem et al.'* demonstrated increased masseter
and anterior temporalis activity during clenching after 12

months of activator treatment compared with the un-
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treated group. This increase in muscle activity might be
aresult of a more stable occlusion after functional therapy.

In 2017, Di Palma et al.” measured masticatory
muscle coordination after functional treatment with a
Sander appliance for 12 months without normalization
technique by calculating the EMG indices, e.g. percentage
overlapping coefficient, torque coefficient, and activity
index, which were recommended due to the limitation
to fix the position of the electrodes. A symmetrical activity
was shown before and after treatment without alteration.
They reasoned that a stable treatment outcome resulted
from a good muscular equilibrium.

The findings of most aforementioned studies
indicated that adaptation of these jaw closing muscles
occurred within a certain period of time (six weeks to three
months) whether the muscle activity was observed to
increase or decrease.

Functional movement and other associated muscles

Many studies not only evaluated the masticatory
muscles but also the other associated muscles, e.q.,

7 . .
2938 since their

orbicularis and suprahyoid muscles
functions are related to mastication and deglutition. In an
animal study, Yamin-Lacouture et al.” also evaluated
intramuscular EMG during swallowing at the anterior
portion of the digastric muscles. As with other muscles,
digastric muscle activity gradually decreased within 12
weeks and then was restored to the original value.
Again in a study by Cuevas et al.**, the suprahyoid
and jaw-closing muscles were studied during the swallowing
and mastication. During both movements after functional
treatment, all muscle activities increased continuously
until two years after completion of orthodontic treatment
which was assumed by the authors to be good adaptability
of the jaw muscles to the new jaw position. Similar results
were found in an experimental study by Erdem et al."*
during a 12-month observation period that compared 15
class Il division 1 patients treated with an activator with
ten untreated participants. The masseter and anterior

temporalis muscle activities were increased during



chewing in the treated group after functional treatment,
but there was no significant difference in the activity
during swallowing compared with the untreated group
which was contrary to the study by Cuevas et al.” However,
Cuevas et al.”’ claimed that the suprahyoid muscle
activity eventually decreased significantly and the authors
discussed that it was probably related to more mature
swallowing.

Erdem et al.** found an increased orbicularis oris
activity during whistling after 12 months of functional
treatment compared with the untreated group with a 12
month observation period. Moreover, Saccucci et al™
evaluated the upper and lower orbicularis oris muscles
between 13 Class Il division 1 children with deep bite and
lip incompetence and 15 normal children. The sSEMG was
recorded before treatment with a preformed orthodontic/
functional device (Occlus-o-Guide™Ortho-Tain Inc. — Toa Alta,
Puerto Rico) and at 3 and 6 months after treatment in
many activities: at rest, during kissing, swallowing, mouth
opening, clenching, and mandibular protrusive position.
Before the treatment, the treated group showed lower
activity of the lower orbicularis oris muscle in most activities
except during swallowing. At 6 months after treatment, the
treated group seemed to reach similar muscle activity as
the normal children which claimed to be an improvement

in form and function of the orofacial muscle structure.

This review presents the neuromuscular activity and
adaptation associated with various types of mandibular

forward positioning appliances and discusses the uses of

EMG as a tool to clarify the neurophysiology of the orofacial
complex.

Due to the inconsistent findings among the studies,
a standardized protocol to measure EMG is needed. For
example, the normalization technique can reduce the
factors which affect the reliability and allow between-
participants comparisons. A multi-national consensus
initiative called SENIAM (Surface Electromyography or
Non-Invasive Assessment of Muscles) and the ISEK (Inter-
national Society of Electromyography and Kinesiology)
have unified the methodology of SEMG recordings which
could be a consistent standard for future studies. To
apply the investigations in dentistry, the diagnostic tool,
treatment outcome evaluation, and even biofeedback
training have been developed. The scientific devices and
processing methods have also allowed the researcher to
create interesting novel investigations concerning EMG
that are more accurate and effective under a qualified
methodology.

In conclusion, due to technological factors, research
design, and other limitations in previous studies, the studies
on EMG have no clear-cut agreement. As reviewed above,
there was some reported improvement in EMG activity
while other investigators reported different results in
muscle activity, different appliances, and different periods
of observation times. Thus, most of these results showed
that the appliances could alter the orofacial neuromuscular
activities by either improvement or reduction, and the
adaptation of the muscles might occur within a few months

orin a half year.

Nalamliang and Thongudomporn, 2020 99



- Z=u 1OJJUOD Al
saouendde 300\g-um| e Z=u 11
saouendde yaxuely plosAid spninduwe ¢=u Il
ssduendde 1squsH 1eiR1e) wnwiixew uesul Z=u I
‘oouendde ue Suueam Jaye ssoam ‘pioAy-eidns ‘eale ueaw ‘DN (SUD)N2ISDf DOLIDYY) 1D 12 SPISPOOM
9-¢ UIYIIM PIsSeaIdap SeM S2)2SNW ). JO AUAIDY syjuow 1 ‘19)955e )\ sjooy pajueydu| SIKZ-G'1 sAoxuOW 91wy d)iusANf 2ININ0DET-UIWRA
- Z=u 10J3u0d
"SYP9M 9 IR aouendde aaisnijoud Jeuorouny p1oSAIYd Z=u I
pPa.1IN220 12A9) @duendde-sid ayy 03 punogai oouendde 3squay eia1e) Z=u |
v 'syoam 9 Ajarewixoidde Joy pasealdap ‘ploAy-eidns (SUDINDIDSDS DIDIDYY) 1710 12 SPISPOOM
paulewas plosAiaid Jesaie) ayy Jo AJAIDR DN SHEIM 8T-ZT ‘19)955e o3 payue)du SIKZ-G'1 SASMUOW D)W} d)IUdANM 915595
"J0}eAIDR DY)
YHM $393[gNs Ul Jaysly A)JUedIIuSis sem s210snud
shelodwa) pue I93assew 3y} ul AyAoe ayl (I)
*JO}BAI}OR INOYIM pUR YHM snesodway
$309[QNS U9aM}aq SUIYDUD)D pue 153l Je AHAIDe Jlouayue anjeA pajessaiy| uolsno0ew 1032
DN Ul 92UJ244Ip JUBDIUSIS OU Sem a1y (]) 2)eIpaWIW| 101eAIDY ‘19)955e )\ D3 22euns SIA G1-8 (6 9)PW} ‘9 9BW) GT=U T UoISIAIg ‘| SSeD 19549g ‘saneiIN
DWIRYBIU By} Bupnp
P3AISSGO JOU Sem AYAI}OR Pasealdul 3y (Il)
"SWIARP B4} SuUNp PaNgIyUl
219M s9)2snW shelodway ng ‘pasealdul snejodway ejep uolsno>0jew
SEM S$212SNW J931asseul Jo AjAnde ay] () J101eAIDY ‘19)955e )\ Mel DN PN Sk 91-8 0z=u T UoISIAIg ‘| SSeD PRIV
(uaWLdxa) g=u
Sk J-9 (1ou02) p=u nnpe Al
(Juswiadxe) ¢=u
SIA Gp-p (1ou02) p=u Judsaj0pe
(UswWLadxa) g=u
"3Unaseq 0} pauinial sk -1 (1013u0d) p=u apusAn( |
pue paseaidsp ANAOe Y3 ‘A)1enjuand (1)) (uaWLadxa) g=u
'}S91 Je PUB SIUSWDAOW JeuolIduNy SIK 1000 (1ou02) p=u JUBU
18 Y3og ‘@)2snwl plosAiaid jeiaie) ayy jo peay Juswiadedsip plosAisyd (D3ID)NW DODIDYY)
Jouadns ay) JO A)AIIDE PaseaIdUl Sem 43y (]) SYoam ¢1 Je)ngipuew jeuo}dun4 1es3e] BINEENEEN sAaxUOW snsays gz o1BlBWeNI
Suipuly urepy uoneing (s) @>uenddy (s) @2sn \eualey 2y 9)dwes sdnois Apnis (s) dloyiny

saoupyddo suiuonisod piomiof aonqgipubw 03 sasuodsal 2)2snwl AI0}p213SOW JO salpnis [ 3)qoL

100 J DENT ASSOC THAI Vol.70 No.2 April - June 2020



“SUIMO)BMS SULINP JUJaHIP A)3uediiusis Jou
sem 31 Ing ‘Suimayd pue suiyou)d suunp dnois

pa3e313UN By} Uy} S10W A)Juedyiusis paseasdul

AjIAIoR 219sNW 3y} ‘dnols pajeasy syl U (If) sk
'sdnols yyoq snejodway CTFOTT (Pa3ea13UNn) OT=U
Ul pasea.dul A)JUeDIIUSIS S2)2SNWU 19}9SSew Joudjue SIA suoisn)2d0)el
pue siejodwa) Jousiue ayy Jo AuAnoe ay| () syjuowl z1 10}eAIDY ‘19)9s5e A O3 2oeung TTFCIT (pPa1ea1)) GT=u T UOISIAIP [D 4110 32 Wispi3
‘soouendde ayy uo Suiiq aIYm
pasealdap soljel Jajassew-sneiodwal ayy (I ones \W/L suolsnd0)ew
'9582409P O} PAPUS) ISNW ‘anjen pajeisajul snouas Aue
siesodwa} ay3 Jo AJAIROR B3 INg ‘Osealdul 0} ou3ses|p ‘anjeA payidal INOYNM SUOIIIUSP
pPapuUS) 2)2SNW DLISESIP Y3 JO AUAIDR 3y (Il) souendde sanoe suuds ‘snesodway 95eIaAR ‘DIAT 919)dwiod
‘doas pue awnkep Suunp ueyy Sulyouad Jouaue 2oepns a)gepod pue suole)ai 1510 12
Suunp AUAIDOE 210U PBY $912SNUI 1Y (1) 2)eIpawiw| J03eADY ‘1939sse papIs-1ysly sik 9'9z ZI=u ‘e 1832)9%5 JO A}aLep epan ‘aqe]
"JUSWIRRIY JO SYIUOW 9-f JDYe Pasesldap aNjeA pajessaiul suolsn)>d0)ew
}1 INQ ‘UOIUBSUI Y} JaYe pasealdul Aja3eipaulw plosAiayd ueawl ‘O3 T UOISIAIP 10 12
919snw plosAiaid esie) Jo AUAIDE By SYIUOW 9-p saouendde 1squaH 1esa3e 90BJNS |RIORIU| SIKZTI-v6 (G 9wy ‘T 9)ew) 9=u ‘Il sseD 2)5uy ouQ ‘eweAlH
*AJIAI}DR U9)9SSeUU Ul 95BIDUl \enpels e sem
212y} ‘SUIyduU)D AURJUNOA Jeuixeu suung (Iif)
‘9ouendde ¥201g-UIM | 3y} INOYIM pue Yyim
syuaned usamiaq JUDIDHIP JOU Sem SIsNU
410q 4o ANARDE Sy} ‘Suimoyems suung (1) syjuow 9
'919snwW sieiodwia) Joudiue Y} Ul JUBDIUSISUL  JuSWILRAXD snejodway 9)qIpuBW papniai ;1012
A)eonsizeys sem 31 ing apninduwe sead-o3-sead ‘syauow 9 Jouaue sead-oy-sead pue uoIsn)>20ew epuegieyy|
Ul 95ea.0Ul U pey S9OSNW Y}og 1591 1y (])  10J3U0D-}9S saduendde yooyg-uim | ‘1939s5e ‘DI 20BUNS SIKZ1-6 0T=U ‘9)ewsa} T UOISIAIQ || SSeD “emiessy
"JUDIDHIP JOU Sem JOJeAl}oe
93U} INOYIM UOIRAIDSCO JO PUD DY} puUe Jeijul
3} U9aMIDQ $212SNW Y104 JO ANIAIRdR 3y (1Il)
"JUSUIIRDIY JO PUD DY} Je Paseaidsp
AJIAIDE DY} INg 1591 e AYAI}OE JO 9sealdul
A)JUBDIUSIS B SeM 2343 ‘S919SNW Y30q U] (1) snejodway suoisn)d0)el
“SUIYDUDYD WiNWIXeW SULNP SIYIAIDE JO 95eaidap Jlouayue SIK G'0FL 0T (po3e3.3UN) 6=U T UOISIAIp
JUBDIIUSIS B SeM 243U} ‘S919SNW Y30q Ul (]) - 10}eAIDY ‘1939sse - SIKCOFYTT (payeany) Z1=u | sse)D 28Uy 010 32 J3Un
Suipuly urew uoneing (s) @>uenddy (S) @2shy \eLslepy a8y 9)dwes sdnous Apnis (s) Joyiny

(u02) sacupyddo Supuonisod piomiof ip)ngipuLw 03 sasuodsal 2)3snui AiI03213SOW JO salPNIS [ 3)q0L

101

Nalamliang and Thongudomporn, 2020



xapul AYAIDR

“QuadIe0d
‘SUOIJeLIeA JUBDIJIUSIS 1BD1ISIIE)S anbioy
INOYIM ‘(52)dN0D JUBIASP 1BJ31E) JUSDIYS0D UBIDIYD0D
anbio] snejodway "SA J93sseU Xxapul AUAIDY sihesoduway suiddeyano uolsn)>20)ew 1032
£212SNW UM SPIS Y3)-1YSU Xapul DOd) Jlouaue a5ejuadiad T UOISIAIP oulpada ]
wnugnnba Jendsnw e paurejuiew s33(gns 1y syjuow 1 souendde jeuonduny Jspues ‘1939sse DNF 2deung SIK¢T-6 (G 91eW>y ‘G dew) OT=u ‘Il sseD 2)5uy ‘euded 1q
“AAnoe
JaMO) Ym pautewal dnois pajesnjun ayy a)iym
‘5)0J3UOD 1BULIOU DU} O3 JB)IWIS DI9M SaN)eA uolsnod0\e
DNJ PapIodas 3y} ‘dnois pajeasy syl U (If) snesoduway Oc=u 1ejusp oN
"dnois pa3eal} ay3 Ul sapIs Y1oqg Ul AjAIRDe 9ouendde yeuolouny Jouue (po182.3Un) ZZ=U uoIsN220)ew 0,10 32
9)2SNW Ul 9SB2IDUl JUBDIUSIS B Sem 219y ([) syjuowl 1 JaUulel} DIIUOPOYLIO-21d ‘19)95Se Al i3 2oeung SIKCTF9L (pa1e21}) 9¢=U T UOISIAIP ‘|| SS€YD unis ‘oskies
‘spouad Apnis e Joj uoisniioud pue
SUOISINDXD |eJa1e) JYSU pue 13 Sulnp AjAiRde sk g1
9)2SNW Ul 95UBYD JUBDLIUSIS OU Sem I3y (Al) (zL)
‘uoljesiseuwl JuSWiIeaI}
Suunp z1 e paseanul Jsyuny pue 7| DIIUOPOYUO
16 PasEaIdUl OSNUI J91DSSEW dY} JO ANAIPDY (|Il)  1oye siesh z ploAy-eidns xapul Sk gz
"SUIMO)BMS SULINP Z| }e Paseaidsp INg T e (1L) ‘snesodwsy AjAiDe ‘Xapul
pasealdul 212snw ploAyeldns ay3 Jo ANAIDY (Il) JusWieal} Jouisod Kl}pwiwAse
“SUIYDUD)D SulNp Z1 e paseaidul Jeuolouny Jeaspesay )nd pue Jousyue ‘ueawl uoIsN220)ew 1012
ING T e Paseaidap s2)IsNW 3y} JO ANAIDY (]) JEMY -USIY YHMm Jo3eAidR 1aydsna | ‘1939sse ‘DI 90BUNS SIK9'TT JZ=u T UOISIAIP || SS€)D oyoe) ‘seaan)
"SYjuoOW {z 1oy
9)ge}S PauleWSI PUB S19AD) JeljIUl O} PauUIN}al
Aeuly Ayaioe 9)dsnu 8Y3 ‘syauow 9 uj (1))
‘Jusuileal} Joye shejodway 210 12
SUJUOW ¢ pue T e SUIydUaYD pue SUIMoYems (,SNSHOH) @>uendde louayue uo|snP20ew epuegleyy
Suunp paseainap Ajpuedyiudis AAizde ay] (]) syjuow 4z 1euUOI}OUNY PaXI D)GIXD)H ‘19)9sse A ‘O3 9oeuNng SIK y1-01 GT=U ‘©)ewsy T UOISIAIQ || SSeD ‘poos
Suipuly urew uoneing (s) @>uenddy (S) @2shy \euslepy a8y 9)dwes sdnous Apnis (s) Joyiny

(u02) sasupiddo Supuonisod piomiof ip)ngipuLw 03 sasuodsai 2)3snui A103213SOW fo SalPNIS [ 3)q0L

102 J DENT ASSOC THAI Vol.70 No.2 April - June 2020



References

1. Jonsson T, Arnlaugsson S, Karlsson KO, Ragnarsson B, Arnarson
EO, Magnusson TE. Orthodontic treatment experience and prevalence
of malocclusion traits in an Icelandic adult population. Am J
Orthod Dentofacial Orthop 2007;131(1):8.e11-8.

2. Gabris K, Marton S, Madlena M. Prevalence of malocclusions
in Hungarian adolescents. Eur J Orthod 2006;28(5):467-70.

3. Kositbowornchai S, Keinprasit C, Poomat N. Prevalence and
distribution of dental anomalies in pretreatment orthodontic
Thai patients. Khon Kaen Dent J 2010;13(2):92-9.

4. Cozza P, Baccetti T, Franchi L, De Toffol L, McNamara JA, Jr.
Mandibular changes produced by functional appliances in Class
Il malocclusion: a systematic review. Am J Orthod Dentofacial
Orthop 2006;129(5):599.e1-12; discussion el-6.

5. Pancherz H, Zieber K, Hoyer B. Cephalometric characteristics
of Class Il division 1 and Class Il division 2 malocclusions: a
comparative study in children. Angle Orthod 1997;67(2):111-20.
6. McNamara JA, Jr. Components of class Il malocclusion in children
8-10 years of age. Angle Orthod 1981;51(3):177-202.

7. Sessle BJ, Woodside DG, Bourque P, Gurza S, Powell G,
Voudouris J, et al. Effect of functional appliances on jaw muscle
activity. Am J Orthod Dentofacial Orthop 1990;98(3):222-30.
8. O’Brien K, Wright J, Conboy F, Sanjie Y, Mandall N, Chadwick
S, et al. Effectiveness of treatment for Class Il malocclusion with
the Herbst or twin-block appliances: a randomized, controlled
trial. Am J Orthod Dentofacial Orthop 2003;124(2):128-37.

9. Yamin-Lacouture C, Woodside DG, Sectakof PA, Sessle BJ. The
action of three types of functional appliances on the activity of the
masticatory muscles. Am J Orthod Dentofacial Orthop 1997;112
(5):560-72.

10. McNamara JA, Jr. Neuromuscular and skeletal adaptations to
altered function in the orofacial region. Am J Orthod 1973;64(6):
578-606.

11. Pancherz H. Activity of the temporal and masseter muscles in
class I, division 1 malocclusions. An electromyographic investigation.
Am J Orthod 1980;77(6):679-88.

12. Takada K, Lowe AA, Freund VK. Canonical correlations between
masticatory muscle orientation and dentoskeletal morphology in
children. Am J Orthod 1984;86(4):331-41.

13. Moss ML, Salentijn L. The primary role of functional matrices
in facial growth. Am J Orthod 1969;55(6):566-77.

14. Erdem A, Kilic N, Eroz B. Changes in soft tissue profile and
electromyographic activity after activator treatment. Aust Orthod
J 2009;25(2):116-22.

15. Saccucci M, Tecco S, lerardoa G, Luzzi V, Festa F, Polimeni A.

Effects of interceptive orthodontics on orbicular muscle activity:

a surface electromyographic study in children. J Electromyogr
Kinesiol 2011;21(4):665-71.

16. Lowe AA, Takada K. Associations between anterior temporal,
masseter, and orbicularis oris muscle activity and craniofacial
morphology in children. Am J Orthod 1984;86(4):319-30.

17. Lowe AA. Correlations between orofacial muscle activity
and craniofacial morphology in a sample of control and anterior
open-bite subjects. Am J Orthod 1980;78(1):89-98.

18. Ingervall B. Facial morphology and activity of temporal and lip
muscles during swallowing and chewing. Angle Orthod 1976;46
(4):372-80.

19. Pancherz H, Anehus-Pancherz M. Muscle activity in class
Il, division 1 malocclusions treated by bite jumping with the
Herbst appliance. An electromyographic study. Am J Orthod
1980;78(3):321-9.

20. Miralles R, Hevia R, Contreras L, Carvajal R, Bull R, Manns A.
Patterns of electromyographic activity in subjects with different
skeletal facial types. Angle Orthod 1991,61(4):277-84.

21. Witkowska A. An outline of the history of electromyography.
The significance of surface electromyography in neurophysio-
logical diagnosis. Nowiny Lekarskie 2008;77(3):227-300.

22. Misra UK, Kalita J, Nair PP. Diagnostic approach to peripheral
neuropathy. Ann Indian Acad Neur 2008;11(2):89-97.

23. Basmajian JV. Control and training of individual motor units.
Science 1963;141(3579):440-1.

24. Beniczky S, Conradsen I, Henning O, Fabricius M, Wolf P.
Automated real-time detection of tonic-clonic seizures using a
wearable EMG device. Neurology 2018;90(5):e428-e34.

25. Grabb PA, Albright AL, Sclabassi RJ, Pollack IF. Continuous
intraoperative electromyographic monitoring of cranial nerves
during resection of fourth ventricular tumors in children. J Neurosurg
1997;86(1):1-4.

26. Pinho JC, Caldas FM, Mora MJ, Santana-Penin U. Electromyo-
graphic activity in patients with temporomandibular disorders. J
Oral Rehabil 2000;27(11):985-90.

27. Kumar S, Prasad N. Cervical EMG profile differences between
patients of neck pain and control. Disabil Rehabil 2010;32(25):
2078-87.

28. Luca CD. Electromyography. Encyclopedia of Medical Devices
and Instrumentation. John Wiley Publisher 2006:98-109.

29. Nishi SE, Basri R, Alam MK. Uses of electromyography in dentistry:
An overview with meta-analysis. Eur J Oral Sci 2016;10(3):419-25.
30. DeLuca CJ. The Use of Surface Electromyography in Biomechanics.
J Appl Biomech 1997(13):135-63.

31. Chowdhury RH, Reaz MB, Ali MA, Bakar AA, Chellappan K,

Nalamliang and Thongudomporn, 2020 103



Chang TG. Surface electromyography signal processing and clas-
sification techniques. Sensors 2013;13(9):12431-66.

32. Moyers RE. Temporomandibular muscle contraction patterns
in Angle Class Il, division 1 malocclusions; an electromyographic
analysis. Am J Orthod 1949;35(11):837-57, illust.

33. Yang JF, Winter DA. Electromyographic amplitude normalization
methods: improving their sensitivity as diagnostic tools in gait analysis.
Arch Phys Med Rehabil 1984;65(9):517-21.

34. Knutson LM, Soderberg GL, Ballantyne BT, Clarke WR. A study
of various normalization procedures for within day electromyographic
data. J Electromyogr Kinesiol 1994;4(1):47-59.

35. Huang DH, Chou SW, Chen YL, Chiou WK. Frowning and Jaw
Clenching Muscle Activity Reflects the Perception of Effort During
Incremental Workload Cycling. J Sci Med Sport 2014;13(4):921-8.
36. O’Leary S, Falla D, Jull G. The relationship between superficial
muscle activity during the cranio-cervical flexion test and clinical
features in patients with chronic neck pain. Man Ther 2011;16(5):452-5.
37. Nishi SE, Basri R, Alam MK, Komatsu S, Komori A, Sugita Y, et al.
Evaluation of Masticatory Muscles Function in Different Maloc
clusion Cases Using Surface Electromyography. J Hard Tissue
Biol 2017;26(1):23-8.

38. lodice G, Danzi G, Cimino R, Paduano S, Michelotti A. Association
between posterior crossbite, skeletal, and muscle asymmetry: a
systematic review. Eur J Orthod 2016;38(6):638-51.

39. Reynolds AK, Nickel JC, Liu Y, Leeper DK, Riffel KM, Liu H, et al.
Sex differences in jaw muscle duty factors during exercise in two
environments: A pilot study. J Electromyogr Kinesiol 2016;30:15-22.
40. Wozniak K, Piatkowska D, Szyszka-Sommerfeld L, Buczkowska-
Radlinska J. Impact of Functional Appliances on Muscle Activity:
A Surface Electromyography Study in Children. Med Sci Monit
2015;21:246-53.

41. Sabashi K, Saitoh |, Hayasaki H, lwase Y, Kondo S, Inada E, et al.
A Cross-Sectional Study of Developing Resting Masseter Activity
in Different Angle Classifications in Adolescence. CRANIO 2009;27
(1):39-45.

42. Cuevas MJ, Cacho A, Alarcon JA, Martin C. Longitudinal evaluation
of jaw muscle activity and mandibular kinematics in young patients
with Class Il malocclusion treated with the Teuscher activator.
Med Oral Patol Oral Cir Bucal 2013;18(3):e497-504.

43. Wieczorek A, Loster JE. Activity of the masticatory muscles
and occlusal contacts in young adults with and without orthodontic
treatment. BMC Oral Health 2015;15(1):116.

44. McNamara JA, Jr., Peterson JE, Jr., Alexander RG. Three-
dimensional diagnosis and management of Class Il malocclusion
in the mixed dentition. Semin Orthod 1996;2(2):114-37.

104 J DENT ASSOC THAI Vol.70 No.2 April - June 2020

45. Chen JY, Will LA, Niederman R. Analysis of efficacy of functional
appliances on mandibular growth. Am J Orthod Dentofacial Orthop
2002;122(5):470-6.

46. DiBiase AT, Cobourne MT, Lee RT. The use of functional
appliances in contemporary orthodontic practice. Br Dent J
2015;218(3):123-8.

47. Pancherz H. A cephalometric analysis of skeletal and dental
changes contributing to Class Il correction in activator treatment.
Am J Orthod 1984;85(2):125-34.

48. Bjork A. The principle of the Andresen method of orthodontic
treatment a discussion based on cephalometric x-ray analysis of
treated cases. A Am J Orthod 1951;37(7):437-58.

49. Hirzel H-C, Grewe JM. Activators: A practical approach. Am J
Orthod 1974,66(5):557-70.

50. Saikoski LZ, Cancado RH, Valarelli FP, Freitas KMSd. Dento-
skeletal effects of Class Il malocclusion treatment with the Twin
Block appliance in a Brazilian sample: A prospective study. Dental
Press J Orthod 2014;19:36-45.

51. Janson GR, Toruno JL, Martins DR, Henriques JF, de Freitas
MR. Class Il treatment effects of the Frankel appliance. Eur J
Orthod 2003;25(3):301-9.

52. Toth LR, McNamara JA, Jr. Treatment effects produced by the
twin-block appliance and the FR-2 appliance of Frankel compared
with an untreated Class Il ssmple. Am J Orthod Dentofacial Orthop
1999;116(6):597-609.

53. Hiyama S, Ono PT, Ishiwata Y, Kuroda T, McNamara JA, Jr.
Neuromuscular and skeletal adaptations following mandibular
forward positioning induced by the Herbst appliance. Angle Orthod
2000;70(6):442-53.

54. Ahlgren J. Early and late electromyographic response to treatment
with activators. A Am J Orthod 1978;74(1):88-93.

55. Moss JP. Function-fact or fiction? Am J Orthod 1975;67(6):625-46.
56. Aggarwal P, Kharbanda OP, Mathur R, Dugeal R, Parkash H.
Muscle response to the twin-block appliance: an electromyographic
study of the masseter and anterior temporal muscles. Am J Orthod
Dentofacial Orthop 1999;116(4):405-14.

57. Ingervall B, Bitsanis E. Function of masticatory muscles during
the initial phase of activator treatment. Eur J Orthod 1986;8(3):
172-84.

58. Miralles R, Berger B, Bull R, Manns A, Carvajal R. Influence of the
activator on electromyographic activity of mandibular elevator
muscles. Am J Orthod Dentofacial Orthop 1988;94(2):97-103.
59. Uner O, Darendeliler N, Bilir E. Effects of an activator on the
masseter and anterior temporal muscle activities in Class Il maloc
clusions. J Clin Pediatr Dent 1999;23(4):327-32.



60. Tabe H, Ueda HM, Kato M, Nagaoka K, Nakashima Y, Matsumoto E,
et al. Influence of functional appliances on masticatory muscle
activity. Angle Orthod 2005;75(4):616-24.

61. Sood S, Kharbanda OP, Duggal R, Sood M, Gulati S. Neuro-
muscular adaptations with flexible fixed functional appliance--a
2-year follow-up study. J Orofac Orthop 2011;72(6):434-45.
62. Yuen SWH, Hwang JCC, Poon PWF. Changes in power spectrum
of electromyograms of masseter and anterior temporal muscles
during functional appliance therapy in children. Am J Orthod
Dentofacial Orthop 1990;97(4):301-7.

63. Moyers RE. An electromyographic analysis of certain muscles
involved in temporomandibular movement. Am J Orthod 1950;
36(7):481-515.

64. Latif A. An electromyographic study of the temporalis mus-
cle in normal persons during selected positions and movements
of the mandible. Am J Orthod 1957;43(8):577-91.

65. Ferrario VF, Sforza C, Colombo A, Ciusa V. An electromyographic
investigation of masticatory muscles symmetry in normo-occlusion
subjects. J Oral Rehabil 2000;27(1):33-40.

66. Tartaglia GM, Moreira Rodrigues da Silva MA, Bottini S,

Sforza C, Ferrario VF. Masticatory muscle activity during maximum
voluntary clench in different research diagnostic criteria for temporo-
mandibular disorders (RDC/TMD) groups. Man Ther 2008;13(5):434-40.
67. Tallgren A, Christiansen RL, Ash M, Jr., Miller RL. Effects of a
myofunctional appliance on orofacial muscle activity and structures.
Angle Orthod 1998;68(3):249-58.

68. Pancherz H, Anehus-Pancherz M. Muscle activity in Class I,
Division 1 malocclusions treated by bite jumping with the Herbst
appliance. Am J Orthod 1980;78(3):321-9.

79. Satygo EA, Silin AV, Ramirez-Yanez GO. Electromyographic
muscular activity improvement in Class Il patients treated with
the pre-orthodontic trainer. J Clin Pediatr Dent 2014;38(4):380-4.
70. Di Palma E, Tepedino M, Chimenti C, Tartaglia GM, Sforza C.
Effects of the functional orthopaedic therapy on masticatory
muscles activity. J Clin Exp Dent 2017;9(7):e886-e91.

71. Saccucci M, Tecco S, lerardoa G, Luzzi V, Festa F, Polimeni A.
Effects of interceptive orthodontics on orbicular muscle activity:
A surface electromyographic study in children. J Electromyogr
Kinesiol 2011;21(4):665-71.

Nalamliang and Thongudomporn, 2020 105



Case Report

Management of a Traumatized Maxillary Left Central Incisor by Moving the
other Central Incisor across the Midline

Sikkared Parinyachaiphun’, Pornhathai Liewsaitong', Thanit Charoenrat?, Niranlarp Rerksanan®
'Private practice, Bangkok, Thailand

“Department of Orthodontics, Faculty of dentistry, Chulalongkorn university, Bangkok, Thailand

Abstract

A 12-year-old boy who had a bicycle accident was sent to the orthodontic department to resolve his
protrusion problem. His maxillary left lateral incisor was missing because of the accident. The avulsed maxillary
left central incisor was replanted. However, three month later, it had external root resorption, so it was removed.
The other traumatized maxillary right central incisor was moved across the midline to precede the maxillary left
central incisor. Orthodontic treatment was completed within 30 months. Then, the patient was referred to the
department of periodontology and operative dentistry for esthetic crown lengthening, frenectomy and composite

veneers. There was no significant root resorption. The patient and his parents were satisfied with the results.
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Introduction

Traumatic dental injuries were found in one
third of Thai children aged 11-13 years old.' The severity
of injuries varies from crown fracture, crown-root fracture
to periodontium injuries or even losing some teeth. To
manage the space after losing an upper anterior tooth
could be challenging and a multidisciplinary approach may
be needed. Treatment options are replanting the tooth,
opening space for dental substitution, substituting the

central incisor or doing a tooth transplantation.” Moving
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the maxillary central incisor across midline, though rarely
being done, might be a good option in some situations.
A study in beagle dogs reported a root resorption after
moving a central incisor across the midline’ and its following
study showed that removing the mid palatal suture area
before moving an incisor worsened the resorption.* However,
Bosio et al, reported a satisfied outcome after moving a
central incisor across midline in a patient who lost the

maxillary left central incisor and had an ipsilateral canine



impacted.” Other reports showed treatments of patient
under 12 years old with successful outcomes.”® In this
article, the maxillary right central incisor which was moved
across the midline had been traumatized. The root resorption
was being observed during the treatment. This article will
explain the treatment of a patient who had a large overjet
by moving the traumatized 11 across the midline to
substitute the 21.
Diagnosis and etiology

A 12-year-old boy was referred for orthodontic

consultation. His chief complaint was dental protrusion.

He had a maxillary left central incisor and a maxillary left
lateral incisor avulsed in a bicycle accident eight months
ago but only 21 was replanted. 11 was subluxation and
had an uncomplicated crown-root fracture with a negative
EPT test. Root canal treatments were done within seven
days after the accident. However, 21 was diagnosed with
replacement root resorption three months after the trauma.
The patient had no other medical or dental problems.
No other unusual habits were found. Photographs, dental
impressions and radiographs were collected during the
first visit (Fig. 1, 2, 3, 4).

Figure 1 Facial and intraoral pretreatment photographs

Parinyachaiphun et al., 2020 107



For clinical examination, the patient had a mesofacial
type and symmetric face with a convex profile. He had
a competent lip at rest and upper, lower lip protrusion.
When he smiled, 20 % of his upper incisor showed. The
upper dental midline was 2 mm deviated to the left
facial midline while a lower midline was on the facial
center. Intraoral examination showed a bilateral full-cusp
Class Il molar relationship. 11 was severely protruded
and discolored. 22 was clinically missing. Overjet and
overbite were 8 mm and 2 mm, respectively. He had mild
spacing in both the upper and lower arch.

The panoramic radiograph (Fig. 3A) revealed
no fractures of both condylar necks and clear maxillary
sinuses. All third molars were forming. The periapical

films showed normal periodontal space of 11 and 31

which had root canal treatment done after the trauma
(Fig 3B). 21 which was filled with calcium hydroxide, had
a sign of external root resorption. The CBCT revealed the
distance between the root of 11 and incisive canal was
2.48 mm and 3.39 mm at the distance of opening of canal
and a root apex (Fig 5). Pre-treatment cephalometric
analysis presented skeletal Class | with orthognathic
maxilla and mandible, skeletal deep bite (Fig 4, Table 1).
The maxillary and mandibular incisors were protruded
and the interincisal angle was acute. Nasolabial angle was
also acute and the distance of the upper lip to E-line
was large.

The patient was diagnosed with skeletal Class |
skeletal deep bite, dental Class Il division 1 malocclusion,

upper and lower lip protrusion.

Figure 2 Pretreatment dental casts
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Figure 4 Pretreatment cephalometric radiograph
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3.39 mm

Figure 5 A pretreatment CBCT revealed the distance between the upper right incisor root and the incisive canal was 2.48 mm at

the level of incisive canal opening B 3.39 at the level of root apex C post treatment CBCT, 0.7 mm at the level of incisive

canal opening D 0.85 mm at the level of root apex

Table 1 Cephalometric values pre and immediate post treatment

Measurement Thai norm Pretreatment Interpretation Posttreatment
SNA 79-87 83 Orthognathic Mx 81
SNB 76-82 79 Orthognathic Md 80
ANB 2-6 4 Skeletal Class | 1
Wits (-5) - (-1) 2 Dental base Class | -1
FMA 21-29 20 Skeletal deep bite 18.5
UI-NA 24-32 515 Ul proclination 28
UI-NA (mm) 4-8 15.5 Ul protrusion 9.5
LI-NB 26-38 36 LI normal inclination (protrusion tendency) 29
LI-NB (mm) 4-8 10.5 LI protrusion 8.5
IMPA 95-103 108 LI proclination 99.5
Ul-LI 110-126 90.5 Acute interincisal angle 121.5
H- angle 10 -18 275 Convex profile 23
UL to E-line 3-1 9 Upper lip protrusion 4.5
LL to E-line 0-4 11 Lower lip protrusion 6.5
FCA 5-13 12.5 Normal facial contour 12
NLA 78 - 100 78 Acute NLA 83
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Treatment objective

The primary goal of the treatment was to reduce
upper teeth protrusion and to improve facial esthetics.
Canine Class Il malocclusion would be corrected to
Class I'in order to obtain normal overjet, overbite while
maintaining skeletal relationship and reduce upper and
lower lip protrusion.

Due to the full cusp Class Il molar relationship,
two treatment plans were possible, as follows:

1. Extraction of 21 and move tooth 11 across
the midline to substitute 21

2. Extraction of both maxillary first premolars
and 21 with post treatment dental substitution on
maxillary left central and lateral incisors

3. Extraction of 14 and transplant to 21 position
Treatment selected

After discussions with the patient and his parents,
the first treatment plan was selected, 11 would be moved
across the midline and reshaped to mimic 21. Besides,
12, 13 and 23 would need restorations for better esthetics.
The molar relationship would remain in full cusp Class |l
and the maxillary premolars would function as canines
to obtain canine Class | relationship on both sides. The
overjet would be reduced to normal. The lower arch would
be aligned, and the spaces would be closed. According
to this plan, the patient would not need to wear dental
prostheses afterwards. The disadvantages of this plan were
the risks of root resorption during moving the traumatized
incisor across midline, massive restorations and periodontal
surgery on the upper anterior region. For the second
treatment option, the patient has to lose two other sound
teeth and get dental substitution for 21 and 22 during
the waiting period for growth cessation before being
able to place the implants. Moreover, due to the full
cusp Class Il canine relationship, two TADs were needed

in order to obtain maximum anchorage for maximum

overjet reduction. In the third option, 14 will be removed
to provide a space for overjet reduction and will be
autotransplanted to the 21 position. The success rate of
autotransplantation is high especially when premolars
are transplanted to maxillary incisor areas.” The transplanted
tooth can be orthodontically moved within three months
after procedure without any sign of root resorption. ™
After transplantation 14 and 23 would need restoration
and crown lengthening for better esthetics. The disadvantages
of this plan were the patient had to undergo a transplant
surgical procedure, endodontic treatment of 14, risk of
14 ankylosis and root resorption which were possible
complications after transplantation. However the labial
frenum will not be shifted and no implant would be needed.
Treatment progress

21 was removed due to its poor condition. Maxillary
teeth were bonded with Ormco® brackets, Roth prescription
(slot 0.018 x 0.025 inches). 11 was bonded with a left central
incisor’s bracket. 12 was bonded with a right central incisor’s
bracket. Transpalatal arch was banded to the maxillary
first molar and bonded to both left and right maxillary first
and second premolars in order to reinforce the anchorage

for moving the incisor across the midline (Fig. 6).

Figure 6 Transpalatal arch bonded to maxillary premolars and

banded to maxillary molars to prevent arch collapse

during the treatment
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Elastomeric chains were used to move the maxillary
upper right incisor across midline on 0.017” x 0.025”
stainless steel main arch wire. It took seven months to
move this tooth to its new position. By shifting 11 across
the midline, 12 drifted into the right maxillary central
incisors position spontaneously. Reverse L-loops with
0.016” x 0.022” stainless steel wire were used to maintain
the overbite and reduce the overjet after all the incisors
were in their new position.'" After debonding, temporary

composite resin was applied between 11 and 12 to maintain

the space while waiting for the composite veneers. A fixed
retainer was placed from the maxillary premolar to premolar
(Fig. 7). After completion of restorations, wraparound
retainers were delivered in both upper and lower arches.

Six months after debonding, crown lengthening
from 14 to 24 and frenectomy were done to enhance
the esthetics. Composite veneers were done six months
afterwards (Fig. 8). Final restoration would be defined

again after the patient reached the age of 20 years old.

Figure 7 Extraoral and intraoral posttreatment photographs (debonding date)
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Figure 8 Intraoral pictures after anterior teeth restoration

Treatment results

After 30 months of orthodontic treatment, the
appliances were debonded (Fig. 7). Good occlusion with
2 mm overjet and overbite were obtained. Full cusp Class Il
molar relationship was maintained. The maxillary first
premolars were in the position of canines to mimic canine
Class | and no balancing interference was observed. The
width of upper canines was reduced on both mesial and
distal side to resemble lateral incisors. From lateral cephalo-
metric superimposition, the mandible grew 5 mm forward
and 11 mm downward causing the reduction of ANB angle.
The upper incisors were retracted for 5 mm by means of
controlled tipping. The maxillary molars were moved 2 mm
mesially because of the use of Class Il elastic. Moreover,
mandibular growth carried the upper first molars forward
along with the lower first molar without changing the
molar relationship. In mandibular arch, lower incisors were
tipped 2 mm lingually while lower molars were extruded
3.5 mm without any antero-posterior movement (Fig. 9).

No significant root resorption was found on the
right maxillary central incisor (Fig. 10). CBCT showed
a shift of median palatine suture according to upper

incisal movement (Fig. 11). The distance between the

right upper incisor reduced to 0.7 mm and 0.85 mm
respectively (Fig. 5). The patient and his parents were

satisfied with the results of appearance.

Figure 9 Superimposition of cephalometric radiograph (initial

in black, debonding in blue)
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Figure 11 CBCT of the palatine suture A before treatment B after treatment

Discussion

To reduce the large overjet in a Class Il full cusp
patient, removing the tooth in each quadrant to provide
the space is one of the general choices. In this case, the
patient had one traumatized incisor with poor condition
and had lost one tooth in the same quadrant, the tooth from
the other side had to be moved to precede the one in
poor condition. The important structure in the median line

of the palate were the median palatine suture and the
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incisive canal. The contact of the root and the cortical plate
of the palatine canal can cause a root resorption.'*"*
The CBCT prior to the treatment should be done to
locate the distance between the incisors apex and the
incisive canal. The average distance from the incisive canal
to an upper central incisor were 3 mm and 4 mm at the
level of the incisive canal opening and the root apex of

the maxillary incisor, respectively." The CBCT shows no



contact of both structures (Fig. 5). Moreover, a previous
study showed the shifting of the median palatine suture
as well as the labial frenum and the incisive papilla
when moving the incisor across the midline.” It implied
that the tooth did not cross the median palatal suture,
but the structure remodeled as the tooth was moved.
This case also showed the deviation of the suture (Fig. 11).

The traumatized teeth was reported to be more
prone to develop root resorption than a normal tooth.”
If the tooth shows no sign of root resorption at least 4-5
months after the trauma, that tooth will have a lower risk
of root resorption.16 In the study, 11 was traumatized for
one year without any sign of resorption. And also there was
no significant root resorption detected after the treatment.
This suggests that a tooth with a history of trauma can be
successfully moved across the midline without significant
root resorption.

As the frenum was shifted, the frenectomy had
to be done to improve the esthetic. There was a six-month
waiting period after debonding before the periodontal
surgery and the restorative treatment. In addition, gingival
margin, tooth size and shape were attributed to smile
esthetics. In this report, the right lateral incisor was moved
to substitute the right central incisor. Both maxillary canines
were substituted as lateral incisors. Kokich and Kinzer recom-
mended some guidelines for lateral incisor substitution
such as bracket placement level, torque and reducing
enamel on the distal surface more than on the mesial
surface.” Using an upside down canine bracket to facilitate
the finishing step is also recommended. " In this case, the
upper canine were bonded without placing brackets upside
down because the initial inclination were acceptable. No
additional torque in the upper canines was needed at
the end. For the smile activeness, shape size and color
of canine had influences."” The canines were reshaped
after being debonded. Direct composite veneers from an
upper right premolar to a left premolar were chosen as
a final restoration for this patient because of his age.
Wraparound retainers were used without a fixed retainer

after finishing all the upper restoration.

Conclusion

In adolescent patients, moving a central incisor
across the midline can be done even if the incisor was
traumatized. CBCT before starting treatment is recom-
mended to avoid contact of an incisor root to the incisive
canal. Median palatine suture would be remodeled as an
incisor was moved crossed the midline. Frenectomy needs
to be performed to enhance the esthetic. Long term stability

needs to be investigated.
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Case Report

Sectional Impression Trays with An Interlocking Handle Using Implant
Impression Components to Fabricate Interim Dentures for A Patient with
Scleroderma-induced Microstomia
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Abstract

Recording impressions in patients with microstomia is usually difficult for both the patients and clinicians.
It is impossible to use a conventional impression procedure for patients with a limited mouth opening. So, modification
of the clinical and laboratory procedures is necessary. This case report describes the construction of maxillary and

mandibular sectional impression trays with an interlocking handle, using implant impression components, for a patient

with microstomia induced by scleroderma.
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Introduction

Scleroderma is an autoimmune disease that affects
connective tissues and blood vessels." This condition leads
to fibrosis, thickened skin and mucosa, and sometimes
problems with internal organs and joints. Facial skin becomes
hard and tight, resulting in a mask-like appearance and
a reduced mouth opening. Patients may present finger and
toe deformities (Raynaud phenomenon). This condition
is challenging in dental treatment due to an abnormally

small oral orifice (microstomia) and increased tongue rigidity.

Without a surgical operation to enlarge the oral
aperture, it is difficult to provide prosthetic treatment
for patients with microstomia caused by scleroderma.
Prosthodontic management has been described in the
literature.”” The insertion of a full-arch stock impression
tray may not be possible due to a limited mouth opening.
Treatment modifications include flexible impression trays,”
3,4,8

flexible stock trays’ and sectional impression trays.

Some patients may complain of an inability to place and
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remove the prostheses. Several designs of sectional
collapsed dentures have also been suggested.””"

This clinical report describes a technique to
fabricate maxillary and mandibular sectional impression
trays with an interlocking handle connected by an implant
impression post and an implant analog, collectively known
asimplant impression components, for a partially edentulous
patient with microstomia induced by scleroderma.
Clinical Report

A 60-year-old, partially edentulous man with
microstomia induced by scleroderma was seeking pros-
thodontic treatment to replace missing teeth, which
were 11,12, 21,22,45,46 and 47 at a private dental clinic
in Chiang Mai, Thailand. He presented tight and mask-like
facial skin along with hand deformities. Oral examination

revealed a limited mouth opening which measured to

be about 18 mm between the lower border of the upper
lip and the incisal edge of the mandibular central incisor
(Fig. 1). He also presented limited tongue movement. His
oral hygiene was poor and extensive caries were found
on some of the remaining teeth. Treatment options were
discussed, which were removable prostheses and implant
therapy. The patient did not agree to any surgical treatments
to enlarge the oral orifice, nor to implant therapy.

The treatment goals were to maintain good oral
hygiene, control dental caries, and replace the missing
teeth by means of removable prostheses. The sequence
of treatment included extraction of non-restorable teeth,
periodontal treatment, restorative treatment and caries

control, interim acrylic partial dentures and definitive

removable partial dentures.

Figure 1 Extra-oral view of patient with a limited mouth opening of 18 mm

Preliminary impression and fabrication of study models

After periodontal and restorative treatments
were rendered, the patient returned two weeks following
the extraction. The maxillary and mandibular interim
acrylic partial dentures were fabricated to transition the
patient through the healing phase and for esthetic purposes.
A full-arch stock tray could not be inserted due to the
limited oral orifice. So, four sectional, stock, perforated
trays were used to make the preliminary impression on

each side of both dental arches according to the technique
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described by Dikbas and colleagues® and Suzuki and
colleagues." Four half-arch one-step impressions were
made using putty and light-bodied polyvinylsiloxane (PVS)
impression material (Silagum, DMG, Hamburg, Germany).
One side of the impression was poured with Type Il dental
stone (Kromotypo 3, Lascod, Florence, Italy), and a half-arch
cast was fabricated. Then, the impression of the other side
was trimmed to remove the excess material and positioned
on the cast (Fig. 2A). To ensure complete seating of the

impression on the cast, care was taken that only the teeth



came in contact with the impression (Fig. 2B). The second

half of the cast was poured with dental stone while the

assembly was held with finger pressure until the stone was

set. Finally, a one-piece preliminary cast was fabricated (Fig. 3).

Figure 2 A) A half-arch cast was positioned in the impression of the other side of the jaw B) Only the teeth came in contact with

the impression to ensure complete seating.

Figure 3 The completed maxillary and mandibular preliminary casts.

The preliminary casts were carefully examined.
The design of the interim acrylic partial dentures included
rest seats on the maxillary molars; teeth 16, 17 and 27,
whereas 33 and 43 were planned to receive wrought-wire
clasps. The endodontically treated tooth 23 was planned
to have a short metal coping to support the maxillary
prosthesis. Occlusal rest seats were prepared, using a 014
round diamond bur, on the mesial marginal ridge of the
upper right first molar, and distal marginal ridges of both
upper second molars.
Sectional impression trays with an interlocking
handle

The remaining teeth on the preliminary casts
were covered with two layers of pink baseplate wax as
a spacer. Palate was used as a tissue stop for a maxillary
tray. Mandibular tray stoppers were placed on incisal

edges of teeth 33 and 43. The custom impression trays

were fabricated with autopolymerizing acrylic resin
(Instant Tray Mix Acrylic Resin, Lang, Wheeling, IL, USA)
on the preliminary casts. The trays were then sectioned
along the midline using a cutting disc. The tray handle
was also sectioned (Fig. 4), and the implant impression
coping and lab analog (Biohorizon, Birmingham, AL, USA)
were attached to the handle using pattern resin (Pattern
Resin LS, GC, Tokyo, Japan) (Fig. 5). The impression coping
was attached to one side of the sectioned tray, and the
implant analog was attached to the other side, so the
sectional tray could be precisely re-assembled. To stabilise
the trays with an accurate fit, the 5 mm x 5 mm key-ways
were prepared on one side of the tray in the palatal area
of the maxillary tray and the lingual area of the mandibular
tray. Then keys made of pattern resin were added on the

other side to provide additional support (Fig. 6).
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Figure 5 The implant impression components were attached to the handle using pattern resin. The impression coping was attached

to one side of the sectioned tray, and the implant analog was attached to the other side.

Figure 6 The completed maxillary and mandibular sectional custom trays. Note the 5 mm x 5 mm key-ways on the palatal area of

the upper tray and the lingual side of the lower tray.

Impression procedure

The sectional custom trays were reassembled
intra-orally and tried as shown in Figure 7. The assembled
trays were removed from the patient’s mouth with some
difficulty. Border molding could not be performed due
to difficulties in insertion and removal. Light-bodied and
medium-bodied PVS impression materials (Silagum,

DMG, Hamburg, Germany) were used to record a definitive
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impression. While the lisht-bodied material was injected
over abutment teeth, the impression trays were filled with
the medium-bodied impression material, and inserted
in two pieces. Then these two pieces were accurately
reassembled by hand-tightening the implant impression
coping and lab analog. Care was taken to load the trays with
only enough medium-bodied material to control the excess

of the impression materials. The assembled tray was posi-



tioned, seated, and held in place without border molding
due to skin stiffness and tongue rigidity. After the impression

material was completely set, the tray was removed in one

piece (Fig. 8) with some difficulty by gently rotating the tray
out of the mouth. The master casts were fabricated using

Type IV dental stone (Kromotypod, Lascod, Florence, Italy).

Figure 8 The maxillary and mandibular impressions

Denture fabrication and placement

The acrylic partial dentures were fabricated
using a conventional technique. The dentures were
processed using heat-polymerised acrylic resin. During
the denture delivery appointment, the patient was
able to properly insert and remove both the maxillary
and the mandibular dentures with practice in front of
a mirror. Instructions for cleaning were provided.

The patient was seen again one week post-
placement. The patient reported pain and discomfort
underneath the mandibular denture on chewing. Pressure
indicator paste was used to identify the pressure spot
areas. They were properly adjusted. Occlusion was

checked. The patient was recalled every month for

two months to monitor the changes of alveolar ridge
following the tooth extraction, and the interim partial

dentures were intra-orally relined as needed (Fig. 9).

Figure 9 Intra-oral frontal view after insertion of maxillary and

mandibular prostheses
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Discussion

Patients with microstomia pose some difficulties
to the clinician. However, conservative treatment can be
performed using modifications of the laboratory and clinical
procedures. The most common technique for such patients
is the use of sectional impressions, instead of regular full-
arch one-piece impressions. The sectional impressions
are then recorded in two parts and repositioned extra-
orally. The key to this technique is the joining mechanism
between the parts of the sectional trays to facilitate
relocation. Several designs of connecting mechanisms
have been widely described in the literature, such as
interlocking handles," pins,” Lego blocks, " locking levers™
and orthodontic expansion screws.”

This article describes the use of sectional impression
trays with an implant impression coping and an implant
analog to facilitate tray assembly. The sterilized and reused
metal implant impression components are financially
affordable for this technique, and are generally available
in dental clinics. The trays can be accurately assembled
due to the precise fit between the implant impression
coping and impression analog. However, this technique has
some disadvantages in terms of additional tray fabrication
time and longer chair time, which are considered as common
drawbacks for any other technique in the fabrication of
sectional impression trays.

Besides the accurate relocation of the locking
mechanism, one requirement of the sectional tray is the
ease of intra-oral assembly. The sectional trays presented
in this article have the locking mechanism located in the
tray handle. The advantage of this design is that the tray
is easy to assemble and disassemble using an implant
screwdriver, since the tray handle is located in the anterior
part of the mouth (Fig. 7). A similar sectional tray design
has been described by Fernandes and colleagues'”with
the interlocking mechanism located in the tray handle.
Wax patterns of the interlocking mechanism were fabricated,

cast in base metal alloy and attached to the handle of the
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sectional trays. In the case described here, it was possible
to remove the assembled impression trays from the mouth
in one piece. So, the likelihood of errors in re-assembling
the trays extra-orally was minimized.

Four sectional, stock, perforated trays were
used to make a preliminary impression for each quadrant.
The study cast was fabricated by means of reseating the
first half of the cast on the second half of the preliminary
impression. While the preliminary impression was made
on one side of the arch, an attempt was made to capture
as many oral structures beyond the midline as possible,
to aid in orienting the first half of the cast in the second half
of the impression. A similar technique has been described
by Dhanasomboon and Kiatsirijoj.” Their technique would
be more accurate than other methods, such as recording
the preliminary impression using putty silicone impression

material with finger pressure.”

Patients with microstomia pose a challenge to
clinicians in prosthetic rehabilitation, especially while
recording impressions. However, these patients can be
managed conservatively by clinical and laboratory
procedure modifications. This case report describes a
method for fabrication of sectional impression trays with
interlocking handles using implant impression components
for a patient with microstomia induced by scleroderma.
This tray fabrication technique is simple, inexpensive and

applicable for patients with microstomia.
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Abstract

Implant-related infection is a complication that could be found in patients receiving dental implant treatment.
It is mainly caused by microbial adhesion and biofilm formation on titanium-base implants. Many studies tried to
improve titanium surface properties to achieve antimicrobial activity. Polyelectrolyte multilayer (PEM) film is one of
the methods used to modify biomaterial surface properties. Sericin, a glycoprotein produced by silkworm, is capable
of promoting osseointegration process and possesses antimicrobial activity. The objective of this study is to improve
anti-biofilm activity of titanium surface, using sericin extracts at concentrations of 0.1, 0.5, 1, 5 and 10 % w/v coating
on titanium surface by PEM film technique. The cytotoxicity test was performed on primary human osteoblasts. The
anti-biofilm activity against Staphylococcus aureus and Candida albicans was determined by biofilm formation assay
and scanning electron microscope (SEM). The results showed that titanium coated with sericin extracts showed no
toxic effect on osteoblasts at 24 hours incubation period. The percentage of Candida albicans cell viability in biofilm
was significantly reduced on sericin-coated titanium surface compared to uncoated group, whereas no significant
difference of Staphylococcus aureus cell viability was found. The results from SEM analysis corresponded to the
results from the biofilm formation assay. In conclusion, coating titanium surfaces with sericin extract at concentrations
of 0.1, 0.5, 1, 5 and 10 % w/v by PEM film technique could reduce Candida albicans biofilm formation on titanium
surface. These findings suggested the potential of this technique as an alternative way to reduce complication from

Candida albicans infection in patients receiving implant treatment.
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Tnndlenuaglnnfondaaesidudaianugnile
(implanted biomaterials) esuauisutamensunmg
wazviunnssy wu Wdudwgnilieesindifind (orthopedic
implant) uagsnituiiies: (dental implant) osniinasasa
anawazeiifia danudumusenisdnnseunaziany
Whuldmnadinm (biocompatibility) furiterdeluinanie’

thytudmmumenenusulpnaesivedyimdeoinedios
Tneshutiulfansnsavhuthldvannuans fanafiunaad
Fun1seengMEMITIAM (bioactivity) \ieneuaustesy
FUNNZARENINENEH (colonization) Vewadviingg
W Wwadaansegn (osteoblasts) wadaadule (fibroblasts)
waztnlasiia (macrophage) Iﬁmsl,ﬁﬂﬂiz@ﬂﬁamsgam
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Dolsed ﬁmmaﬂmsﬂumﬁuﬁgqLLazaiwwm (high and specific
affinity) fuftuRa ey WushBusdunsadsluleiidy
LLa3L‘f’JumLmﬁwuvl,éfﬂaasluﬂ’ﬁamL%aﬁlﬁm%’mﬁu?ﬁﬂqﬂﬁq
(implant-related infection) vauzfuatAn Saduaud hugatn
felsAwuuelana (opportunistic pathogen) inulsly
Tulefduuuiiuinsniiuiiey wazannsanauiseliiin
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Lﬁmmiﬁyaﬁiamﬁmqa%wmﬂumﬁﬂmmiﬁml,%amﬂﬁa%ug’w
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NUH m’mqiﬁﬁ@mauﬁaﬁmL%Iaﬁ;a'?jwﬁaLflu%%'miﬁﬁﬁqm
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nstAansEuIuNseeadleduiitnsdu annsinfnveade
3T sun1saslulefiduuagyibiinuseavsninlunis

22 g siedeuituinlnmienimesielane

shidaqadn
ofuvdiitanaRlumshudeqaT (inorganic antimicrobial
metal elements) lalA Ru (Ag; silver) Naauwas (Cu; copper)
nIodIngd (Zn; zinc) lnesalnme3e (sputtering) 3o
nswuARoUsEnanELn (plasma spray) wiinensiasd
Uﬁzﬁw%mwiumiﬁmﬁa@a%w atndlsRnuiinisiisdu
Foddindesdlofitsauns uenaninsUanudeslessuves
Tave (metallic ions release) Mntuiliadeuatvasyinliiin
anudufisfumaduaziiefodnafeds
TlhAeTdunoveeturesdnasidninslaimise
oduldw (polyelectrolyte multilayer (PEM) film technique)
Lﬂuﬁqﬁ'wﬁqﬁiﬂumSU%’Uﬂﬁqqﬁuawaﬁaq lamdnnisvesns
@m%’mﬂu%y’wia%gu (layer by layer) vesansazanelnadianinslan
Afuszqnseiudiy denaliiAnussiagalaiinadinsody
(electrostatic interaction) Ingduresindsidnlnsladivent
aunsadnsuluulamesiies (electrostatic self-assembly)
wazilshAnduuiuiidumansdussiuunTumns'® fanunse
muaumwwmﬁuaqﬁaLﬁaﬁxléﬂé’maxLﬁaﬂ%’miﬁﬁ@mauﬁa
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Fanm uarlndwedinn TRiied fo vildie sanc
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Frfanfithuniadeu SuszAvsnmlumsasefiuinifmml
matanm uazannsoluiau iR Tanuite U sslond
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Al (chitosan) wavnsnlgewalsiin (hyaluronic acid)
Tufisiduflduiiuszansamlumsdudeaunuilanondsa
Dol30d LLasa'aLﬂ%mmﬂﬁuﬁmawaaLsuaa‘a%’wﬂisfﬂﬂ
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we3Tu (sericin) fe lnalalushusssunifiadig
nvuauluny (silkworm) wulduseanmuSosay 25-30 Vo9
Tusaulw WulusauReunauiiazanenild (water soluble
globular protein family)wﬁﬂmauﬁa‘aauﬁﬂ (hydrophilic)
odnig 1 (amorphous) wagdnungadtena vimiitlunis
galusfudulnlnlusdu (silk fibroin protein) Wseiy
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mMaiushuesead (cell proliferation) Msvinuesele]
danlauneanina (alkaline phosphatase activity) waz
\iunsazauveswaaies (calcium deposition) ¢ wenani
Feiiuszansamlumsannisinfnveateaundillanenda
peiua uavaunUillanenda Slnelina lannninguaiuny
Tndlen 1 2013 Nayak wazmass? vhmsedaiiislnnden
FrewesTuiildanlnumans weuweSe wnednen (Tasar
silkworm, Antherea mylitta) mﬂﬁ?uﬁﬂmwﬂaavmiﬁwm
YouadlaTasnsTaNILE-63 (MG-63 cells) wunlviiles
FrssituingewesTuansaduasumstaRnoasad M
NuInveIas waynsuanseenvesduludlbezlalushiu (bone
sialoprotein) saaRloLARTU (osteocalcin) uaztoulaidanlal
woanwna Wodsudeuiulnmidendlailiu il seiiuia
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1. Mswmsunnu e

uvislyimiilen (commercial pure titanium grade |,
KVM Heating Element Co., Lt., Pathumthani, Thailand)
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fladiuns uardaliioumaousonsymemsetiay
awiBum 500 800 waw 1000 Feie3asdniiuiiaag (variable
speed grinder polisher, Ecomet 3, Buehler, Illinois, USA)
ndurhanuazeadedliuseq (deionized water) ne
ThrsewhANuazonssUUSans el (ultrasonic cleaner,
Vibraclean 300, MDT biologic company, New Yok, USA)
10 Wit 2 afa pudoerdlaunazieniueasdnsas 10 Wi
diortdalusiu® wasdadaehlivssg 5w
2. nswdeulnmieudiemsatasestuiinanudiudusia o
A8y AAnNB DN

w3sna1sazarelnalnoaai iauuniauenludey
Aaplsaniefiudauiia (poly(diallyldimethylammonium
chloride), PDADMAC, Aldrich, Missouri, USA) Wazdnsazans
ndlanea-d-alasudalmunsofiedaed (poly(sodium 4-
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westuTlsaniviauewdng uels (Bombyx mori, sericin extract
powder, Specialty Natural Product®, Chonburi, Thailand)
Tldrudiiudenas 10 TnesnadeUsinns ntashindons
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Fadutufufausiaogiuuuan® antuhlugiluasasas
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U595 30 17 EnedneniilEUseq 3 e adsar 2 unit il

Angwarawong et al., 2020 127



Aouhtuslunegeuludunoudely thiunuly
liendenaowuseuasansiiloan (Ultraviolet
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Soya Broth), HiMedia Laboratories Pvt. Ltd., Mumbi, India)
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Figure 2 Percentage of microbial viability of Staphylococcus aureus biofilm(A) and Candida albicans (B) in biofilm. Data were pre
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Figure 3 Scanning electron micrograph of Staphylococcus aureus biofilm at 3000x and 5000x magnification
Abbreviations: TCP, Tissue culture plate; Ti, Titanium disc; PDADMAC, PDADMAC coated on titanium disc
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Figure 4 Scanning electron micrograph of Candida albicans biofilm at 1000x and 3000x magnification
Abbreviations: TCP, Tissue culture plate; Ti, Titanium disc; PDADMAC, PDADMAC coated on titanium disc
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Abstract

This study determined the relationship between symphysis dimensions and the alveolar bone thickness
(ABT) at the mandibular incisors in different vertical skeletal patterns. 75 patients (average age 24.5 years) were
divided into three groups according to their vertical skeletal pattern (skeletal deepbite, skeletal normal bite, and
skeletal openbite). The labial and lingual ABTs at the mandibular incisors at the cervical, mid-root, and apical levels
and the mandibular symphysis height and width were measured from cone-beam computed tomography images.
The symphysis ratio was the ratio of symphysis width to symphysis height. One-way ANOVA was used to determine the
differences in symphysis dimensions and ABT between the three groups and Pearson’s correlation coefficient was used
to determine the relationship between symphysis dimensions and ABTs at a 0.05 significance level. The symphysis
dimensions and ABT were related in every skeletal pattern. Symphysis height negatively correlated with only labial
apical ABT in skeletal normal bite patients. The relationship between symphysis width and ratio and ABT, mainly at
the lingual surface, in skeletal openbite patients was the strongest, followed by skeletal normal bite and deepbite
patients. The positive relationship between the mandibular symphysis width and symphysis ratio and ABT at the
mandibular incisors was the strongest in skeletal openbite patients. The skeletal openbite patients with a taller symphysis
had a stronger tendency to have a thinner lingual mid-root to apical ABT and total apical ABT compared with the
other vertical skeletal patterns. The limited amount of mandibular incisor tooth movement in these patients should

be considered.
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Introduction

The alveolar bone is one of the periodontal
tissues that support the teeth in the jaws. To achieve the
ideal orthodontic tooth movement, orthodontists expect
that the alveolar bone will adapt consistent with tooth
movement. Thus, tooth movement should occur based
on the treatment plan without causing any damage to the
supporting bone. However, some deleterious consequences
after orthodontic treatment, such as reduced alveolar
bone thickness (ABT), bony dehiscences, and cortical
plate perforations, have been reported, particularly at
the anterior mandibular region"* Moreover, the severity
of alveolar bone loss after orthodontic treatment is related
to the initial ABT.” Therefore, the thickness of the alveolar
bone is considered as the boundary for tooth movement
and violating this limit might negatively affect the bony
support. Previous studies®’ revealed a very thin layer of
labial and lingual alveolar bone in this area, especially at
the upper-half root level. Not surprisingly, the mandibular
anterior region is the most restricted for orthodontic tooth
movement in the labio-lingual direction.”

Numerous studies have indicated that the
factors related to the mandibular incisor’s ABT include
aging’, amount of crowding and rotation', and skeletal
relationship.'"™ At the apical level, skeletal openbite
(hyperdivergent) patients had thinner alveolar bone
compared with skeletal normal and skeletal deepbite
(hypodivergent) patients. However the ABTs at the
cervical to mid-root level were similar between the three
vertical facial types." "> Although a skeletal openbite is
strongly associated with thin alveolar bone, a very thin
alveolus is present in every vertical skeletal pattern.”*”

The mandibular symphysis dimensions are
other factors associated with the ABT in the anterior
mandible. Severe alveolar bone loss at the mandibular
incisors was found in orthodontic patients who had a
narrow and tall symphysis.” Patients with a short and
wide symphysis tended to have a thicker alveolar bone

Llé

at the apical level.® However, the relationship between
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symphysis dimensions and the ABT at the mandibular
anterior teeth with different vertical skeletal patterns
has not been reported.

Cone-beam computed tomography (CBCT) is
commonly used for three-dimensional structural exami-
nation in orthodontics. The data from CBCT images
overcome some of the drawbacks of conventional
lateral cephalometry (a two-dimensional image), such
as structural overlapping and magnification error. The
anterior mandible is a three-dimensional structure,
consisting of four incisors. Therefore, the ABT of each tooth,
which cannot be measured exactly using conventional
lateral cephalometry, can be examined individually on
CBCT images. Moreover the accuracy of the dimensional
measurements from CBCT images corresponds with
actual structure sizes, thus clinicians and researchers
can get more accurate qualitative and quantitative data
from CBCT images.'""®

The aim of this study was to evaluate the relation-
ship between the ABT at the mandibular incisors at
the cervical to apical levels and mandibular symphysis

dimensions in different vertical skeletal patterns.

Materials and Methods

The study protocol was approved by the Ethics
Committee of the Faculty of Dentistry, Chulalongkorn
University (HREC-DCU 2018-041). 75 Patients in the Faculty
of Dentistry, Chulalongkorn University (36 males and 39
females) whose CBCT images were acquired from August
2013 to April 2018, were selected with the following
inclusion criteria: age between 18 to 30 years, no previous
orthodontic treatment, full permanent dentition without
severe rotation or more than 3 mm crowding of the
mandibular incisors, Class | sagittal skeletal relationship,
no oral pathology or periodontal disease, and the landmarks
used in this study were easily identified on the CBCT image.
The sample size was calculated from a previous study*

using the G* power program version 3.1.9.2. twenty five



patients were determined to be required per group for
a 0.05 significance level and 80 % power of the test.

The CBCT images were taken with a 3DX Accuitomo
170 machine (J. Morita, Kyoto, Japan) with 60-90 kVp, 1-10
mA, and 17.5 sec scanning time while the patients bit in
maximum intercuspation. The CBCT image field of view
was 8x8 cm with a 0.165 mm voxel size. The patients were
divided into three groups (25 patients/group) based on
vertical skeletal pattern (i.e. skeletal deepbite; 12 males
13 females, skeletal normal bite; 12 males 13 females,
and skeletal openbite; 11 males 14 females). Lateral
cephalograms constructed from the CBCT images using
the maximum intensity projection method, were used
for skeletal pattern identification. The sagittal skeletal
relationship was identified using Wits appraisal (AO-BO)."
Patients with a Class | skeletal relationship, based on
Thai norms (AO-BO = -4.1-0.7 mm)®, were recruited in
this study. The palatal plane-mandibular plane (PP-MP)
angle used to identify the vertical skeletal pattern was
constructed in the palatal plane (ANS to PNS) and a line
tangential to the lower border of the mandible as the
mandibular plane and Thai norms of the palatal PP-MP
angle” were used as standard values to categorize patients
(skeletal deepbite < 21°, skeletal normal bite = 21°-29°,
and skeletal openbite > 29°).

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 thick slice was
used for the 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 at 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

apical to the cemento-enamel junction, defined as the

cervical level, 6 mm apical to the cemento-enamel
junction, defined as the mid-root level, and at the root
apices, defined as the apical level (Fig. 1). For the symphysis
dimension measurements, the mandibular midline was
used as the sagittal plane. The symphysis height was
measured from the midpoint of the alveolar crest to
Menton (Me). The symphysis width was measured from
Pogonion (Pog) perpendicular to the symphysis height
to the external limit of the lingual cortical bone. The
symphysis ratio was calculated by dividing the symphysis
width by symphysis height (Fig. 2). One month after the
first measurement, 20 % of the patients were randomly
selected. The same operator measured all variables again
to determine the intra-rater reliability. An intra-class
correlation coefficient (ICC) of 0.82-0.91 was found,
showing excellent intra-rater reliability.

All statistical analyses were performed using
SPSS v.22.00 (SPSS Inc., Chicago, IL, USA). The significance
level was set at 0.05. The Kolomgorov-Smirmnov test
verified a normal distribution for all variables. The ABTs
in the same subject were compared between the left
and right teeth by the independent t-test. The result
showed a nonsignificant difference in the ABTs between
the left and right teeth, thus the data were combined for
further statistical analysis. A comparison of all variables
according to sex was performed using the independent
t-test. No significant differences were found between
the male and female variables; therefore, sex was not
included as an independent variable in this study. One-
way ANOVA and Tukey’s post-hoc test were performed
to determine the differences in age, sagittal skeletal
relationship, ABTs, and symphysis dimensions of the
mandibular incisors between the three vertical skeletal
patterns. Pearson correlation coefficients were used
to evaluate the relationship between the symphysis
dimensions and ABTs at the mandibular incisors in the

three vertical skeletal patterns.
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Figure 1 The labial and lingual ABTs at 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.

. * Symphysis ratio =
Symph?fsw * Symphysis height/
boight Symphysis width
Labial Lingual
surface surface
Pogonion ‘ Symphysis
width

Menton

Figure 2 Symphysis width and height were measured from an anteroposterior cross-section of the mandibular symphysis. The sym
physis ratio was the ratio of the symphysis width to symphysis height.
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The descriptive analytic summary of the subjects

is presented in Table 1. There was no significant difference

Table 1 Comparison of the means and standard deviations in the age, sagittal skeletal pattern, symphysis dimensions, and ABTs in

the different vertical skeletal patterns

in age or Wits appraisal (sagittal skeletal relationship)

between the three groups.

Deepbite (D)  Normal bite (N)  Openbite (O) ANOVA Tukey’s tests
Measurement
(N = 25) (N = 25) (N = 25) p-value Statistically different groups

Age (year) 23.47 + 4.50 25.87 + 5.60 24.33 + 4.40 NS -
Wit’s appraisal (mm) -1.29 £ 1.36 -1.34 £ 0.97 -1.35 £ 1.14 NS -
Symphysis height (mm) 30.89 + 2.07 32.71 £ 3.71 34.23 + 3.79 0.012 Dvs. O
Symphysis width (mm) 14.08 + 1.58 13.41 £ 1.10 13.34 + 1.87 NS -
Symphysis ratio 0.45 +0.05 0.41 +0.05 0.40 + 0.04 0.007 DvsO
Mandibular central incisor’s ABT

Labial-cervical 1.06 + 0.36 0.83 +0.28 0.90 + 0.32 NS -

Labial-mid root 0.65 + 0.25 0.48 + 0.19 0.48 + 0.29 NS -

Labial-apical 3.94 + 1.40 326 £1.21 294 + 0.87 NS -

Lingual-cervical 0.81 +0.29 0.82 + 0.33 0.79 + 0.25 NS -

Lingual-mid root 1.65 + 0.60 1.27 +0.45 1.19 + 0.49 0.041 DvsO

Lingual-apical 536 + 1.69 4.94 + 0.92 4.42 +1.23 NS -

total apical 9.29 +1.28 8.21 + 1.38 7.37 £ 1.55 0.002 DvsO
Mandibular lateral incisor’s ABT

Labial-cervical 1.11 £ 041 0.89 + 0.33 0.84 + 0.37 NS -

Labial-mid root 0.42 + 0.17 0.35 + 0.11 0.32 + 0.17 NS -

Labial-apical 4.22 +1.32 351+ 1.16 333+ 0.79 NS -

Lingual-cervical 1.09 + 0.30 0.93 + 0.25 0.98 + 0.32 NS -

Lingual-mid root 2.27 + 0.63 1.45 + 0.42 1.39 + 0.59 < 0.001 DvsO

Lingual-apical 5.40 + 1.60 4.71 +0.62 4.55 + 1.37 NS -

total apicalO 9.62 + 1.29 8.22 + 1.32 7.89 + 1.58 0.004 DvsN,Dvs O

*Values are presented as mean + standard deviation

The symphysis height in the skeletal openbite
patients (34.23 + 3.79 mm) was significantly higher compared
with the skeletal deepbite patients (30.89 + 2.07 mm).
However, there was not a significant difference in symphysis
width between the three groups. The symphysis ratio in
the skeletal openbite patients (0.40 + 0.04) was significantly
lower than that of the skeletal deepbite patients (0.45 + 0.05).

Our results demonstrated that the mean values of
the lingual mid-root and total apical ABTs of the skeletal
deepbite patients were significantly higher compared
with the skeletal openbite patients. Moreover, the total
apical ABT at the mandibular lateral incisors in the skeletal
deepbite patients was also significantly higher compared

with the skeletal normal bite patients.
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Correlation between symphysis dimensions and
Labial ABTs (Table 2)

The skeletal deepbite patients demonstrated
only a weak positive relationship between symphysis
width and the lateral incisors’ labial cervical ABT. The
results indicated that the skeletal normal bite patients
had a weak negative correlation between symphysis
height and the labial apical ABT at the lateral incisors.
In addition, the symphysis width in the skeletal normal
bite patients was weakly correlated with the labial
cervical ABT at the lateral incisors and the symphysis
ratio was moderately correlated with the labial apical
ABT at the central incisors.

We found that the symphysis width in the
skeletal openbite patients was weakly positively related
to the central incisors’ labial apical ABT and the lateral
incisors’ labial cervical ABT. The symphysis ratio in the
skeletal openbite patients had a weak positive correlation
with the labial apical ABT at the central incisors and had
a moderate positive correlation with the labial apical
ABT at the lateral incisors, (R = 0.492), which was the
strongest relationship between labial ABT and symphysis
dimensions.

Correlation between symphysis dimensions and lingual
ABTs (Table 3)

The skeletal deepbite patients demonstrated a
weak positive correlation between the symphysis width
and the lingual apical ABT at the central and lateral
incisors and between the symphysis ratio and lingual
apical ABT at the central incisors.

The symphysis width of the skeletal normal
bite patients was weakly positively correlated with
the lingual mid-root ABT at the lateral incisors and
was moderately positively correlated with the central

incisors’” lingual mid-root to apical ABTs and the lateral
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incisors’ lingual cervical and apical ABTs. Moreover, the
symphysis ratio had a weak positive correlation with the
lingual apical ABT of the central incisors.

The skeletal openbite patients’ symphysis width
had a weak positive correlation with the lingual mid-root
ABT at the central incisors and was moderately positively
correlated with the central incisors’ lingual apical ABT
and the lateral incisors’ lingual mid-root ABT. Additionally,
we found that the symphysis width demonstrated a strong
positive correlation, which was the strongest correlation
found among the lingual ABTSs, (R = 0.702), with the lingual
apical ABT at the lateral incisors. The symphysis ratio
had a weak positive correlation with the lingual mid-root
ABT at the lateral incisors, and was moderately positively
correlated with the lingual apical ABT at both teeth.
Correlation between symphysis dimensions and total
apical ABT (Table 4)

The skeletal deepbite patients had only a weak
positive relationship between the symphysis width and
total apical ABT at the central incisors and between the
symphysis ratio and total apical ABT at both teeth.

The symphysis width in the skeletal normal
bite patients revealed a weak positive correlation with
the total apical ABT at the central and lateral incisors.
Furthermore, the symphysis ratio demonstrated a moderate
positive correlation with the total apical ABT at both teeth.

A strong positive correlation between the sym-
physis width and the total apical ABT was found at the
central and lateral incisors in the skeletal openbite patients.
Moreover, the relationship between the symphysis width
and total apical ABT at the lateral incisors demonstrated
the strongest correlation (R = 0.719) in this study. The
symphysis ratio was moderately positively correlated with

the total apical ABT at the central and lateral incisors.



Table 2 Correlation between symphysis dimensions and mandibular incisors’ labial alveolar bone thickness

Deepbite (N = 25)

Normal bite (N = 25)

Openbite (N = 25)

Sites Symphysis  Symphysis  Symphysis = Symphysis  Symphysis  Symphysis  Symphysis  Symphysis  Symphysis
Height Width Ratio Height Width Ratio Height Width Ratio
Central incisor
Labial-cervical 0.220 0.320 0.130 0.286 0.110 -0.117 -0.038 0.149 0.264
Labial-mid root -0.024 -0.022 0.005 0.031 0.320 0.255 -0.270 -0.085 -0.187
Labial-apical -0.108 -0.040 0.031 -0.351 0.282 0.442* -0.177 0.315* 0.336*
Lateral incisor
Labial-cervical 0.277 0.352* 0.014 0.223 0.332* -0.018 0.165 0.302* 0.127
Labial-mid root -0.139 0.229 0.354 0.031 0.159 0.146 0.059 0.276 -0.023
Labial-apical -0.281 0.053 0.177 -0.376** 0.236 0.278 -0.242 0.225 0.492**

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

Table 3 Correlation between symphysis dimensions and mandibular incisors’ lingual alveolar bone thickness

Deepbite (N = 25)

Normal bite (N = 25)

Openbite (N = 25)

Sites Symphysis  Symphysis Symphysis  Symphysis  Symphysis  Symphysis  Symphysis  Symphysis  Symphysis
Height Width Ratio Height Width Ratio Height Width Ratio
Central incisor
Labial-cervical 0.264 0.229 0.008 0.178 0.328 0.101 0.309 0.132 0.163
Labial-mid root -0.025 -0.154 0.167 0.078 0.409* 0.232 0.264 0.379%* 0.338
Labial-apical 0.131 0.371%** 0.349* -0.131 0.489%** 0.385* 0.071 0.569%** 0.520%*
Lateral incisor
Labial-cervical 0.082 0.318 0.160 0.129 0.448** 0.227 0.149 0.318 0.090
Labial-mid root 0.032 0.319 0.226 0.347 0.368* 0.294 0.162 0.460* 0.366*
Labial-apical 0.166 0.313* 0.198 0.194 0.568** 0.207 -0.114 0.702** 0.437**

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

Table 4 Correlation between symphysis dimensions and mandibular incisors’ total apical alveolar bone thickness

Deepbite (N = 25)

Normal bite (N = 25)

Openbite (N = 25)

Sites Symphysis  Symphysis  Symphysis  Symphysis  Symphysis = Symphysis  Symphysis = Symphysis  Symphysis
Height Width Ratio Height Width Ratio Height Width Ratio
Central incisor
total apical 0.028 0.308** 0.356* -0.360 0.393* 0.478* -0.260 0.679** 0.462*
Lateral incisor
total apical 0.075 0.184 0.370* -0.293 0.328* 0.536** -0.081 0.719* 0.590**

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
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Discussion

Vertical skeletal patterns and symphysis dimen-
sions were the independent variables in the current
study. However, other factors might be related to ABT.
Koh et al.’ reported that the alveolar bone level is reduced
in an age-dependent manner. Older patients tend to
have thinner alveolar bone; therefore, in the present study,
we recruited only 18-30-year-old subjects. In addition, some
types of malocclusion, such as crowding or rotation, impact
the thickness of the alveolar plate.'® Thus, based on our
inclusion criteria, the subjects in our study had only mild
crowding (0-3 mm). Moreover, the sagittal skeletal pattern

L1219 Based on

is related to the mandibular incisor’s ABT.
this, only skeletal Class | relationship patients were recruited
to eliminate this confounding factor.

The present study used lateral cephalograms
constructed from CBCTs to identify the sagittal and

22 yavealed

vertical skeletal patterns. Previous studies
that the reliability of lateral cephalograms constructed
from CBCTs was comparable to conventional lateral
cephalograms and valid for scientific research. Moreover,
some landmarks; such as Menton, Pogonion, and the upper
and the lower incisal edge and root apex, of the lateral
cephalograms constructed from CBCTs had a significantly
higher reliability compared with conventional lateral
cephalograms.” The small field of view (FOV) (8x8 cm) of
the CBCT images, which does not involve the cranial base,
was used in this study. The palatal plane-mandibular
plane (PP-MP) angle was selected to identify each subject’s
vertical skeletal pattern instead of the Sella to Nasion-
mandibular plane (SN-MP) angle. Petchdachai”' reported
a high correspondence between the PP-MP angle and
other parameters, e.g. Frankfurt’s horizontal plane and
SN-MP angle, which are commonly used to identify the
vertical skeletal pattern. In addition, the small FOV CBCT
images used in this study have a small voxel size and
provide higher partial resolution and display structural
details better. Because our study investigated the ABT
of the mandibular incisors, which is very thin, the small
voxel size (0.165 mm) results in more accurate measure-

ments compared with the larger voxel size.
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Previous studies*” have found that the mandi-
bular symphysis in hyperdivergent patients was taller
and narrower compared with hypodivergent patients.
These findings partly corresponded with ours. The results
of our study indicated that the symphysis height in skeletal
openbite patients was significantly hisher compared with
skeletal deepbite patients. However, we did not find a
significant difference in symphysis width between the
skeletal openbite and deepbite patients. Thus, these
results suggest that the mandibular symphysis in hyper-
divergent patients was higher, but not narrower, than that
in hypodivergent patients. The different finding between

our results and previous studies”*’

may be due to using
different types of radiographs. The previous studies used
conventional lateral cephalograms for evaluating the
symphysis dimensions, whereas our study used CBCT
imaging. Therefore, our study measured the symphysis
dimensions at the mid-sagittal plane without the involve-
ment of adjacent structures.

The present study detected differences in the
mandibular incisors’ ABT between vertical skeletal
patterns. Consistent with the results of other studies'™,
the mandibular incisors” ABT at the root apex level in
skeletal deepbite patients was significantly thicker
compared with skeletal openbite patients. The thinner
bony support of the skeletal openbite patients might be
a consequence of dento-alveolar compensation, because
the teeth and alveolar bone over-erupted to maintain
the overbite for the increased vertical skeletal dimensions.

1% indicated that there was

Although previous studies
no difference in ABT at the upper half root level between
vertical skeletal patterns, the current study found that the
lingual alveolar bone at the mid-root level in skeletal
deepbite patients was significantly thicker compared with
the skeletal openbite patients. The different ethnicities
of the subjects between our study and former studies
might explain the disparate results.

The present study also found differences in the
relationship between the symphysis dimensions and the

ABT at the mandibular incisors between the labial and



lingual plates, which was similar to the results of Foosiri
et al,.'* The labial alveolar bone had a weak to moderate
relationship with the symphysis width at the cervical level
and demonstrated a moderate relationship with the
symphysis ratio at the apical level. However, the symphysis
width and symphysis ratio had a weak to moderate positive
relationship with all levels of the lateral incisor’s lingual
ABT and mid-root to apical level of the central incisor’s
ABT. Moreover, a strong positive correlation was found
between the symphysis width and the lingual apical ABT
at the lateral incisor. The total apical ABT at both teeth
demonstrated a moderate positive relationship with the
symphysis width and had strong positive relationship
with the symphysis ratio. Studies of the postnatal growth
of the mandibular symphyseal area®”’ found that the
lingual cortex of the anterior mandible, including the dento-
alveolar process, and the protruding chin, underwent
periosteal bone deposition during growth. In contrast, the
labial side of the anterior mandible above the protruding
chin exhibited an inconsistent pattern of periosteal bone
resorption, with some patients demonstrating resorption
only at the interdental area, while others had resorption
over the entire surface. The similar bone remodeling
activity at the protruding chin and lingual cortex of the
anterior mandible and the different bone remodeling
activity at the protruding chin and labial cortex, which is
located above the protruding chin, might explain the
stronger association between the lingual ABT and symphysis
width and ratio, compared with the labial ABT.

Our study found a relationship between the
symphysis dimensions and the mandibular incisors” ABTs
in every vertical skeletal pattern. However, the number
of ABTs that were significantly related to the symphysis
dimensions and the degree of correlation coefficient
were different in each vertical skeletal pattern. Thus,
the relationship between symphysis dimensions and ABT
was strongest in skeletal openbite patients and weakest
in skeletal deepbite patients. The strongest correlation
(R = 0.68-0.72) among the groups was found in skeletal
openbite patients between symphysis width and total

apical ABT of both teeth and between symphysis width
and lingual apical ABT at the lateral incisors. Whereas
the relationship between apical ABT and symphysis
width and ratio in skeletal deepbite patients was only
weakly positively correlated (R = 0.31-0.37). The overall
result from our study and a previous study'®, which
demonstrated that apical alveolar bone and lingual
alveolar bone tended to be thicker in patients with a
wide and short symphysis compared with those with a
narrow and long symphysis, and this relationship was
stronger in skeletal openbite patients, compared with
skeletal deepbite patients. The difference in the amount
of chin prominence between vertical skeletal patterns
might explain these findings. A thick protruding chin area
(protuberantia mentalia) was commonly found in hypo-
divergent patients, and hyperdivergent patients naturally
had a small protruding chin area. Moreover, there was a
wider range in the protruding chin areas between hypo-
divergent patients compared with the hyperdivergent
patients, which had a narrow range.”® Because our study
defined symphysis width as a linear measurement from
Pog point to the external lingual limit of the symphysis, the
protruding chin area was involved in the measurement.
Therefore, in skeletal openbite patients, the symphysis
width was better correlated with the ABT of the mandibular
incisors than that of skeletal deepbite patients.

Based on our results, the relationship between
the symphysis dimensions and ABT was strongest in the
skeletal openbite patients and weakest in the skeletal
deepbite patients. Orthodontists should include the
mandibular symphysis dimensions as a factor that is
related to ABT, especially in skeletal openbite patients.
This is because thin alveolar bone is associated with negative
consequences after orthodontic treatment.”* To prevent
deleterious effects, such as alveolar bone loss or bony
dehiscence and fenestration, the pre-treatment alveolar
bone at the mandibular incisors should be considered
the limit for orthodontic tooth movement, particularly in
skeletal openbite patients, who have a tall and narrow

symphysis. The type and amount of tooth movement
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should be initially planned based on the amount of bony
support. In patients requiring lingual tooth movement,
bodily tooth movement or controlled tipping should be
selected rather than un-controlled tipping that can
potentially move the root apex through the labial plate
as the crown is moving lingually. Similarly, labial tooth
movement should be achieved using controlled tipping
with a rotation center at the root apex rather than bodily
tooth movement. Importantly, clinicians should use a
low force for orthodontic tooth movement and carefully
monitor the existing labial and lingual alveolar bone at
the mandibular incisors throughout the treatment period.

Hoang et al,.” hypothesized that the thin alveolar
bone found in hyperdivegent patients resulted from vertical
dental compensation, which maintained the overbite by
over-eruption of dentoalveolar process. The overall results
of our study, which indicated a negative relationship
between symphysis height and apical ABT, supports this
idea. However, skeletal normal bite patients were the
only group that demonstrated this tendency; the skeletal
openbite patients did not have this relationship. This finding
may be due to an inadequate sample size per group, which
is a limitation of our study. Future studies should increase
the number of patients to better evaluate the relationship
between symphysis dimensions and ABT in different vertical

skeletal patterns.

Conclusion

The positive relationship between the mandi-
bular symphysis width and symphysis ratio, which is the
ratio of symphysis width to symphysis height, and the ABT
at the mandibular incisors was strongest in the skeletal
openbite patients. The skeletal openbite patients with a
taller symphysis were more likely to have a thinner lingual
mid-root to apical ABT and total apical ABT, compared
with the other vertical dimension patients. The limited
amount of mandibular incisor tooth movement that can

take place in these patients should be carefully considered.
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The Effect of Various Types of Silane Coupling Agents on The Wettability of
Hydrofluoric Acid-Etched/Unetched Lithium Disilicate Surfaces
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'Department of Prosthodontics, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

2Departmen‘t of Prosthodontics, College of Dental Medicine, Rangsit University, Pathumthani, Thailand

Abstract

The aim of this study was to investigate the effect of treating the etched/unetched lithium disilicate surface with
various types of silane coupling agents on the contact angle measurement. One hundred fifty lithium disilicate disks
were prepared to dimensions of 10 millimeters in diameter and 3 millimeters in height. The samples were randomly
divided into two groups: hydrofluoric etched and unetched lithium disilicate surfaces before silane application. Each
group was further divided into five subgroups, according to type of silane coupling agent used to treat the prepared
surfaces, no treatment (control), Kerr silane primer, Monobond N, Rely X ceramic primer and an experimental silane,
respectively. The contact angles between deionized water and the prepared surface were measured using a contact
angle tester via the sessile drop method. Data were statistically analyzed using Two-way analysis of variance and
Tukey’s multiple comparison tests ((1=0.05). The results showed that in the unetched lithium disilicate disk group,
the lowest contact angle values were observed in the control group, whereas the Monobond N group showed
the highest contact angle values. Within the etched group, the control group also demonstrated lowest contact
angle and the Kerr silane primer group exhibited highest contact angle value. In conclusion, application of silane
coupling agents significantly reduced the wettability of deionized water on the silane-coated surface. The type of
silane coupling agent selected significantly influenced the wettability of deionized water. Etching the surface with
hydrofluoric acid prior to silane application significantly increased surface wettability in all treatment groups except

for groups that were treated with resin-containing silane primer.

Keywords: Contact angle, Hydrofluoric acid, Lithium disilicate, Silane coupling agent, Surface treatment

Received date: Dec 23,2019 Revised date: Jan 23,2020 Accepted date: Feb 3,2020
Doi: 10.14456/jdat.2020.15

Correspondence to:

Tool Sriamporn, Department of Prosthodontics, College of Dental Medicine, Rangsit University. 52/347 Muang-Ake, Phaholyothin Road,
Lak-Hok, 12000, Pathum Thani, Pathum Thani, Thailand. Tel: 0-2997-2200-30 Ext. 4312 E-mail: Tool.s@rsu.ac.th

150 J DENT ASSOC THAI Vol.70 No.2 April - June 2020



Introduction

All-ceramic restorations have gained increasing
popularity due to their biocompatibility and ability to
mimic natural tooth structure that offers good esthetics.
Newer types of ceramics such as lithium disilicate glass
and zirconia ceramic have demonstrated more than
sufficient strength to withstand intraoral forces. They can
be used to fabricate inlays, onlays, and crowns in both
the anterior and posterior regions.' However, the longevity
of the ceramic restoration does not depends solely on the
mechanical properties of the material alone. Several other
factors affect restoration longevity; for example, caries
index, type of dentition, site of restoration, size of restoration,
reasons for placement, oral cleanliness, etc.” The quality
of the tooth-restoration bond is a dominant factor that
greatly influences the clinical outcome.” A reliable resin
bond promotes retention of the restoration,” improves its

" reduces microleakage®’ and

marginal adaptability,
enhances fracture resistance.”

Several methods had been proposed to achieve
the optimal resin-ceramic bond including mechanical with
chemical modifications, as mechanical treatment alone
may be inadequate in providing a reliable bond between
the ceramic surface and resin cement. For silica-based
ceramics, a reliable bond between the resin-ceramic
surfaces can be achieved by hydrofluoric acid etching
(mechanical bonding) along with silane priming (chemical
bonding).

Hydrofluoric acid promotes the bondability
of lithium disilicate by roughening its surface which
increases the total surface area available for bonding.’
The mechanism can be explained by the bond affinity
between fluoride and silicon being higher than that of
silicon-oxygen." The acid selectively removes the glassy
matrix of the lithium disilicate surface, leaving an exposed
crystalline structure which is responsible for the micro-
mechanical retention with resin cements.'""

Silane coupling agents are used in various appli-
cations in the field of dentistry. Trialkoxysilanes, such as

3-methacryloyloxypropyltrimethoxysilane (MPS), is one

of the most commonly used silane coupling agents.”
Silane molecules can react to water molecules via hydrolysis
to produce three silanol groups (-Si-OH) from the corre-
sponding methoxy groups (-Si-O-CH?3). The silanol groups
are capable of forming stable siloxane networks (-Si-O-Si-
O-) on the glass ceramic surface. Application of silane may
be one of the most crucial steps in obtaining an optimal
bond between silica-based ceramic and resin cement.

Various types of silane coupling agents are com-
mercially available in the market. Two-bottle systems are
known to provide a longer shelf life and increase initial
reactivity compared to the one-bottle system." However,
to simplify the bonding procedure, manufacturers tend to
produce prehydrolyzed single-bottle silanes that contains
other universal adhesive primers which may include many
other components such as bisphenol A glycidyl metha-
crylate (Bis-GMA), phosphate-containing monomers, etc.”

Organofunctional silanes are bifunctional mole-
cules that promote the chemical bond of silica-based
ceramic and composite resins.' Its hydrophobic property
may influence the reduction of the hydrolytic degradation
of the bond."""* Many studies have proven silane coupling
agents to improve the bond strength of silica-based ceramic
and resin cement. However, studies regarding the contact
angle and wettability of substrate after treatment with
silane coupling agents of different compositions is still
limited. Silane coupling agents are believed to help increase
the surface energy of the substrate and wettability of the
luting agent to the coated ceramic surface.'*'**

The purpose of this study was to investigate the
effect of treating the etched/unetched lithium disilicate
ceramic surface with various types of silane coupling
agents on the contact angle measurement of deionized
water. The null hypothesis was that the different types
of silane coupling agents used would not affect the
contact angle formed between the deionized water
droplets and the etched/unetched lithium disilicate

glass ceramic surfaces.
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Materials and Methods

Lithium disilicate disks preparation

One hundred fifty lithium disilicate disks (IPS
e.max Press, Ivoclar-Vivadent, Schaan, Liechtenstein)
were prepared by waxing up disk-shaped samples with
diameters of 10 millimeters and heights of 3 millimeters.
The lost wax technique and heat-pressed processes were
performed according to the manufacturer’s instructions.

The samples were polished with 1000-grit silicon
carbide abrasive paper” using a polishing machine
(Minitech 233, Presi, Le Locle, Switzerland), spinning in

clockwise motion at 200 rounds/minute for 5 minutes

with a pressure of 2 kg/cm” under running water. The
abrasive papers were replaced between samples. After
polishing, the samples were ultrasonically cleaned in
distilled water for 10 minutes using an ultrasonic cleaner
(Ultrasonic cleaner VI, Yoshida dental trade distribution
Co., Tokyo, Japan).
Setting up the experimental groups

The samples were randomly assigned into ten
groups (n=15) based on the type of silane coupling
agent used to treat the surface of lithium disilicate and

whether the sample was acid-etched. (Table 1);

Table 1 List of materials used

Product name

Types

Compositions

Manufacturer/Supplier

IPS e.max Press
(Lot Y10318)

Kerr silane primer
(Lot 7072259)

Monobond N
(Lot X41367)

RelyX ceramic primer
(Lot N988623)

Experimental silane:
3(Trimethoxysilyl)
propyl methacrylate
(Lot SHBJ3136)

IPS ceramic etching gel
(Lot Y06707)

Lithium disilicate
glass ceramic

Silane

Silane

Silane

Silane

Hydrofluoric acid

Si0,, Li,0,K 0, PO, Z10,, ZnO,
other oxides and ceramic pigments

Ethanol, (1-methylethylidene)
bis[4,1-phenyleneoxy(2- hydroxy-3,
1-propanediyl)] bismethacrylate
Poly(oxy-1,2-ethanediyl), oL, 0L’ -[(1-
methylethylidene)di-4,1-phenylene]
bis[M-{(2- methyl-1-oxo-2-propen-1-yloxy]-
2,2’-ethylenedioxydiethyl dimethacrylate
3-trimethoxysilylpropyl methacrylate

Ethanol, methacrylated phosphoric acid
ester, sulphide methacrylate, 3-
trimethoxysilylpropyl methacrylate

Ethanol, water,
methacryloxypropyltrimethoxysilane

Water, ethanol, acetic acid,
methacryloxypropyltrimethoxysilane

4.5% Hydrofluoric acid

Ivoclar-Vivadent,
Schaan/Liechtenstein

Kerr corporation, West Collins
Avenue Orange,
California, USA

Ivoclar-Vivadent,
Schaan/Liechtenstein

3M ESPE Dental products, Conway
Avenue St. Paul, Minnesota, USA

Sigma-Aldrich, Missouri,
USA

lvoclar-Vivadent,
Schaan/Liechtenstein
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Group 1. No silane (NS), serves as a control group

Group 2. Kerr silane primer (KP)

Group 3. Monobond N (MN)

Group 4. RelyX ceramic primer (RX)

Group 5. Experimental silane (ES)

Group 6-10 were identical to Groups 1-5 in terms
of the silane coupling agent used; however, these groups
were etched with 4.5% hydrofluoric acid gel (IPS ceramic
etching gel, Ivoclar-Vivadent, Schaan/Liechtenstein) for
20 seconds, rinsed with deionized water spray for 60
seconds and gently air dried"” prior to application of
respective silane coupling agents.

The experimental silane was prepared by mixing
a solution of 95% ethanol / 5% distilled water in a beaker.
The pH of the solution was adjusted to 4.5-5.5 with acetic
acid using a digital pH meter (Orion 420A pH meter,
Thermo Electron Corporation, Massachusetts, USA). The
solution was transferred to a plastic bottle and silane
coupling agent (3-(Trimethoxysilyl)propyl methacrylate,
Sigma-Aldrich, Missouri, USA) was added with stirring to
yield a 2% final concentration. The solution was left
untouched for five minutes allowing the hydrolysis and
silanol formation. A magnetic stirrer and bar (Hotplate
stirrer UC152, Stuart Scientific, Staffordshire, UK) was used
to gently mix the solution for 1-2 minutes.

A drop of the respective silane coupling agent
was applied to each sample using a micropipette (10
microliters) and smeared into thin coat using a microbrush
(Citisen Micro Applicator, Huanghua Promisee Dental, Hebei,
China). After silane application, the treated samples were
left untouched, allowing the silane to react with the disk
surfaces according to the manufacturers’ instruction.
New microbrushes were used to remove any remaining
excess around the borders of the samples. Then, the sample
were air-dried for ten seconds using a triple syringe from
a mobile dental unit (10 millimeters from the sample,
pressure 40-50 pound per square inch). Before proceeding
to the next step, the samples were checked to make sure
that the surface was completely dried (no movement

of solution).

Sessile drop test, contact angle measurement

The degree of wettability was determined by
contact angle measurement. Using a needle, ten microliters
of deionized water was placed on the center of the treated/
untreated substrate surface to examine the contact angle
formed between the deionized water droplet and the
prepared substrate. The contact angles were measured
digitally with a goniometer (DSA10 MK2, Krtiss, Hamburg,
Germany) after five seconds. For each drop, the angles
obtained from both ends of the captured image were
averaged and the mean values of each tested group
recorded.
Data analysis

The contact angle between deionized water
and the substrate surface are presented as mean + SD.
The statistical analysis of the contact angles of all groups
were performed using SPSS 20.0 software for Windows
(SPSS Inc, Chicago, Illinois, USA). The data were normally
distributed and Two-way analysis of variance was applied.
Tukey’s multiple comparison tests were conducted to
determine the significant differences between all treatment

groups (0L=0.05).

Figure 1 shows contact angle images for all ex-
perimental groups. The average contact angles obtained
from each respective silane groups are shown in Table 2.

The non-etched samples (G1-5) generally
yielded larger contact angles than the etched samples
(G6-10). In the unetched groups, the control group ex-
hibited the smallest contact angle (G1, 17.02°), while the
Monobond N group showed the largest contact angle
(G3, 46.37°). Kerr silane primer exhibited a larger contact
angle (G2, 38.99°) than both RelyX ceramic primer (G4) and
the experimental silane group (G5), which were relatively
similar (32.09° and 32.53°, respectively). There were significant
differences between all tested groups except RelyX ceramic
primer and the experimental silane group.

In hydrofluoric acid-etched groups, the control

group also exhibited the smallest contact angle (G6, 8.23°),
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while Kerr silane primer demonstrated the largest both RelyX ceramic primer (G9) and the experimental
contact angle (G7, 38.82°). The Monobond N group silane group (G10), which were relatively similar (13.53°
showed significantly larger contact angles (G8, 20.63°) than and 13.29°, respectively).

Figure 1 Contact angle of deionized water on etched and unetched lithium disilicate disks treated with different types of silane
coupling agent. Group without hydrofluoric etching: (G1) Control, (G2) Kerr silane primer, (G3) Monobond N, (G4) RelyX
ceramic primer, (G5) Experimental silane primer. Group with hydrofluoric etching prior to silane application: (G6) HF-no silane,
(G7) HF-Kerr silane primer, (G8) HF-Monobond N, (G9) HF-RelyX ceramic primer, (G10) HF-Experimental silane

Table 2 Average contact angle of respective silane group in degree (°) on etched and unetched lithium disilicate glass

Mean contact angle

Silane coupling agents (n=15) Mean (SD)
Unetched disks Etched disks
Control 17.02 (2.42y 8.23 (1.11)°
Kerr silane primer 38.99 (3.76)° 38.82 (3.54)°
Monobond N 46.37 (4.24) 20.63 (1.87)
RelyX ceramic primer 32.09 (3.80)° 13.53 (1.42)°
Experimental silane 32.53 (3.29)° 13.29 (1.51)

Values with different letters superscripted vary significantly.

Discussion

Based on the results of this study, there were energy.'® Contact angle is defined as the angle where the
significant differences in the contact angle formed between liquid/vapor interface meets a liquid interface/solid surface.

the deionized water and the etched/unetched lithium The degree of wettability depends upon the surface energy

disilicate glass ceramic surface treated with various types (surface tension) of the interfaces involved such that
of silane coupling agent. Therefore, the null hypothesis the total energy is minimized. Several methods can be
was rejected. Many silane coupling agent brands are not used to measure contact angle of surfaces (static sessile

composed of pure MPS but of a mixture of MPS and other drop, dynamic sessile drop, dynamic Wilhelmy, or single-

adhesive substances. Recent studies have suggested that fiber Wilhelmy method). In this study, static sessile drop
the simplified systems, using combinations of different was used due to its convenient operation and popularity.”
functional groups along with other components, may reduce The lithium disilicate disks were polished with
the bond strength of glass ceramic and resin cement when 1000-grit silicon carbide abrasive paper to standardize

12 the roughness of the disks’ surfaces. Alteration of surface

compared to the conventional two-bottle system.
Contact angle values indicate the wettability topography (e.g. grinding, acid-etching, air-borne particle

of a surface and can be used to calculate the surface abrasion) can physically contribute to the adhesion pro-
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cess by altering the surface area and wetting behavior
of ceramic which in turn affects the surface energy and
adhesive potential to resin.'"**

Selecting a probing medium is an important aspect
when measuring the contact angle. Liquid of known surface
tension such as 1-bromo-naphthalene (44.4 mJ/m?),
diiodomethane (50.8 mJ/m?) and water (72.8 mJ/m?) are
commonly used.” However, selecting an appropriate
probing liquid depends on the objective of the study.®
If the purpose was to examine the wettability of silane
coupling agent on a ceramic surface, the respective silane
coupling agent should be used as the probing liquid. In
this study, deionized water was used as a probing liquid
to investigate the differences between the silane-treated
substrate surfaces.

Based on the results obtained in this study, in the
non-etched lithium disilicate group, all silanated surfaces
(G2-5) exhibited significantly larger contact angles than
the control group (G1). This result suggests that application
of silane coupling agents may lower the surface energy
of the substrate. Similar findings were observed in a study
by Della Bona et al.'" which conducted an experiment using
lithium disilicate-based ceramic treated with different
protocols including application of silane coupling agent
before measuring the contact angle. The author explained
that treating the ceramic surface with silane makes the
surface hydrophobic. The hydrophobic property may
reduce hydrolytic degradation of the bond and would
also promote the wetting of adhesive. In his study, 8 %
methacryloxy propyl trimethoxy silane (MPTMS) was used
to treat the ceramic surface. High-performance liquid
chromatography grade water (HPLC water) and liquid
resin of known surface tension were used as the probing
liquid (72.6 mN/m and 39.7 mN/m, respectively). However,
when the silane coupling agent was applied and the liquid
resin was dropped, ‘beads up’ of the liquid resin was
observed on the silanated ceramic surface. The author
explained that for an adhesive to completely wet the
substrate surface, it must be of low viscosity and the

surface tension of the adhesive must be lower than the

critical surface energy of the substrate. Another study by
Farge et al.*® also demonstrated the relationship of surface
energy/tension to its wetting property. The author used
different adhesive systems that differed in the com-position
of the solvent. It was reported that the liquid (solvent) with
lower surface tension had better wettability than ones with
higher surface tension; for example, ethanol (22.4 mN/m)
shown superior wetting property than ethanol-water.

The contact angle shown in the pure silane
groups, RelyX ceramic primer (G4) and experimental silane
(G5), were not significantly different from one another but
were significantly smaller than groups with additives, Kerr
silane primer and Monobond N. Additional components
other than MPS may result in an increase or decrease in
the contact angle. In the current study, silane with addi-
tives produced larger contact angles than ones without
additives. The additives such as extra resins in Kerr silane
primer, which was meant to eliminate the bonding steps
following the priming procedure or the phosphate-
containing and sulfide methacrylate monomers in Mono-
bond N and those were believed to promote chemical
adhesion with various substances, may alter the polarity
of substrate surfaces and/or the surface energy leading to
an increase in contact angle. In a study by Chen et al.,”’
the application of Monobond Plus phosphate-containing
monomer and sulfide monomer on zirconia significantly
increased the contact angle of deionized water when
compared to the unconditioned surface (15.1° to 74.1°).
However, the author believed that incorporating BisGMA
resins to silane coupling agents may reduce the contact
angle formed between deionized water and the silanat-
ed lithium disilicate surface. The author explained that
the extra resins might inhibit the condensation reaction
of silane coupling agent, thus, lowering both the contact
angle and bond strength.

In the hydrofluoric acid-etched lithium disilicate
groups (G6-10), all treatment groups exhibited lower
contact angles than the unetched group, except for Kerr
silane primer group (G7). Generally, the results can be

explained by the effect of acid-etching. Acid-etching
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altered the surface topography of the samples."” The
total surface area and surface energy were increased
in the roughened surfaces allowing them to draw more
medium onto their surface, increasing the wettability of
the substrate. Ramakrishnaiah et al.”" studied the effect
of hydrofluoric acid etching duration on silica-based
ceramic. The study showed that increasing the etching
duration significantly altered the surface topography.
The longer the duration, the rougher the surface. Increasing
etching duration increases surface roughness and
wettability which in turn lowers the contact angle.
However, when Kerr silane primer was applied on the
etched-surfaces, a thin layer of resin was formed on the
substrate’s surface. This layer of resin may have filled the
pits created from the etching process which may have
masked the roughening effect of hydrofluoric acid.

The degree of surface wettability and surface
energy may contribute to the improvement of bond
quality; however, its physical contribution is not the only
factor. Adhesion of dental ceramics to resin based material
is the result of physico-chemical interactions between
the substrate and adhesive.”® A clean and dry surface of
the restoration is a prerequisite to create a proper bond
with the adherend,”®? as surface contamination or surface
impurity can reduce the surface energy of the substrate,”
and thus have a negative effect on the quality of bond.
In a study by Tani et al,” it was proven that a surface
with superior wettability and surface energy might not
be able to provide optimal bond. Therefore, chemical
adhesion also plays an important role in obtaining good
bond quality. As long as the bonding site is clean and
has a sufficient amount of Si-OH site on the ceramic
surface, a reliable bond is achievable.”® Further studies
should investigate the relationship between contact
angles and the shear bond strength of silanated glass
ceramic surfaces.

Although treating the lithium disilicate surfaces
with silane coupling agent may seem to reduce the
wettability of the substrate surface to deionized water,

hydrofluoric acid etching along with silane application
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are proven to be the gold standard treatment protocols

that are crucial to obtain optimal bond.™”'

Conclusions

Within the limitations of this in vitro study, the
following can be concluded:

1. Silane coupling agents significantly reduced the
wettability of deionized water on treated lithium silicate
surfaces.

2. The types of silane coupling agent significantly
influence the degree of wettability.

3. Hydrofluoric acid etching generally significantly
increased the wettability, except for groups that were

treated with resin-containing silane primer.

Acknowledgements
We would like to thank Chulalongkorn Dental

materials R&D center and Oral biology research center
staffs for assisting in preparation of the experimental

silane. Thanks to Lily See for proofreading the article.

References

1. Guess PC, Schultheis S, Bonfante EA, Coelho PG, Ferencz L,
Silva NR. All-ceramic systems: laboratory and clinical performance.
Dent Clin North Am 2011;55(2):333-52.

2. Chadwick B, Treasure E, Dummer P, Dunstan F, Gilmour A, Jones
R, et al. Challenges with studies investigating longevity of dental
restorations--a critique of a systematic review. J Dent 2001;29(3):
155-61.

3. Tian T, Tsoi JK, Matinlinna JP, Burrow MF. Aspects of bonding
between resin luting cements and glass ceramic materials. Dent
Mater 2014;30(7):e147-62.

4. Carvalho RM, Manso AP, Geraldeli S, Tay FR, Pashley DH. Durability
of bonds and clinical success of adhesive restorations. Dent Mater
2012;28(1):72-86.

5. el-Mowafy O. The use of resin cements in restorative dentistry
to overcome retention problems. J Can Dent Assoc 2001;67(2):
97-102.

6. Rosentritt M, Behr M, Lang R, Handel G. Influence of cement
type on the marginal adaptation of all-ceramic MOD inlays.
Dent Mater 2004;20(5):463-9.

7. Albert FE, El-Mowafy OM. Marginal adaptation and microleakage
of Procera AllCeram crowns with four cements. Int J Prosthodont
2004;17(5):529-35.



8. Jensen ME, Sheth JJ, Tolliver D. Etched-porcelain resin-bonded
full-veneer crowns: in vitro fracture resistance. Compendium 1989;
10(6):336-8, 40-1, 44-7.

9. Prochnow C, Venturini AB, Grasel R, Gundel A, Bottino MC, Valandro
LF. Adhesion to a Lithium Disilicate Glass Ceramic Etched with Hydro-
fluoric Acid at Distinct Concentrations. Braz Dent J 2018;29(5):492-9.
10. Ozcan M, Allahbeickaraghi A, Dundar M. Possible hazardous
effects of hydrofluoric acid and recommendations for treatment
approach: a review. Clin Oral Investig 2012;16(1):15-23.

11. Sundfeld Neto D, Naves LZ, Costa AR, Correr AB, Consani S,
Borges GA, et al. The Effect of Hydrofluoric Acid Concentration
on the Bond Strength and Morphology of the Surface and Interface
of Glass Ceramics to a Resin Cement. Oper Dent 2015;40(5):470-9.
12. Sriamporn T, Kraisintu P, See LP, Swasdison S, Klaisiri A,
Thamrongananskul N. Effect of Different Neutralizing Agents on
Feldspathic Porcelain Etched by Hydrofluoric Acid. Eur J Dent
2019;13(1):75-81.

13. Matinlinna JP, Lassila LV, Ozcan M, Yli-Urpo A, Vallittu PK. An
introduction to silanes and their clinical applications in dentistry.
Int J Prosthodont 2004;17(2):155-64.

14. Matinlinna JP, Lung CYK, Tsoi JKH. Silane adhesion mechanism
in dental applications and surface treatments: A review. Dent Mater
2018;34(1):13-28.

15. Lee HY, Han GJ, Chang J, Son HH. Bonding of the silane
containing multi-mode universal adhesive for lithium disilicate
ceramics. Restor Dent Endod 2017;42(2):95-104.

16. Yavuz T, Eraslan O. The effect of silane applied to glass
ceramics on surface structure and bonding strength at different
temperatures. J Adv Prosthodont 2016;8(2):75-84.

17. Della Bona A, Shen C, Anusavice KJ. Work of adhesion of resin on
treated lithia disilicate-based ceramic. Dent Mater 2004;20(4):338-44.
18. Della-Bona A. Characterizing ceramics and the interfacial
adhesion to resin: II- the relationship of surface treatment, bond
strength, interfacial toughness and fractography. J Appl Oral Sci
2005;13(2):101-9.

19. May LG, Passos SP, Capelli DB, Ozcan M, Bottino MA, Valandro
LF. Effect of silica coating combined to a MDP-based primer on
the resin bond to Y-TZP ceramic. J Biomed Mater Res B Appl
Biomater 2010;95(1):69-74.

20. de Carvalho RF, Cotes C, Kimpara ET, Leite FP, Ozcan M. Heat
treatment of pre-hydrolyzed silane increases adhesion of phosphate
monomer-based resin cement to glass ceramic. Braz Dent J 2015;
26(1):44-9.

21. Ramakrishnaiah R, Alkheraif AA, Divakar DD, Matinlinna JP,
Vallittu PK. The Effect of Hydrofluoric Acid Etching Duration on
the Surface Micromorphology, Roughness, and Wettability of
Dental Ceramics. Int J Mol Sci 2016;17(6):822.

22. Swank HM, Motyka NC, Bailey CW, Vandewalle KS. Bond
strength of resin cement to ceramic with simplified primers and
pretreatment solutions. Gen Dent 2018;66(5):33-7.

23. Huhtamaki T, Tian X, Korhonen J, Ras R. Surface-wetting
characterization using contact-angle measurements. Nat Protoc
2018;13:1521-38.

24. Della Bona A, Borba M, Benetti P, Pecho OE, Alessandretti R,
Mosele JC, et al. Adhesion to Dental Ceramics. Curr Oral Health
Rep 2014;1(4):232-8.

25. Van Oss CJ, Giese RF, Wu W. On the Predominant Electron-
Donicity of Polar Solid Surfaces. J Adhesion 1997;63(1-3):71-88.
26. Farge P, Alderete L, Ramos SM. Dentin wetting by three
adhesive systems: influence of etching time, temperature and
relative humidity. J Dent 2010;38(9):698-706.

27. Chen L, Shen H, Suh BI. Effect of incorporating BisGMA resin
on the bonding properties of silane and zirconia primers. J Prosthet
Dent 2013;110(5):402-7.

28. Zakir M, Ashraf U, Tian T, Han A, Qiao W, Jin X, et al. The Role
of Silane Coupling Agents and Universal Primers in Durable Adhesion
to Dental Restorative Materials - a Review. Curr Oral Health Rep
2016;3(3):244-53.

29. Tani C, Manabe A, Itoh K, Hisamitsu H, Wakumoto S. Contact
angle of dentin bonding agents on the dentin surface. Dent
Mater J 1996;15(1):39-44.

30. Murillo-Gomez F, Goes MFD. Effect of Different Silane Treat-
ments on Long-Term Bonding Between Non-Etched Glass-Ce-
ramic and Resin Cement. Odovtos-Int J Dent Sc 2017;19:33-46.
31. Nagai T, Kawamoto Y, Kakehashi Y, Matsumura H. Adhesive
bonding of a lithium disilicate ceramic material with resin-based

luting agents. J Oral Rehabil 2005;32(8):598-605.

Tarateeraseth et al., 2020 157



UNINYINIS

Svn%wasuawﬁg HAZAUNUIVDILAALANLSTUTINNADANULTILSINUS LU INITEAU
ganafidneiloily

Influence of Type and Thickness of CAD-CAM Resin Ceramic on Micro-tensile
Bond Strength to Dentin

Aagen Aarwedgns’, aal duidretiug’, Asdua A3adan’
Seelassaya Leelaponglit!, Yanee Tantilertanant’, Sirivimol Srisawasdi’
'edvviuanssuinonis augiuaimeaans puasnsaiunivende nsamamuas Ussnalie

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

% ]

UNANgd

miﬁﬂmﬁﬁﬁ’mqﬂssaaﬁl,ﬁaﬁﬂmmasuawﬁm LazANLMUTiRsiuTeAnLANITU TN dern T sussiuse
usaeszFugana Weltlsdudwudvlnudasneufizoneiisniuia unsfnuluresl fifing neliftunsudesves
uywdiignasussninud Winulndufu viedulndduiiin uazdaidou $1uau 108 8 wlnduuuudy $1uau 9 ngw Bafin
fuwpauALLsTLESITn 3 naasua fe lwWudonowd [Shofu block HC® (SHOFU, Japan)] 3dn8undin [Vita Enamic® (VITA,
Germany)] kaglw31au13n [Cerasmart® (GC, USA)] Ineusazndnsinmiazlidanuuinuseuna 4 x 4 Tadwns wagiadnuvun
2 3 uay 4 feduns BadntuieilufearsBafin afesduoudeiinessen [Scotchbond Universal® (3M ESPE, USA)] wuy
Ieaend walsTuTILUAslandoamun wonsdw 1STUTUA [RelyX™ Ultimate Adhesive Resin Cement® (3M ESPE,
USA)] wazasuas 40 Funit udsandiunszuiunsdiassnsliauluresn sheniesmuauanmgiifouduiuions
10,000 50U wistunagpUlFiuAUsEINN 1 x 1 faflns aunauvesTanTifinnnuvn 2 3 uag 4 Tadwns wlunedey
il ussiuszusIRasEiuIana Ainzinansainlaivunsdulivddyifosas 95 WisuifisuAtadsesn
AT useuszUsaRasE A UaNIATETIANANAIENTIATIZRABILUSUTILAB A LASVIAGOUANLLANANITENIAAIRAY
shemsiisuiiisuidedeuriingad :nnnsmaasunuin mmmnveauausTuTEinAuansaiulifinaserndsniy
LL%@LLﬁqﬁuﬁxLLﬁaﬁﬁsé’Uﬁ;ammaamemeﬁ%umwﬁﬂﬁ’mﬁaﬁu (o = 0.203) luvauziivdiovesuAnuAusBuUs TnTiuaneiu
ﬁqma’Lﬁﬂ'wLaﬁ&JmmmLL%@LLﬁqﬁuﬁzLLsaﬁnssﬁm;amﬂsummemeﬁuwﬂﬁﬂﬁmﬂf@ﬁu frunnsinsiuegeiitdydAgmieata
(p = 0.032) Wnawsaunvlidianuuandsegfideddgynaifiulsudenesd wagiddundn (o = 0.195 uaz 0.653
muddv) uslsrudoniond wazdsdundindianuwansnsiuegadded fyvneadd (o = 0.027) melddediinvesnsiinm
ﬁv‘iﬂﬁagﬂiﬁdﬂ mumuvesLAnLANs LT EnlifinateAAuusussusesziugana Tuvaziviinueunnuay

o w

s dniinaroauudusiusyusiaseauganaegitud Ay eads

ANEARY: ANUMWITDITAR, ANLDISITUSEUIIRITEAUTANTA, LARKANLTUYIEN

158 J DENT ASSOC THAI Vol.70 No.2 April - June 2020



Abstract

The aim of this in vitro study was to evaluate the effect of types and thickness of CAD-CAM resin ceramic
on micro-tensile bond strength when using dual-cured resin cement. Flat buccal or lingual surface of 108 extracted
healthy human premolars were randomly allocated into 9 groups. Three CAD-CAM resin ceramics Shofu block HC®
(SHOFU, Japan), Vita Enamic® (VITA, Germany) and Cerasmart® (GC, USA) were prepared into an approximate size of
4 x & mm’, with different thickness of 2, 3 or 4 mm, and bonded to dentin using Scotchbond Universal® (3M ESPE,
USA) and RelyX™ Ultimate Adhesive Resin Cement® (3M ESPE, USA). After 10,000 cycles of thermocycling, specimens
were sectioned into an approximate size of 1 x 1 mm?” with different thickness of 2, 3 or 4 mm for micro-tensile
bond testing. Data was analyzed using a two-way ANOVA and Tukey’s post hoc test, and level of confidence was set
at 95 %. Considering within the same type of CAD-CAM resin ceramic, micro-tensile bond strength between CAD-CAM
resin ceramic and dentin showed no significant difference among all groups of various thicknesses (p = 0.203). However,
types of CAD-CAM resin ceramic had a significant effect on the micro-tensile bond strength to bonded dentin (p = 0.032).
Cerasmart® showed no significant difference from Shofu block HC® and Vita Enamic® (p = 0.195 and 0.653 respectively),
whereas Shofu block HC® was significantly different from Vita Enamic® (p = 0.027). Within the limitation of this study,
we concluded that the thickness of resin ceramics may not influence micro-tensile bond strength, while the types of

resin ceramics significantly showed more impact on micro-tensile bond strength.

Keywords: CAD-CAM resin ceramic, Material thickness, Micro-tensile bond strength
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Figure 1 Sample preparation: CAD-CAM resin ceramic was sectioned into size 4 x 4 x (thickness) mm’ and cemented with Scotchbond
Universal® (3M ESPE, USA) adhesive and RelyX™ Ultimate Adhesive Resin Cement® (3M ESPE, U.S.A). After 10,000 cycles of

thermocycling, sample was sectioned into size 1 x 1 x (thickness) mm’®
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A152971 1 ANRAEAIIULTIUTIIISUTIFIsEAUgAN INYIUARUASTUTSITNIN 3 HERAUITTeAUATINM 2 3 Uay 4 dadluims
Table 1 Mean + SD of micro-tensile bond strength value in each group of 3 CAD-CAM resin ceramic at thickness 2, 3 and 4 mm

Mean+SD of micro-tensile bond strength value (MPa)

CAD-CAM resin ceramic Thickness 2 mm Thickness 3 mm Thickness 4 mm Mean+SD of each material

Shofu block HC® 21.72+3.80* 18.7445.45% 18.49+3.81%° 19.65+4.54"

Vita Enamic® 20.32+4.46™ 23.08+2.29™ 24.0343.31%° 22.48+3.73°

Cerasmart® 20.62+4.53* 19.5546.95 24.4244.96%° 21.53+4.95°
7//1/75147/7@:

m“va”nwiv“vzlw”lmy'ﬁtwﬂaurz”u?uﬂaa"inﬂﬁwﬁ’u uanatludnamuuene e Nihisa Ay Naas
sasnwsiuianiiilounuluuoudeaiu uaneirluilnamunnniueg wiiea e gynivans

Remark:

Group with the same uppercase letter in each column are not statistically different (p > 0.05)

Group with the same lowercase letter in each row are not statistically different (p > 0.05)

AN 2 DINIUTUIUTUININADUNITNINGOU

Table 2 Amount of pretest failure sample

Thickness of Shofu block HC® Thickness of Vita Enamic® Thickness of Cerasmart®
2 mm 3 mm 4 mm 2 mm 3 mm 4 mm 2 mm 3 mm 4 mm
Dislodge 1 2 3 2 1 - - 1 3 a4
piece/ 1 tooth
Dislodge 2 - - 2 - - - - - 1

pieces/1 tooth

100%

T0%

50%

30%

20%

10%

Shofu block HC \ita enamic Cerasmart

B Adhesive failure mode M Cohesive failure mode B Mix

Uil 2 nsmuamsdssanmsuandniidandavestus i in ngeunIAIm LTS SR sEAUgan AlauUIngun 1 TnYe T Tan
Figure 2 Graph of failure type of fracture surfaces from micro-tensile bond strength test
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