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Aims and Scopes

Turkish Journal of Orthodontics (Turk J Orthod) is an international, scientific, open access periodical published in
accordance with independent, unbiased, and double-blinded peer-review principles. The journal is the official
publication of Turkish Orthodontic Society and it is published quarterly on March, June, September and December.

Turkish Journal of Orthodontics publishes clinical and experimental studies on on all aspects of orthodontics including
craniofacial development and growth, reviews on current topics, case reports, editorial comments and letters to the
editor that are prepared in accordance with the ethical guidelines. The journal’s publication language is English and
the Editorial Board encourages submissions from international authors.

Journal’s target audience includes academicians, specialists, residents, and general practitioners working in the fields
of orthodontics, dentistry, medicine and other related fields.

Turkish Journal of Orthodontics is currently indexed in PubMed Central, Web of Science-Emerging Sources Citation
Index and TUBITAK ULAKBIM TR Index. The journal has been recently accepted for inclusion in Scopus.

The editorial and publication processes of the journal are shaped in accordance with the guidelines of the International
Committee of Medical Journal Editors (ICMJE), World Association of Medical Editors (WAME), Council of Science
Editors (CSE), Committee on Publication Ethics (COPE), European Association of Science Editors (EASE), and National
Information Standards Organization (NISO). The journal is in conformity with the Principles of Transparency and Best
Practice in Scholarly Publishing (doaj.org/bestpractice).

Processing and publication are free of charge with the journal. No fees are requested from the authors at any point
throughout the evaluation and publication process. All manuscripts must be submitted via the online submission
system, which is available at turkjorthod.org. The journal guidelines, technical information, and the required forms are
available on the journal’s web page.

All expenses of the journal are covered by the Turkish Orthodontic Society.

Statements or opinions expressed in the manuscripts published in the journal reflect the views of the author(s) and
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Instructions to Authors

Turkish Journal of Orthodontics (Turk J Orthod) is an international,
scientific, open access periodical published in accordance with inde-
pendent, unbiased, and double-blinded peer-review principles. The
journal is the official publication of Turkish Orthodontic Society and
it is published quarterly on March, June, September and December.

Turkish Journal of Orthodontics publishes clinical and experimen-
tal studies on on all aspects of orthodontics including craniofacial
development and growth, reviews on current topics, case reports,
editorial comments and letters to the editor that are prepared in ac-
cordance with the ethical guidelines. The journal’s publication lan-
guage is English and the Editorial Board encourages submissions
from international authors.

The editorial and publication processes of the journal are shaped in
accordance with the guidelines of the International Council of Med-
ical Journal Editors (ICMJE), the World Association of Medical Edi-
tors (WAME), the Council of Science Editors (CSE), the Committee
on Publication Ethics (COPE), the European Association of Science
Editors (EASE), and National Information Standards Organization
(NISO). The journal conforms to the Principles of Transparency and
Best Practice in Scholarly Publishing (doaj.org/bestpractice).

Originality, high scientific quality, and citation potential are the most
important criteria for a manuscript to be accepted for publication.
Manuscripts submitted for evaluation should not have been previ-
ously presented or already published in an electronic or printed me-
dium.The journal should be informed of manuscripts that have been
submitted to another journal for evaluation and rejected for publi-
cation. The submission of previous reviewer reports will expedite
the evaluation process. Manuscripts that have been presented in a
meeting should be submitted with detailed information on the orga-
nization, including the name, date, and location of the organization.

Manuscripts submitted to Turkish Journal of Orthodontics will go
through a double-blind peer-review process. Each submission will
be reviewed by at least two external, independent peer reviewers
who are experts in their fields in order to ensure an unbiased eval-
uation process. The editorial board will invite an external and inde-
pendent editor to manage the evaluation processes of manuscripts
submitted by editors or by the editorial board members of the jour-
nal. The Editor in Chief is the final authority in the decision-making
process for all submissions.

An approval of research protocols by the Ethics Committee in ac-
cordance with international agreements (World Medical Associa-
tion Declaration of Helsinki “Ethical Principles for Medical Research
Involving Human Subjects,"amended in October 2013, www.wma.
net) is required for experimental, clinical, and drug studies and
for some case reports. If required, ethics committee reports or an
equivalent official document will be requested from the authors.
For photographs that may reveal the identity of the patients, re-
leases signed by the patient or their legal representative should be
enclosed.

For manuscripts concerning experimental research on humans, a
statement should be included that shows that written informed
consent of patients and volunteers was obtained following a de-
tailed explanation of the procedures that they may undergo. For
studies carried out on animals, the measures taken to prevent pain
and suffering of the animals should be stated clearly. Information
on patient consent, the name of the ethics committee, and the
ethics committee approval number should also be stated in the
Materials and Methods section of the manuscript. It is the authors’
responsibility to carefully protect the patients’anonymity. For pho-
tographs that may reveal the identity of the patients, signed releas-
es of the patient or of their legal representative should be enclosed.

All submissions are screened by a similarity detection software
(iThenticate by CrossCheck).

In the event of alleged or suspected research misconduct, e.g., plagia-
rism, citation manipulation, and data falsification/fabrication, the Ed-
itorial Board will follow and act in accordance with COPE guidelines.

Each individual listed as an author should fulfill the authorship
criteria recommended by the International Committee of Medical
Journal Editors

(ICMJE - www.icmje.org). The ICMJE recommends that authorship

be based on the following 4 criteria:

1. Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data for
the work; AND

2. Drafting the work or revising it critically for important intellec-
tual content; AND

3. Final approval of the version to be published; AND

4. Agreement to be accountable for all aspects of the work in en-
suring that questions related to the accuracy or integrity of any
part of the work are appropriately investigated and resolved.

In addition to being accountable for the parts of the work he/she has
done, an author should be able to identify which co-authors are respon-
sible for specific other parts of the work. In addition, authors should
have confidence in the integrity of the contributions of their co-authors.

All those designated as authors should meet all four criteria for au-
thorship, and all who meet the four criteria should be identified as
authors. Those who do not meet all four criteria should be acknowl-
edged in the title page of the manuscript.

Turkish Journal of Orthodontics requires corresponding authors to
submit a signed and scanned version of the authorship contribu-
tion form (available for download through turkjorthod.org) during
the initial submission process in order to act appropriately on au-
thorship rights and to prevent ghost or honorary authorship. If the
editorial board suspects a case of “gift authorship,” the submission
will be rejected without further review. As part of the submission
of the manuscript, the corresponding author should also send a
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short statement declaring that he/she accepts to undertake all the
responsibility for authorship during the submission and review
stages of the manuscript.

Turkish Journal of Orthodontics requires and encourages the au-
thors and the individuals involved in the evaluation process of sub-
mitted manuscripts to disclose any existing or potential conflicts
of interests, including financial, consultant, and institutional, that
might lead to potential bias or a conflict of interest. Any financial
grants or other support received for a submitted study from indi-
viduals or institutions should be disclosed to the Editorial Board. To
disclose a potential conflict of interest, the ICMJE Potential Conflict
of Interest Disclosure Form should be filled in and submitted by all
contributing authors. Cases of a potential conflict of interest of the
editors, authors, or reviewers are resolved by the journal’s Editorial
Board within the scope of COPE and ICMJE guidelines.

The Editorial Board of the journal handles all appeal and complaint
cases within the scope of COPE guidelines. In such cases, authors
should get in direct contact with the editorial office regarding their
appeals and complaints. When needed, an ombudsperson may be
assigned to resolve cases that cannot be resolved internally. The Ed-
itor in Chief is the final authority in the decision-making process for
all appeals and complaints.

When submitting a manuscript to Turkish Journal of Orthodontics,
authors accept to assign the copyright of their manuscript to Turk-
ish Orthodontic Society. If rejected for publication, the copyright of
the manuscript will be assigned back to the authors. Turkish Journal
of Orthodontics requires each submission to be accompanied by a
Copyright Transfer Form (available for download at turkjorthod.org).
When using previously published content, including figures, tables,
or any other material in both print and electronic formats, authors
must obtain permission from the copyright holder. Legal, financial
and criminal liabilities in this regard belong to the author(s).

Statements or opinions expressed in the manuscripts published in
Turkish Journal of Orthodontics reflect the views of the author(s)
and not the opinions of the editors, the editorial board, or the pub-
lisher; the editors, the editorial board, and the publisher disclaim
any responsibility or liability for such materials. The final responsi-
bility in regard to the published content rests with the authors.

MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with ICMJE-Rec-
ommendations for the Conduct, Reporting, Editing, and Publication
of Scholarly Work in Medical Journals (updated in December 2017
- http://www.icmje.org/icmje-recommendations.pdf). Authors are
required to prepare manuscripts in accordance with the CONSORT
guidelines for randomized research studies, STROBE guidelines for
observational original research studies, STARD guidelines for studies
on diagnostic accuracy, PRISMA guidelines for systematic reviews
and meta-analysis, ARRIVE guidelines for experimental animal stud-
ies, and TREND guidelines for non-randomized public behavior.

Manuscripts can only be submitted through the journal’s on-
line manuscript submission and evaluation system, available at
turkjorthod.org. Manuscripts submitted via any other medium will
not be evaluated.

Manuscripts submitted to the journal will first go through a tech-
nical evaluation process where the editorial office staff will ensure
that the manuscript has been prepared and submitted in accor-
dance with the journal’s guidelines. Submissions that do not con-
form to the journal’s guidelines will be returned to the submitting
author with technical correction requests.

Language

Submissions that do not meet the journal's language criteria may
be returned to the authors for professional language editing. Au-
thors whose manuscripts are returned due to the language inade-
quacy must resubmit their edited papers along with the language
editing certificate to verify the quality. Editing services are paid for
and arranged by authors, and the use of an editing service does not
guarantee acceptance for publication.

Authors are required to submit the following:
- Copyright Transfer Form,
+ Author Contributions Form, and
+ ICMJE Potential Conflict of Interest Disclosure Form (should
be filled in by all contributing authors)

during the initial submission. These forms are available for down-
load at turkjorthod.org.

Preparation of the Manuscript
Title page: A separate title page should be submitted with all sub-
missions and this page should include:

« Thefull title of the manuscript as well as a short title (running
head) of no more than 50 characters,

- Name(s), affiliations, and highest academic degree(s) of the
author(s),

+ Grant information and detailed information on the other
sources of support,

+ Name, address, telephone (including the mobile phone
number) and fax numbers, and email address of the corre-
sponding author,

« Acknowledgment of the individuals who contributed to the
preparation of the manuscript but who do not fulfill the au-
thorship criteria.

Abstract: An abstract should be submitted with all submissions ex-
cept for Letters to the Editor. The abstract of Original Articles should
be structured with subheadings (Objective, Methods, Results, and
Conclusion). Please check Table 1 below for word count specifications.
Keywords: Each submission must be accompanied by a minimum
of three to a maximum of six keywords for subject indexing at the
end of the abstract. The keywords should be listed in full without
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abbreviations. The keywords should be selected from the National
Library of Medicine, Medical Subject Headings database (https://
www.nIm.nih.gov/mesh/MBrowser.html).

Manuscript Types

Original Articles: This is the most important type of article since it
provides new information based on original research. The main text
of original articles should be structured with Introduction, Meth-
ods, Results, Discussion, and Conclusion subheadings. Please check
Table 1 for the limitations for Original Articles.

Statistical analysis to support conclusions is usually necessary. Sta-
tistical analyses must be conducted in accordance with internation-
al statistical reporting standards (Altman DG, Gore SM, Gardner MJ,
Pocock SJ. Statistical guidelines for contributors to medical jour-
nals. Br Med J 1983: 7; 1489-93). Information on statistical analyses
should be provided with a separate subheading under the Materi-
als and Methods section and the statistical software that was used
during the process must be specified.

Units should be prepared in accordance with the International Sys-
tem of Units (SI).

Editorial Comments: Editorial comments aim to provide a brief
critical commentary by reviewers with expertise or with high rep-
utation in the topic of the research article published in the journal.
Authors are selected and invited by the journal to provide such
comments. Abstract, Keywords, and Tables, Figures, Images, and
other media are not included.

Review Articles: Reviews prepared by authors who have extensive
knowledge on a particular field and whose scientific background
has been translated into a high volume of publications with a high
citation potential are welcomed. These authors may even be invited
by the journal. Reviews should describe, discuss, and evaluate the
current level of knowledge of a topic in clinical practice and should
guide future studies. The main text should contain Introduction,
Clinical and Research Consequences, and Conclusion sections.
Please check Table 1 for the limitations for Review Articles.

Case Reports: There is limited space for case reports in the journal
and reports on rare cases or conditions that constitute challenges in
diagnosis and treatment, those offering new therapies or revealing
knowledge not included in the literature, and interesting and educa-
tive case reports are accepted for publication. The text should include
Introduction, Case Presentation, Discussion, and Conclusion sub-
headings. Please check Table 1 for the limitations for Case Reports.

Letters to the Editor: This type of manuscript discusses important
parts, overlooked aspects, or lacking parts of a previously published
article. Articles on subjects within the scope of the journal that
might attract the readers’ attention, particularly educative cases,
may also be submitted in the form of a“Letter to the Editor”’Readers
can also present their comments on the published manuscripts in
the form of a “Letter to the Editor” Abstract, Keywords, and Tables,

Figures, Images, and other media should not be included. The text
should be unstructured. The manuscript that is being commented
on must be properly cited within this manuscript.

Table 1. Limitations for each manuscript type

ORIGINAL 4500 250 7 ortotal of
ARTICLE (Structured) 15images

REVIEW 5000 250 10ortotal
ARTICLE of 20images

CASE No tables 10 ortotal

REPORT of 20images

LETTERTO 500 No abstract Notables No media
THEEDITOR

Tables

Tables should be included in the main document, presented after
the reference list, and they should be numbered consecutively in
the order they are referred to within the main text. A descriptive title
must be placed above the tables. Abbreviations used in the tables
should be defined below the tables by footnotes (even if they are
defined within the main text). Tables should be created using the
“insert table” command of the word processing software and they
should be arranged clearly to provide easy reading. Data presented
in the tables should not be a repetition of the data presented within
the main text but should be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as sepa-
rate files (in TIFF or JPEG format) through the submission system.
The files should not be embedded in a Word document or the main
document. When there are figure subunits, the subunits should not
be merged to form a single image. Each subunit should be submit-
ted separately through the submission system. Images should not
be labeled (a, b, ¢, etc.) to indicate figure subunits. Thick and thin
arrows, arrowheads, stars, asterisks, and similar marks can be used
on the images to support figure legends. Like the rest of the sub-
mission, the figures too should be blind. Any information within
the images that may indicate an individual or institution should be
blinded. The minimum resolution of each submitted figure should
be 300 DPI. To prevent delays in the evaluation process, all submit-
ted figures should be clear in resolution and large in size (minimum
dimensions: 100 x 100 mm). Figure legends should be listed at the
end of the main document.

Where necessary, authors should Identify teeth using the full name
of the tooth or the FDI annotation.

All acronyms and abbreviations used in the manuscript should be
defined at first use, both in the abstract and in the main text. The
abbreviation should be provided in parentheses following the defi-
nition.
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When a drug, product, hardware, or software program is men-
tioned within the main text, product information, including the
name of the product, the producer of the product, and city and the
country of the company (including the state if in USA), should be
provided in parentheses in the following format: “Discovery St PET/
CT scanner (General Electric, Milwaukee, WI, USA)”

All references, tables, and figures should be referred to within the
main text, and they should be numbered consecutively in the order
they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original articles
should be mentioned in the Discussion section before the conclu-
sion paragraph.

References

While citing publications, preference should be given to the latest,
most up-to-date publications. If an ahead-of-print publication is cit-
ed, the DOI number should be provided. Authors are responsible
for the accuracy of references. Journal titles should be abbreviat-
ed in accordance with the journal abbreviations in Index Medicus/
MEDLINE/PubMed. When there are six or fewer authors, all authors
should be listed. If there are seven or more authors, the first six
authors should be listed followed by “et al” In the main text of the
manuscript, references should be cited using Arabic numbers in
parentheses. The reference styles for different types of publications
are presented in the following examples.

Journal Article: Rankovic A, Rancic N, Jovanovic M, lvanovi¢ M, Ga-
jovi¢ O, Lazi¢ Z, et al. Impact of imaging diagnostics on the budget
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Book Section: Suh KN, Keystone JS. Malaria and babesiosis. Gor-
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Books with a Single Author: Sweetman SC. Martindale the Com-
plete Drug Reference. 34th ed. London: Pharmaceutical Press; 2005.
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ment of data protection, privacy and security in medical infor-
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MEDINFO 92. Proceedings of the 7th World Congress on Medical
Informatics; 1992 Sept 6-10; Geneva, Switzerland. Amsterdam:
North-Holland; 1992. pp.1561-5.

Scientific or Technical Report: Cusick M, Chew EY, Hoogwerf B,
Agrén E,Wu L, Lindley A, et al. Early Treatment Diabetic Retinopathy
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the Early Treatment Diabetic Retinopathy Study (ETDRS), Early Treat-
ment Diabetic Retinopathy Study Kidney Int: 2004. Report No: 26.
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J. The microflora of black stain on human primary teeth. Scand J
Dent Res. 1974.
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erts JP, Wang ZJ. Adult living donor liver imaging. Diagn Interv Radi-
ol. 2016 Feb 24. doi: 10.5152/dir.2016.15323. [Epub ahead of print].

Manuscripts Published in Electronic Format: Morse SS. Factors
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Original Article

Comparison of the Changes Following Two Treatment
Approaches: Rapid Maxillary Expansion Versus
Alternate Rapid Maxillary Expansion and Constriction

Fatih Celebi' €2, Murat Celikdelen?

'Department of Orthodontics, Tokat Gaziosmanpasa University School of Dentistry, Tokat, Turkey
“Private Practice, Tokat, Turkey

Cite this article as: Celebi F, Celikdelen M. Comparison of the Changes Following Two Treatment Approaches: Rapid Maxillary Expansion Versus Alter-
nate Rapid Maxillary Expansion and Constriction. Turk J Orthod 2020; 33(1): 1-7.

ABSTRACT

Objective: The aim of the present study was to evaluate the hard and soft tissue changes following rapid maxillary expansion (RME)
and alternate rapid maxillary expansion and constriction (Alt-RAMEC) therapies.

Methods: A total of 54 patients who needed maxillary expansion or Alt-RAMEC procedure were recruited and divided into two groups
(27 subjects in the RME group and 27 subjects in the Alt-RAMEC group). Expansion screw was activated 0.5 mm/day (2 turns/day) in
the RME group. Approximately 11 mm of expansion was achieved. In the Alt-RAMEC group, the screw was activated 1 mm/day (4
turns/day) during a period of 4 weeks. In the first and third weeks, the screw was opened; in the second and fourth weeks, the screw
was closed. Cephalometric tracing and analyzing were done with the aid of digital software. Lateral cephalometric radiographs were
obtained before (T0) and after (T1) RME and Alt-RAMEC applications.

Results: In the RME group, the maxilla moved forward and downward. Upper incisor retrusion was observed according to the refer-
ence planes. In addition, the tip of the nose moved forward, and the upper lip moved downward. In the Alt-RAMEC group, the naso-
labial angle became more obtuse, and the stomion superius moved backward and downward.

Conclusion: RME therapy resulted in skeletal and dental changes in the maxilla and related structures, favoring a contribution to
solving Class Ill problems. No remarkable changes were recorded in the Alt-RAMEC group.

Keywords: RME, Alt-RAMEC, Class Il

INTRODUCTION

Rapid maxillary expansion (RME) is a traditional method for correcting transverse maxillary deficiency. Although
its popularity has changed over time, RME has become a fundamental part of dentofacial orthopedics in modern
orthodontics. The maxilla is subjected to heavy forces that can create orthopedic effect, and transverse deficien-
cy problem is solved by separating the maxillary halves. The qualification of the obtained effect varies according
to several factors, such as the maturational stage, appliance design, and treatment protocol.

In addition to the treatment of transverse deficiency, RME has been recommended for Class lll patients in com-
bination with face mask therapy. The rationale behind this combined treatment is that it disarticulates circum-
maxillary and intermaxillary sutures, which facilitates maxillary protraction (1, 2). Because the maxilla is loosened
from the craniofacial complex, the orthopedic traction of a face mask can be more efficient than that of a face
mask therapy alone. Although the amount of advancement varies in different studies, it has been demonstrated
that 1.5-3 mm maxillary advancement could be achieved with RME-face mask therapy (3, 4).
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When there is no transverse maxillary deficiency, the degree
of expansion is a controversial issue in the literature. Alcan et
al. (5) expanded the maxilla for 5 days with a 2 turns/day pro-
tocol before protraction. Other authors have also reported that
the duration of expansion must be limited to 7-10 days (4, 6, 7).
However, Haas (8) advocated that at least 12-15 mm expansion
must be achieved for the disarticulation of the circummaxillary
and intermaxillary sutures before face mask therapy. It is appar-
ent that if there is no transverse deficiency, 12-15 mm expansion
for disarticulation is too much with respect to the correction by
the compensation mechanism.

In 2005, Liou (9) introduced a new method called alternate RMEs
and constrictions (Alt-RAMEC). In this method, the maxilla is ex-
panded 1T mm/day for the first week and then constricted 1 mm/
day for the following week with the aid of a two-hinged expander.
This protocol is repeated for 7-9 weeks (9-11). It was advocated
that the Alt-RAMEC procedure is a better option than RME. While
the maxilla is moved forward approximately 1.5-3 mm with RME-
face mask treatment (3,4), Liou and Tsai (9) showed that a 5.8 mm
maxillary advancement can be achieved at the level of A point by
maxillary protraction combined with Alt-RAMEC. In the study by
Iscietal. (12), 2.33 mm of maxillary movement was obtained in the
RME group, and 4.13 mm of anterior movement was achieved in
the Alt-RAMEC group, with an approximately two-fold movement.

Many researchers have investigated the effects of RME on den-
tofacial structure, but there are conflicting results with respect
to sagittal and vertical changes at the maxilla. Chung and Font
stated that maxillary forward and downward movements are
induced by expansion. Additionally, the mandible moved down-
ward and backward, and the anterior facial height increased (13).
Baratieri et al. (14) studied dental and skeletal changes due to
RME in Class Il, Division 1 patients and reported immediat max-
illary forward movement after therapy. However, in a systematic
review, Lagravere et al. (15) investigated the long-term skele-
tal changes in patients undergoing RME therapy and conclud-
ed that RME does not produce significant sagittal and vertical
changes at the position of the maxilla. Da Silva Filho et al. (16)
researched the short-term results for RME and noted no signifi-
cant anterior displacement of the maxilla.

Since Alt-RAMEC is a relatively new method, the studies are lim-
ited. There are even fewer articles available on the use of Alt-RA-
MEC in addition to face mask therapy. Yilmaz and Kucukkeles
(17) investigated skeletal, soft tissue, and airway changes follow-
ing Alt-RAMEC protocol. They concluded that a slight forward
(0.89+£0.93 mm) and downward (0.92+1.62 mm) movement of
the maxilla occurred following the Alt-RAMEC procedure. A slight
improvement of the overjet was recorded in all Class Il subjects.

Researches in this area were generally focused on the total out-
comes of combined therapy (Alt-RAMEC or RME-face mask), and
the effects of the second part of the combined therapy (Alt-RA-
MEC or RME) were neglected. The increased effectiveness of
combined therapy (Alt-RAMEC or RME-face mask) in compari-
son with single therapy (face mask) can be attributed to sutural
mobilization or the direct skeletal effects of the second part of

therapy (Alt-RAMEC or RME). This must be clarified. The aims of
the present study were to evaluate and compare the hard and
soft tissue changes following RME and Alt-RAMEC.

METHODS

This prospective study was reviewed and approved by the Clini-
cal Research Ethics Committee of the Tokat Gaziosmanpasa Uni-
versity. A total of 54 patients who needed transverse maxillary
expansion or an Alt-RAMEC procedure, according to the treat-
ment plan, were recruited in the study. The patients were divided
into two groups: 27 subjects in the RME group and 27 subjects in
the Alt-RAMEC group. For both groups, tooth- and tissue-borne
rapid maxillary expanders were used (Figure 1).

The RME group consisted of 18 female and 9 male subjects.
The mean age of the RME group was 12.5+1.9 years. Expansion
screws were activated 0.5 mm/day (2 turns/day). The average ex-
pansion at the screw level was 11 mm.

The Alt-RAMEC group consisted of 17 female and 10 male sub-
jects. The mean age of the Alt-RAMEC group was 12.8+1.6 years.
Parents were instructed to activate the screw 1 mm/day (4 turns/
day). In the first and third weeks, the screw was opened; in the
second and fourth weeks, the screw was closed. At the end of the
4-week Alt-RAMEC procedure, the clinician controlled whether
or not the screw was at a closed position. Subjects who did not
achieve screw activation were excluded from the study.

Lateral cephalometric radiographs were obtained before (TO)
and after (T1) RME and Alt-RAMEC applications. After complet-
ing the RME and AIt-RAMEC applications, orthodontic treat-
ments were continued in accordance with the predetermined
treatment plan. Informed consent was obtained from the par-
ents of the participants.

Cephalometric Analysis
Cephalograms were traced and analyzed with the aid of the Dolphin
software (ver. 11.5; Dolphin Imaging and Management Solutions,

Figure 1. Expansion appliance used in the study
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Figure 2. Cephalometric landmarks

Sella (S): Center of the pituitary fossa. Nasion (N): The most anterior point of the
frontonasal suture in the median plane. Point A (A): Deepest point on the curve
of the maxilla between the anterior nasal spine and supradentale. Anterior
nasal spine (ANS): Tip of the anterior nasal spine. Posterior nasal spine (PNS):

Tip of the posterior nasal spine. Point T (T): Most superior point of the anterior
wall of the sella turcica at the junction of the tuberculum sellae. U1Tip: Tip of
the upper central teeth. UTRoot: Root of the upper central teeth. Subnasale
(Sn): Base of the columella that meets the upper lip. Labrale superior (Ls):
Vermillion border of the upper lip in the midsagittal plane. Stomion superius
(Stms): Lowest midline point of the upper lip

Chatsworth, CA, USA) by the same operator. Lateral cephalomet-
ric radiographs were obtained before (T0) and after (T1) RME and
Alt-RAMEC applications. Hard and soft tissue landmarks belonging
to the mandible were not used in the present study. The cephalo-
metric landmarks utilized in the present study are shown in Figure 2.

Horizontal and vertical basic reference planes that were utilized

for measurements were the following (Figure 2):

1. Stable basicranial line (SBL): horizontal line that passes
through the most superior point of the anterior wall of the
sella turcica at the junction with the tuberculum sellae (point
T), and it is tangent to the lamina cribrosa of the ethmoid. It
was stated that these structures are stable in the rest of life
after from the age of 4-5 years (18).

2. Vertical T (VertT):aline passing through point T and perpen-
dicular to SBL.

The other measurements used in the present study were the following:

1. SNA angle: angle constructed by the intersection of the na-
sion-sella and nasion-point A lines

2. SBL-PP angle: angle constructed by the intersection of the
stable basicranial line and the palatal plane

3. U1-PPangle:angle constructed by the intersection of the long
axis of the maxillary central incisor and the palatal plane

4. U1-SBL angle: angle constructed by the intersection of the
long axis of the maxillary central incisor and the stable basi-
cranial line

5. Nasolabial angle: angle constructed by the intersection of
a line passing from the subnasale and tangent to the lower
border of the nose with a line from the labrale superius to
the subnasale

6. Vert T-ANS: perpendicular distance from the anterior nasal
spine (ANS) to the vertical reference line

7. Vert T-PNS: perpendicular distance from the posterior nasal
spine (PNS) to the vertical reference line

8. VertT-A: perpendicular distance from point A to the vertical
reference line

9. Vert T-U1Tip: perpendicular distance from the incisal edge
of the maxillary central incisor to the vertical reference line

10. Vert T-U1Root: perpendicular distance from the maxillary
central incisor root apex to the vertical reference line

11. ANS-SBL: perpendicular distance from the ANS to the stable
basicranial line

12. PNS-SBL: perpendicular distance from the PNS to the stable
basicranial line

13. A-SBL: perpendicular distance from point A to the stable ba-
sicranial line

14. SBL-U1Tip: perpendicular distance from the incisal edge of
the maxillary central incisor to the stable basicranial line

15. SBL-U1Root: perpendicular distance from the maxillary cen-
tral incisor root apex to the stable basicranial line

16. A-Nperp: perpendicular distance from point A to the nasion
perpendicular line

17. Vert T-Tip of Nose: perpendicular distance from the tip of
the nose to the vertical reference line

18. VertT-Sn: perpendicular distance from the subnasale to the
vertical reference line

19. Vert T-Ls: perpendicular distance from the labrale superior
to the vertical reference line

20. Vert T-Stms: perpendicular distance from the stomion supe-
rius to the vertical reference line

21. SBL-Tip of Nose: perpendicular distance from the tip of the
nose to the stable basicranial line

22. SBL-Sn: perpendicular distance from the subnasale to the
stable basicranial line

23. SBL-Ls: perpendicular distance from the labrale superior to
the stable basicranial line

24. SBL-Stms: perpendicular distance from the stomion superi-
us to the stable basicranial line.

Statistical Analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences for Windows, version 19.0 (IBM Corp., Ar-
monk, NY, USA). Chi-square test was used to assess gender dif-
ference between the groups. At the beginning of the treatments,
independent samples t-test was used for comparisons of age
and pretreatment cephalometric data among the groups. Inde-
pendent samples t-test and paired samples t-test were used to
evaluate and compare the post-treatment changes among the
groups. A p value of <0.05 was considered statistically significant.

RESULTS

There were no differences with respect to gender (RME: 18 female
and 9 male and Alt-RAMEC: 17 female and 10 male, p=0.776) or age
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Table 1. Comparison of initial cephalometric values between

groups

Groups
RME Alt-RAMEC
Mean£SD Mean+SD p
SNA (°) 79.91+3.42 79.67+3.34 0.792
SBL-PP (°) 1.25+4.76 1.22+3.62 0.980
U1-PP (°) 112.95+8.87 116.23+4.04 0.086
U1-SBL (°) 111.67£9.49 114.98+4.24 0.104
Nasolabial angle (°) 107.62+8.11 108.43+10.09  0.746
Vert T-ANS (mm) 63.34+4.61 62.27+4.97 0.416
Vert T-PNS (mm) 13.29+3.91 14.5+3.61 0.241
Vert T-A (mm) 58.19+4.57 57.49+4.65 0.582
Vert T-U1Tip (mm) 59.65+7.07 60.24+5 0.724
Vert T-U1Root (mm) 51.09+4.9 50.61+4.2 0.706
ANS-SBL (mm) 43.6+4.76 42.84+3.35 0.501
PNS-SBL (mm) 42.51+3.01 41.81+3.78 0.453
A-SBL (mm) 46.84+4.05 46.22+3.4 0.549
SBL-U1Tip (mm) 69.37+4.81 68.37+4.82 0.450
SBL-U1Root (mm) 47.62+4.66 47.69+4.15 0.951
A-Nperp (mm) -1.09+4.3 -0.66+2.94 0.673
Vert T-Tip of Nose (mm)  85.02+5.4 83.97+5.71 0.490
Vert T-Sn (mm) 72.46%5.27 71.41£4.97 0.457
Vert T-Ls (mm) 73.32+£6.27 72.8+5.45 0.744
Vert T-Stms (mm) 66.95+6.41 67.23+5.26 0.861
SBL-Tip of Nose (mm) 39.24+5.97 38.64+5.37 0.699
SBL-Sn (mm) 47.31+5.41 47.5+4.92 0.894
SBL-Ls (mm) 60.96+5.49 61.19+5.34 0.879
SBL-Stms (mm) 66.17£5.55 65.99+5.18 0.902
* Significant at p<0.05.

(RME: 12.55£1.94 years and Alt-RAMEC: 12.88+1.68 years, p=0.505)
in the subjects. The groups did not show any differences with re-
spect to pretreatment cephalometric measurements (Table 1).

As a result of treatment in the RME group, changes in mea-
surements of SNA, UT-PP, U1-SBL, Vert T-ANS, Vert T-A, Vert T-
U1Root, ANS-SBL, PNS-SBL, A-SBL, SBL-U1Root, Vert T-Tip of
Nose, and SBL-Ls were significantly different. SNA, Vert T-ANS,
VertT-A, Vert T-U1Root, ANS-SBL, PNS-SBL, A-SBL, SBL-U1Root,
Vert T-Tip of Nose, and SBL-Ls increased significantly, whereas
changes in measurements of UT-PP and U1-SBL decreased sig-
nificantly. The maxilla moved forward and downward without a
change in the palatal plane. Significant upper incisor retrusion
was found according to both palatal plane and basicranial line.
In addition, the tip of the nose moved forward, and the upper lip
moved downward (Table 2).

In the AIt-RAMEC group, changes in nasolabial angle, Vert T-Stms,
SBL-Ls, and SBL-Stms were statistically significant. Nasolabial an-
gle, SBL-Ls, and SBL-Stms increased significantly, and Vert T-Stms
decreased significantly. The nasolabial angle became more obtuse,
and the stomion superius moved backward and downward. In ad-
dition, the labrale superior moved downward (Table 2).

DISCUSSION

The Alt-RAMEC procedure was first introduced in patients with
cleft lip and palate to enhance the Class Il therapy by Liou and
Tsai (9). Instead of using a Haas/Hyrax expander, they employed a
double-hinged expander to achieve a more effective expansion in
the anterior region (19). They asserted that this type of expander
could provide more forward displacement of the maxilla without
the possibility of bone resorption behind the maxillary tuberosity.
The original weekly sequence of Alt-RAMEC was 9 weeks, includ-
ing four pairings of expansion-constriction, followed by a final
expansion. However, it has been modified and used differently in
many studies. For instance, Canturk and Celikoglu (20) used the
protocol along 8 weeks without the final expansion week. Simi-
larly, Isci et al. (12) modified the protocol, and it was 4 weeks in
their study. There was no final expansion week in their study, as
well. Maino et al. (21) used a 5-week protocol in their study. For
instance, Isci et al. (12) and Canturk and Celikoglu (20) used a Haas/
Hyrax-type expander in their studies. Maino et al. (21) used a Haas/
Hyrax-type expander with mini-screw and tooth anchorage. Sim-
ilarly, several researchers have selected to apply different weekly
sequences without reporting any reason: 9-, 8-, 5-, and 4-weekly
sequences have been used (12, 17, 20, 21). There is no clear con-
sensus about which expander and procedure must be utilized.

In the present study, the classical type of expander was used. In
patients with cleft palate, mostly, there is dentoalveolar devel-
opmental failure in the anterior region due to tooth agenesis
or unerupted teeth, so the use of a double-hinged expander or
fan-type expander, which can provide further expansion in the
anterior segment, is reasonable. However, our study involved
subjects who had no cleft lip and palate, so there was no need
for extra expansion at the anterior segment. Furthermore, al-
though it has been claimed that a double-hinged expander has
an advantage in maxillary protraction compared with Haas/Hy-
rax-type, no clear evidence has been presented to support this
view, except for schematic drawings by their proponents.

A 4-weekly sequence was used without a final expansion week
in this study, and screw activation was 1 mm/day (4 turns/day).
We preferred to terminate the activation procedure at the initial
screw position. Because the Alt-RAMEC procedure has been first
introduced as an alternative to the RME procedure and it has been
claimed that it does not require unnecessary maxillary expansion
in Class Ill therapy (9). Whereas, if we had added the final expan-
sion week to our procedure, we would have achieved a 7 mm ex-
pansion. 7 mm of expansion is almost half of a full screw activa-
tion. Since we have thought that such an expansion was contrary
to the emergence claim of Alt-RAMEC, we did not include the 5th
week (expansion week) in the activation procedure.

In the present study, pure treatment outcomes of RME and of
Alt-RAMEC (without any combined therapy) were evaluated and
compared. Previous studies have shown that when these treat-
ments are used together with a face mask, the skeletal advance-
ment in the sagittal direction can be greater than that achieved
by face mask therapy alone. There are many RME studies in the
literature. Several studies have examined RME'’s contribution to
treatments of Class Ill malocclusion, and two theories have been
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Table 2. Changes in RME and Alt-RAMEC groups during treatment

Groups Groups
RME Alt-RAMEC RME Alt-RAMEC

Mean+SD Mean+SD MeanxSD Mean+SD
SNA (°) (TO) 79.91+3.42 79.67+3.34 A-SBL (mm) (TO) 46.84+4.05 46.22+3.4
SNA (°) (T1) 80.58+2.99 80.04+3.43 A-SBL (mm) (T1) 48.05+3.89 46.18+3.4
P 0.003* 0.096 p 0.001* 0.901
SBL-PP (°) (TO) 1.25+4.76 1.22+3.62 SBL-U1Tip (mm) (TO) 69.37+4.81 68.37+4.82
SBL-PP (°) (T1) 1.52+4.04 1.09+3.9 SBL-U1Tip (mm) (T1) 70.76+4.78 66.55+12.7
P 0.406 0.673 p 0.402 0.275
U1-PP (°) (TO) 112.95+8.87 116.23+4.04 SBL-U1Root (mm) (T0) 47.62+4.66 47.69+4.15
U1-PP (°) (T1) 110.63+9.61 115.15+4.66 SBL-UTRoot (mm) (T1) 48.75+3.97 47.76+4.17
p 0.001* 0.103 p 0.004* 0.858
U1-SBL (°) (TO) 111.67+9.49 114.98+4.24 A-Nperp (mm) (T0) -1.09+4.3 -0.66+2.94
U1-SBL (°) (T1) 109.1£10.51 114.06+4.95 A-Nperp (mm) (T1) -0.71+4.32 -0.34+3.33
p 0.001* 0.213 p 0.206 0.279
Nasolabial angle (°) (TO)  107.62+8.11 108.43+£10.09 Vert T-Tip of Nose (mm) (T0) 85.02+5.4 83.97+5.71
Nasolabial angle (°) (T1)  109.23£7.51 111.53+8.95 Vert T-Tip of Nose (mm) (T1)86.33+6.13 84.75+6.84
p 0.209 0.018* P 0.019% 0.154
Vert T-ANS (mm) (TO) 63.34+4.61 62.27+4.97 Vert T-Sn (mm) (TO) 72.46+5.27 71.41+4.97
Vert T-ANS (mm) (T1) 64.49+4.94 62.6+5.08 VertT-Sn (mm) (T1) 73.42+5.9 72.03+6.04
P 0.009* 0.438 P 0.064 0.232
Vert T-PNS (mm) (T0) 13.2943.91 14.5+3.61 Vert T-Ls (mm) (T0) 73.3246.27 72.845.45
Vert T-PNS (mm) (T1) 13.53+3.82 15.34+6.51 Vert T-Ls (mm) (T1) 73.7+6.66 72.5916.71
p 0.769 0315 P 0.501 0.709
Vert T-A (mm) (TO) 58.19+4.57 57.49+4.65 Vert T-Stms (mm) (TO) 66.95+6.41 67.23+5.26
Vert T-A (mm) (T1) 59.14+4.77 57.93+5.06 Vert T-Stms (mm) (T1) 67.82+7.13 65.95+6.45
p 0.022* 0.274 P 0.132 0.028*
Vert T-U1Tip (mm) (TO) 59.65+7.07 60.24+5 SBL-Tip of Nose (mm) (T0) 39.24+5.97 38.64+5.37
Vert T-U1Tip (mm) (T1) 59.9+7.54 60.45+5.66 SBL-Tip of Nose (mm) (T1) 39.57+5.18 38.46+4.62
P 0.634 0.699 P 0.565 0.749
Vert T-U1Root (mm) (TO) ~ 51.09+4.9 50.61+4.2 SBL-Sn (mm) (T0) 47.3145.41 47.5+4.92
Vert T-U1Root (mm) (T1)  52.44+4.71 51.19+4.92 SBL-Sn (mm) (T1) 47.76+4.56 47.71+4.46
P 0.003* 0.194 P 0313 0.630
ANS-SBL (mm) (T0) 43.6+4.76 42.84+3.35 SBL-Ls (mm) (TO) 60.96+5.49 61.19+5.34
ANS-SBL (mm) (T1) 44.56+4.36 42.86+3.51 SBL-Ls (mm) (T1) 62.16+4.89 62.67+5.11
P 0.013* 0.960 P 0.039*% 0.012*
PNS-SBL (mm) (T0) 42.51+3.01 41.81+3.78 SBL-Stms (mm) (T0) 66.17+5.55 65.99+5.18
PNS-SBL (mm) (T1) 43.26+3.16 41.9143.16 SBL-Stms (mm) (T1) 67.08+4.73 68.01+4.82
P 0.002% 0.660 p 0.096 <0.001*
*Significant at p<0.05. SD: Standard deviation

presented. In the first theory, without a face mask, it has been
claimed that the maxilla slightly moves forward with the aid of
RME. However, some studies have shown that the maxilla goes
in a backward direction rather than forward as a result of RME. In
this regard, this issue is controversial. In the second theory, it was
stated that sutural mobilization caused by RME may increase the
efficiency of face mask. This is also a matter of debate because
sutural mobilization is not irrational, but it is not a measurable
phenomenon, except for theoretical models and animal studies.

In contrast, research investigating Alt-RAMEC is relatively limit-
ed. Available studies are mostly about the efficacy of combined
therapies. We could identify only two studies that focused on
the effects of using Alt-RAMEC alone (9, 17). Liou and Tsai (9) ex-
amined whether Alt-RAMEC is effective in solving Class Ill mal-
occlusion. They tested the hypothesis that Alt-RAMEC displaces
the maxilla more anteriorly and disarticulates circummaxillary
sutures more effectively than RME. However, the participants in
their study had unilateral cleft lip and palate, so evaluating the
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effectiveness of Alt-RAMEC in Class Ill patients without cleft lip
and palate may reveal different results. The anatomies of pa-
tients with cleft lip and palate are different from those of nor-
mal subjects, so treatment efficiency may differ accordingly. In
the other study by Yilmaz and Kucukkeles (17), changes were
evaluated following the Alt-RAMEC protocol using cone beam
computed tomography. We could not find any other isolated
Alt-RAMEC studies.

According to our results, the maxilla moved forward due to RME
(SNA, Vert T-A, and Vert T-ANS increased at 0.67°,0.95 mm, and
1.15 mm, respectively). This is consistent with the previous find-
ings reported by Haas, Davis and Kronman, and Chung and Font,
and others (1, 2, 13, 22-26). However, there are also contradictory
results in the literature. Da Silva Filho et al. (16) stated that the
anterior displacement of the maxilla with significant changes
in the SNA angle should not be expected. Similarly, Sarver and
Johnston (27) showed that bonded RME causes backward dis-
placement, as opposed to forward movement. We think that
many factors, such as appliance design, the subjects’maturation
stage, and expansion protocol, could explain these contradicto-
ry results. Biederman (25) schematically showed how the maxilla
can move in the sagittal direction according to the location of
the center of rotation. When the maxilla is expanded and there
is no resorption at the site of the bony complex with which it
articulates posteriorly, it leads to forward displacement due to
the support from the posterior regions. Such a circumstance may
have occurred in the present study.

Based on our results, we anticipate that RME can be used alone
for mild maxillary retrusion in Class Il subjects, as suggested by
Haas (2). Studies conducted by Sung and Baik (28), Cha (29), Ka-
pust et al. (30), and Isci et al. (12) showed 1.7 mm, 0.97 mm, 1.97
mm, and 2.33 mm of point A anterior movement, respective-
ly, for subjects aged between 10-14 years, treated with RME
and face mask. In our study, using RME alone resulted in a 0.95
mm anterior movement of point A. This effect is almost half the
amount of that was obtained by RME and a face mask therapy.
RME increased the SNA by 0.67°; it could be speculated that this
amount of increase could not solve mild maxillary retrusion.
However, it should not be overlooked that the maxilla moved
not only forward but also downward (the increases of ANS-SBL,
PNS-SBL, and A-SBL were statistically significant with 0.96 mm,
0.75 mm, and 1.21 mm, respectively). Downward movement
masks the angular changes in forward movement. Therefore,
we think that Vert T-A, rather than SNA, will give more accurate
information on the detection of RME’s contribution to maxillary
advancement.

Another finding is the downward movement of the maxilla (Table
2). This is not surprising when previous publications in the litera-
ture are considered. Since Haas’ publications in the 1960s, many
researchers have observed a downward movement due to RME
(1,2,13, 16, 26). Maxillary downward movement orients the man-
dible to a downward and backward direction, which results in a
smaller SNB, higher mandibular plane angle, and longer anterior
facial height. This outcome, just as forward movement, helps to
resolve the sagittal discrepancy in Class Ill subjects.

In the Alt-RAMEC group, hard and soft tissues did not change to
the same extent as they did in the RME group. Changes in naso-
labial angle, Vert T-Stms, SBL-Ls, and SBL-Stms, which are all soft
tissue parameters, were statistically significant. The nasolabial an-
gle became more obtuse, and the upper lip moved backward and
downward. Unfortunately, no adequate preliminary studies exist in
the literature to help explain these data. Depending on the prema-
ture contacts that occurred after the Alt-RAMEC, the lips may have
been incompetent, and these changes may have occurred when
the subjects attempted to close their lips. In the RME group, the
reason why these changes did not occur (except SBL-Ls) could be
that the observed skeletal changes compensated for the soft tissue
changes. In response to the backward movement of the upper lip,
the maxilla moved forward and compensated the condition.

CONCLUSION

+  RME therapy resulted in skeletal and dental changes in the
maxilla and related structures, contributing to solve Class IlI
problems. The maxilla moved forward and downward.

«  No remarkable changes were recorded in the Alt-RAMEC
group.

« In cases of mild maxillary retrusion accompanied by trans-
verse deficiency, RME alone can be advised as a treatment.
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ABSTRACT

Objective: To investigate the effects of fixed anterior biteplane treatment on temporomandibular joint in deep bite patients.

Methods: The sample comprised 17 Class Il patients with deep bite and decreased lower anterior facial height. The average patient
age was 9.9+0.9 years. Transcranial temporomandibular joint radiographs were obtained from the subjects before (T0) and after fixed
anterior biteplane treatment (T1). Anterior joint space, posterior joint space, superior joint space, anteroposterior thickness of the
condylar head, vertical height of the articular fossa, and the articular fossa slope were measured on temporomandibular joint radio-
graphs to evaluate the position of the mandibular condyles in the glenoid fossa.

Results: The average treatment duration was 8.5+2.1 months. Slope of the articular fossa, vertical height of the articular fossa, an-
teroposterior thickness of the condyle, posterior joint space, superior joint space, and anterior joint space showed no statistically
significant difference between TO and T1 (p>0.05).

Conclusion: Fixed anterior biteplane appliance treatment did not change the condyle fossa relationship in Class Il deep bite patients
at the time of appliance removal.

Keywords: Angle Class Il, deep bite, temporomandibular joint

INTRODUCTION

The influence of abnormal occlusal characteristics on the temporomandibular joint positions have been a focus
of interest in various studies (1-3). Condylar retroposition with a tendency toward smaller posterior joint spaces
and larger anterior joint spaces have been reported in patients with various occlusal interferences, such as Class Il
malocclusion and deep bite (4-7). However, conflicting results have also been reported (8-10). Authors have sug-
gested that these conflicting results may be due to the large age variations in the samples and the differences in
the analyzing methods.

Functional appliances are commonly used in the treatment of patients at the age of 8-13 years with Class Il maloc-
clusion. Functional appliance treatment has a displacement effect on the condyle in the glenoid fossa and results
in growth at the condylar cartilage and joint adaptation (11). Fixed anterior biteplane appliance is a fixed functional
appliance that can be used to correct Class Il malocclusion and deep bite (12). The treatment outcomes were as
follows: increased lower facial height, increased total facial height, downward, and anterior movement of the man-
dible, labial inclination of the mandibular incisors, and extrusion of the mandibular posterior teeth (12).

Thus far, many studies on the condylar positional changes caused by functional treatment have been performed
(11, 13-16). However, to our knowledge, there is no consensus regarding the influence of functional treatment
on the temporomandibular joint position in Class Il deep bite patients.
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Therefore, this study aimed to analyze the condylar positional
changes in patients treated with a fixed anterior biteplane appli-
ance. The null hypothesis was that fixed anterior biteplane treat-
ment does not change the condyle position.

METHODS

The investigation was approved by the Ethics Committee of
Medical, Surgical and Drug Research of Hacettepe University
(LUT 04/30). Transcranial temporomandibular joint radiographs
of 17 patients (mean age: 9.9+0.9 years, Table 1) were included
as per the following inclusion criteria: 1) absence of any systemic
disease that may adversely affect growth and development and
no craniofacial deformity, 2) Class Il malocclusion, 3) deep bite
>4 mm, 4) lower anterior facial height <43°, 5) horizontal growth
pattern, and 6) mixed or early permanent dentition. No subjects
had undergone orthodontic treatment previously.

All the patients were treated with a fixed anterior biteplane ap-
pliance to correct Class Il malocclusion and deep bite as shown
in Figure 1. Details about the preparation and application of the
appliance were explained in an earlier study (12). Hawley appli-
ances for lower and upper dental arches were used for reten-
tion after the fixed anterior biteplane treatment in 9 patients.
Fixed edgewise treatment was continued after removal of the
biteplane in 8 patients to correct dental irregularities, such as
rotation and diastema.

In order to assess the temporomandibular joint position chang-
es resulting from treatment, transcranial temporomandibular
joint radiographs were taken before (T0) and after fixed anteri-
or biteplane treatment (T1) in each patient. Initial radiography
examinations were performed when the patients registered for

Table 1. Demographic and clinical characteristics of the study population

Male Female Age (TO)  Treatment time
n subjects subjects years months
mean (SD) mean (SD)
17 8 9 9.9(0.9) 8.5 (2.1)
SD: standard deviation

__ LS

Figure 1. Intraoral photograph of the fixed anterior biteplane
appliance

orthodontic treatment (T0). The final radiograph was taken af-
ter achieving Class | molar relationship with decreased over bite
(T1). The average treatment time was 8.5+2.1 months (Table 1).

Transcranial temporomandibular joint radiographs were ob-
tained under standard conditions using the same millimetric and
angular values (coronal, sagittal, and vertical) for radiographs
taken at TO and T1 periods on a periapical radiography device
(Planmeca Prostyle Intra, Helsinki, Finland) using the “Denar Ac-
curad 200" head orientation device.

The position of the mandibular condyles in the glenoid fossa; an-
terior, posterior, and superior joint space widths; anteroposterior
thickness of the condylar head; vertical height of the articular
fossa; and the slope of the articular fossa were examined on the
transcranial joint radiographs according to the method of Cohl-
mia et al. (8). Points and planes are shown in Figure 2. Measure-
ments are shown in Figure 3.

Statistical Analyses

Statistical calculations were performed with Statistical Package
for Social Sciences software, version 11.5 (SPSS Inc.; Chicago, IL,
USA). Shapiro-Wilk test was used to test the normality of distri-
bution for continuous variables. The parameters that were nor-
mally distributed were analyzed using paired-t test. The statisti-
cal significance was established at p<0.05.

Figure 2. Landmarks and planes: L1, line tangent to the most
superior point of the glenoid fossa (SF) and parallel to the superior
border of the radiograph; L2, line parallel to L1 to locate the superior
aspect of the condyle (SC); L3, line parallel to L2 through the most
convex point of the anterior aspect of the condylar head; t1, tangent
to the posterior aspect of the condyle from SF; t2, tangent to the
anterior aspect of the condyle from SF; t3, line best fit to the anterior
slope of the glenoid fossa; d1, line drawn perpendicular to t1
through the posterior condyle point; d2, line drawn perpendicular to
L2 through the superior fossa point: d3, line drawn perpendicular to
12 through the anterior condyle point; d4, line drawn perpendicular
to L1 through the most inferior point of articular eminence; SF, the
most superior point of the glenoid fossa; SC, the superior aspect of
the condyle; 1, posterior condyle point; 2, anterior condyle point;

3, the most posterior point of condylar head; 4, anterior head of

the condyle; 5, the most inferior point of the articular eminence; 6,
point intersected the glenoid fossa perpendicular to t2 from anterior
condyle point; 7, point intersected the glenoid fossa perpendicular
to t1 from posterior condyle point; 8, intersection of d4 and L1
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In order to evaluate the measurement error, the measurements
were repeated by the same investigator for all the patients after
two weeks. Intraclass coefficient correlation was >0.940.

L1
L2 N /E[Y1

N
L3 3

Y Y%

e

/\

Figure 3. Measurements: 1, Slope of the articular fossa; 2, Vertical

height of the articular fossa; 3, Thickness of the condylar head; a,
Posterior joint space; b, Superior joint space; ¢, Anterior joint space

RESULTS

Slope of the articular fossa, vertical height of the articular fossa,
thickness of the condylar head, posterior joint space, superior
joint space, and anterior joint space showed no significant differ-
ence between TO and T1 (p>0.05, Table 2, 3). The slope of the ar-
ticular fossa and the vertical height of the articular fossa showed
atendency to be more symmetric on the left and right sides from
TO to T1; however, the changes were not statistically significant.

DISCUSSION

Thus far, several studies have been conducted to determine the
effects of deep bite and Class Il malocclusion on the temporo-
mandibular joint. In some studies, deep bite was associated with
posterior condyle displacement, disc luxation, and pain (17-20).
In other studies, no effect on condylar displacement was shown
(21-24). In this study, transcranial joint radiographs taken before
and after fixed anterior biteplane treatment were compared to
detect the effect of biteplane on the condyle positions. Accord-
ing to the results, fixed anterior biteplane treatment did not

Table 2. Comparison of the temporomandibular joint position between TO and T1 on the left side

Left TMJ measurements Mean SD Minimum Maximum P

Posterior joint space (mm) TO 2.5 0.93 1 338 0.063
T1 34 1.55 2 7.5

Superior joint space (mm) TO 34 0.82 2 0.449
T1 3.6 0.93 2 5

Anterior joint space (mm) TO 2.7 1.35 1.2 5.5 0.165
T1 2.1 0.53 13 3

Thickness of condylar head (mm) TO 11.2 1.72 8.2 14.6 1.000
T1 11.2 1.23 9.6 14.5

Slope of articular fossa (°) TO 43.5 8.17 29.8 533 0.137
T1 47.6 12.63 28 68

Vertical height of articular fossa (mm) TO 6.6 2.03 35 9.5 0.158
T1 74 2.34 3.2 12

SD: standard deviation

Table 3. Comparison of the temporomandibular joint position between T0 and T1 on the right side

Right TMJ measurements Mean SD Minimum Maximum P

Posterior joint space (mm) TO 2.6 0.53 1.9 37 0.788
T1 2.6 0.65 2 4

Superior joint space (mm) TO 2.9 1.04 1 4.8 0.117
T1 34 0.70 1.5 4.4

Anterior joint space (mm) TO 22 1.13 1 4.8 0.966
T1 2.2 1.15 1 49

Thickness of condylar head (mm) TO 1.3 1.29 9 14 0.378
T1 11.0 1.82 83 14

Slope of articular fossa (°) TO 51.0 9.61 39 70 0.455
T1 48.9 7.68 38 63.8

Vertical height of articular fossa (mm) TO 83 1.85 5.8 12 0.188
T1 7.7 1.96 4 10.8

SD: standard deviation
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change the condyle position. The null hypothesis was accepted.
This result was in accordance with the reports that showed no
significant differences in the condyle position after mandibular
positional change with Class Il treatment (11, 16, 25). During an
average treatment duration of 8.5 months, possible condylar
and glenoid fossa remodeling after the mandibular position-
al change with fixed anterior biteplane might explain the un-
changed temporomandibular condyle position.

Anterior joint space on the left side showed greater values than the
right side at TO, indicating asymmetric condyle position in Class Il
deep bite patients. Various studies have reported that this asym-
metry should not be considered as a pathology and may be associ-
ated with the normal asymmetries of the cranial base (26, 27). After
the treatment of fixed anterior biteplane treatment, values of the
anterior and posterior joint spaces became closer,and symmetry of
the joint spaces was achieved on the left and right sides.

It was stated that the steep slope of the articular fossa may cause
greater rotational movement of the disc on the condyle that may
increase the risk of disc displacement disorders. Cohlmia et al. (8)
showed a steeper articular fossa slope in deep bite patients. Af-
ter the treatment of deep bite with fixed anterior biteplane, the
slope of the articular fossa on the right side tended to decrease
and became symmetric with that on the left side.

One of the limitations of the study was the use of two-dimen-
sional radiographs that involve several unwanted factors, such
as difficulty in visualizing a three-dimensional structure and su-
perimposition of the surrounding structures. While Computed
tomography/Cone-beam computed tomography may be rec-
ommended for three-dimensional evaluation of the temporo-
mandibular joint, accounting the ALARA principles, two-dimen-
sional imaging was preferred in order to reduce the effective
radiation that the patients received (28). In addition, the clinical
validity of two-dimensional tomographic tracing to measure the
condylar position is questionable. The difficulty in evaluating
small changes in condylar positioning, even with the use of to-
mography have been discussed previously (29-31).

Another limitation of the study was the lack of a control group;
we did not compose a control group due to ethical reasons.
However, it is noteworthy that all the patients were in the same
cervical vertebral maturation stage in their pre- and post-treat-
ment periods.

CONCLUSION
Considering the limitations of this study, we found no significant

changes in the condyle fossa relationship with the use of a fixed
anterior biteplane appliance.
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ABSTRACT

Objective: Owing to the increasing demand from orthodontic patients for a more rapid treatment, many studies have focused on
accelerated tooth movement. Currently, one of the prevalent methods to achieve accelerated tooth movement is piezo-puncture. The
aim of the present study was to evaluate the effect of a modified piezo-puncture method on tooth movement rate and type during
canine retraction.

Methods: A total of 17 patients who required fixed orthodontic treatment with extraction of the maxillary first premolars were in-
cluded in the study. Following a split-mouth design, upper canines were retracted with Ni-Ti coil spring that applied 150 g of force
on each side (piezo-puncture on one side and contralateral side served as the control). Then, the rates of tooth movement, canine
angulation and rotation, and anchorage loss were evaluated at TO (before the intervention), T1 (1 month after the intervention), and
T2 (2 months after the intervention). For calculating the canine movement rate, either the distance between the canine and the lateral
incisor or the space between the second premolar and the canine was measured. In addition, pain perception was documented by
Visual Analog Scale. Data were analyzed using the Kolmogorov-Smirnov normality test, Spearman correlation test, paired sample
t-test, and Wilcoxon signed-rank test.

Results: No significant acceleration was observed in canine movement, canine tipping, rotation, or anchorage loss of molar in differ-
ent times.

Conclusion: Considering the limitations of the study, the application of piezo-puncture employing the protocol used in the present
study failed to accelerate tooth movement and to decrease the unfavorable tipping, rotation, and molar anchorage loss.

Keywords: Piezo-puncture, Accelerated tooth movement, Canine retraction

INTRODUCTION

The duration of orthodontic treatment has always been a critical concern for both patients and clinicians; there-
fore, many solutions have been proposed in recent years to shorten this period (1). Currently, driven by the
growing demand of individuals for faster and shorter orthodontic treatments, many studies tend to focus on
accelerated tooth movement (2-11). The first efforts to achieve accelerated tooth movement date back to 1890
(1). One of these early methods was alveolar osteotomy in which the bone cortex and medullary bone were com-
pletely separated—primarily involved in the reduction of bone mechanical strength—-in an attempt to accelerate
tooth movement. In 1959, Kéle introduced a procedure involving both osteotomy and corticotomy (3). This new
approach involved resecting the cortical bone only, resulting in decreased damage and risks compared with
osteotomy. During the years that followed, methods to clinically accelerate tooth movement were attributed to
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reduced bone strength (4). However, in 1983, Frost refuted this
concept, arguing that the demineralization and remineralization
processes of the alveolar bone are the actual causes responsible
for tooth movement acceleration. This phenomenon was termed
as regional acceleratory phenomenon (RAP) (5).

Although human and animal studies demonstrated the relative
efficacy of corticotomy on the rate of tooth movement, some
complications and limitations posed by this method prompted
the development of corticision and piezocision (6-11). In contrast
to corticotomy, these procedures do not require full-thickness
flap reflection, but instead, the use of a small vertical incision
through the gingiva fulfills the purpose (12, 13). These methods
resulted in significantly less trauma and other complications in
comparison with the corticotomy method (14).

Some studies have showed that the decortication resulting from
piezotome is much more conservative than using a bur and a hand-
piece. Accordingly, it has been claimed that the vibration of the ul-
trasonic handpiece could produce a more extensive effect on the
osteocytic response (15).Yadav et al. (16) reported no significant
increase in tooth movement by applying various low-frequency
mechanical vibration, whereas Kalajzic et al. (17) found that tooth
movement is significantly inhibited by the application of vibratory
forces, and Uribe et al. (18) found that the effect of vibration on ac-
celerating the rate of orthodontic tooth movement is contradictory.

Nevertheless, with the aim of relieving the fear, pain, and discom-
fort experienced by patients during surgical procedures, a novel
method called piezo-puncture was introduced by Kim et al. (19)
using an animal model. It is claimed that the piezo-puncture is
an optimized less invasive treatment modality, relies on crystal-
lographic, as well as piezoelectric, changes, and involves making
several cortical punctures penetrating the gingiva and bone. In
this procedure through an ultrasonic tool and sharp tip, without
any flap or incision, several punches are created on the gingiva and
bone in different locations according to treatment plan and tooth
movement direction. Since only one case report is available as clin-
ical study in this subject (20), the aim of this split-mouth clinical trial
was to compare the retraction rates of upper canines with sliding
mechanics using piezo-puncture method with a control side.

METHODS

Patient Selection

This was a clinical controlled trial. The research protocol was re-
viewed and approved by the ethical committee of the Mashhad
University of Medical Sciences (No: 930554, Date: 2015/02/18). A
total of 17 (7 male and 10 female) healthy subjects were included
in the study. Inclusion criteria were minimum age of 14 years and
maximum age of 30 years (mean age: 18.23+1.35 years); maxi-
mum anchorage (group A); Class I/crowding or Class Il division
1 malocclusion requiring treatment using bilateral extraction of
the first premolars and retraction of the maxillary canines with
standard full fixed edgewise appliances; presence of a full com-
plement of dentition from first molar to first molar in both arches
and possession of a healthy periodontium despite attachment
loss of up to 2 mm—yet without any systemic disease; no history

of previous orthodontic treatment; no therapeutic intervention,
such as maxillary lateral expansion or growth modification treat-
ment; and requirement of at least 3 mm of canine retraction.
Informed consent was obtained from the patients or their legal
guardians who agreed to participate in the research.

The orthodontic treatment of patients was scheduled using
standard edgewise appliance system with 0.018x0.025-inch slot
(Dentaurum, Germany). Transpalatal arches (TPAs) were inserted
in all patients. The right and left maxillary first premolars were
extracted approximately 3 months before starting canine retrac-
tion. Once leveling and aligning were achieved and before ca-
nine retraction, the four incisors were connected using a ligature
wire, and accurate alginate impressions were obtained from the
upper jaw. Thereafter, a set of study casts were poured in dental
stone. Then, the periodontist performed piezo-puncture on the
distobuccal, mesiobuccal, mesiolingual, and distolingual sides
of the canine (parallel to the long axis of the canine root). Then,
Ni-Ti coil spring (G&H, USA) was applied exerting 150 g of force
by connecting to the hook of canines and molars on a 0.016-inch
stainless steel wire for canine retraction. Alginate impression was
repeated at the end of the first and second months following
spring activation. A code number was allocated to the name of
each patient to eliminate possible researcher bias. These code
numbers were matched to study casts, and the photographs
were obtained from them. A random selection procedure (coin
toss) was utilized to consider one side of the participant’s upper
jaw for piezo-puncture (intervention group) and the other for
the control group (no intervention). Further assessment of the
photographs, as well as the study casts, was performed 1 month
after the completion of the whole project by another researcher
who was blind to the intervention group.

Piezo-Puncture Protocol

Initially, the longitudinal axis and the adjacent teeth roots were
evaluated using panoramic radiography. Then, local anesthesia
(lidocaine 2% with epinephrine 1:100,000) was injected into the
target area. A piezo-surgery device (24-26 kHz oscillation; Mec-
tron Piezosurgery®, Italy) with a curved, sharp head (Sharp Insert
Tip, OT6) was used to create the cortical tissue punctures.

The punctures were made 3 mm deep into the cortical bone by
holding the tip of the device perpendicular to the gingiva and
bone for 5 s, while normal saline was being dispersed by the
machine for cooling in the process (19). Punctures were made
starting from 4-5 mm below the gingival papilla tip. A total of 24
punctures were created in the following order: 8 on the distob-
uccal side, 8 on the mesiobuccal side (Figure 1. a, b), 4 on the me-
siopalatal side, and 4 on the distopalatal side of the canine teeth
along the root axis (Figure 1c). Finally, the patients were advised
to use 0.2% chlorhexidine mouthwash twice a day for 1 week.

Measuring the Rate of Tooth Movement

The study models were used to measure the amount of canine
movement. For this purpose, the following points were identi-
fied and marked on the casts: the most distal point on the incisal
edge of the lateral incisor, canine cusp tip, distal contact point of
the canine, mesial contact point of the maxillary second premo-
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Figure 1. a-c. Punches created in buccal side (a, b) and in palatal side (c)

Figure 2. a, b. Identified landmarks on the study model (a), the method of paralleling the occlusal plane with the horizontal plane (b)

lar, central fossa of the maxillary first molar, and the most anteri-
or and posterior points of the incisive papilla (Figure 2a).

Then, the occlusal surface was adjusted using the articulators in
the horizontal plane (Figure 2b). The images from all casts were
taken with a digital camera positioned at a constant vertical dis-
tance from the occlusal surface using the same magnification.
Measurements were performed utilizing the Smile Analyzer soft-
ware (21). Either the distance between the canine cusp tip and
the most distal point of the lateral incisor (at incisal level) or the
space between the mesial contact point of the second premolar
and the distal surface of canine was measured to calculate the
tooth movement rate of the canine.

Canine rotation was determined using the angle created be-
tween the line connecting the anterior and posterior parts of
the incisive papilla (roughly the median palatine suture) and the
mesial and distal lines passing through the contact surface of ca-
nines during treatment (Figure 3) (22).

A tooth inclination protractor (TIP) device was employed to mea-
sure canine tipping during the movement. The metallic wire of-
fered by the TIP device was laid leaning against the labial surface
of the canine on the line that passes through the cusp tip and the
midpoint of the cervical aspect of the crown. The resultant angle
formed between the wires, measured with an angle ruler, was in-
dicative of tooth tipping in the mesiodistal direction (Figure 4) (23).

For the purpose of measuring the amount of molar mesial
movement and anchorage loss, an acrylic palatal plug was
made on the initial maxillary study model for each patient.
Since the acrylic plate of this appliance was almost confined to
the rugae area and because this particular site suffered mini-
mal changes in size and shape over time, this appliance could
be transferred from the initial cast to the final cast. Acrylic
plate included an acrylic part on the palate rugae and the ref-
erence wires (0.019x0.025-inch stainless steel) that were em-
bedded in this acrylic part, extending to the tip of the canine
cusp and the central fossa of the maxillary first molars. After
molar movement, the distance between the central fossa and
the wire tip was calculated as the amount of mesial molar dis-
placement (Figure 5) (22).

The amount of pain was evaluated using the Visual Analog Scale.
After the completion of surgery and the initiation of retraction,
the level of pain and discomfort experienced by the subjects
during the first and second months following the piezo-punc-
ture surgery was documented by the patients themselves, rating
their pain intensity on a scale of 0-10, where 0 represented no
pain and 10 signified severe pain (Figure 6).

Data Analysis and Statistical Analysis

Data collected from all groups were analyzed by the Statistical
Package for Social Sciences for Windows software, version 15.0
(SPSS Inc., Chicago, IL, USA).
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Figure 3. Measurement of canine rotation (22)

Figure 4. Measurement of canine tipping using TIP

Evaluations were repeated 15 days after the preliminary mea-
surements to assess intraobserver reliability. The second set of
values was compared against the initial values using Spearman
correlation test. The results showed a significant correlation
(p<0.05) between the two sets of measurement values, with the
difference being equal to 1 or approximately 1.

Rotation Angle

Canine Line

Palatal Raphe

Figure 5. The acrylic plate along with reference wires to measure
molar movement rate (anchorage loss)
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Figure 6. The ruler used for measuring the amount of pain

Subsequent to the verification of the reliability of measurements,
Kolmogorov-Smirnov normality test was conducted to study
the data distribution. The results of this test, for most variables,
indicated a data distribution level of 5%, which was deemed as
normal and acceptable. Then, paired sample t-test was utilized
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Table 1. Mean differences, SD, and significance level in the piezo-puncture and control groups

Time Group Mean£SD? p
Distance between the canine and the TO-T1° Control 0.74+0.89 0.169
lateral incisor (mm) Piezo-puncture 0.88+1.16
T1-T2¢ Control 0.65+0.83 0.577
Piezo-puncture 0.60+0.75
TO-T2¢ Control 0.90+1.72 0.297
Piezo-puncture 1.02+1.91
Space between the second premolar TO-T1 Control 1.18+1.77 0.458
and the canine (mm) Piezo-puncture 1.11£1.92
T1-T2 Control 1.17£1.27 0.53
Piezo-puncture 0.74+1.15
TO-T2 Control 1.62+3.05 0.93
Piezo-puncture 1.49+3.07
Canine rotation (°) TO-T1 Control 6.63+3.53 0.29
Piezo-puncture 8.32+5.94
T1-T2 Control 4.24+3.05 0.58
Piezo-puncture 5.42+2.17
TO-T2 Control 6.87+6.58 0.54
Piezo-puncture 8.40+8.11
Canine tipping (°) TO-T1 Control 3.00+0.94 0.055
Piezo-puncture 1.60+0.64
T1-T2 Control 1.75+0.23 0.21
Piezo-puncture 1.53£0.71
TO-T2 Control 2.24+1.17 0.69
Piezo-puncture 2.02+1.35
Movement of the first molar (mm) TO-T1 Control 0.27+0.31 0.309
Piezo-puncture 0.28+0.22
T1-T2 Control 0.15+0.18 0.200
Piezo-puncture 0.12+0.15
TO-T2 Control 0.32+0.49 0.468
Piezo-puncture 0.35+£0.37
Significance level at p<0.05.
2Standard deviation
5T0-T1: during the first month of canine retraction
T1-T2: during the second month of canine retraction
9TO-T2: total amount of changes during the first and second months

to analyze the variables related to the amount of canine move-
ment, namely, distal movement, rotation, and anchorage loss, as
well as pain.

Considering that the normal distribution of data of tipping val-
ues was rejected, Wilcoxon signed-rank test was applied to as-
sess this variable.

RESULTS

Since the angular and linear measurements were performed at
three different time intervals during the study, the relevant ta-
bles were summarized as follows for the ease of reading: TO: ini-
tiation of treatment, T1: the end of the first month, T2: the end of
the second month, TO-T1: changes during the first month, T1-T2:

changes during the second month, and TO-T2: total amount of
changes during the first and second months.

Data regarding the distal movement in the piezo-puncture and
control groups at three different time intervals are summarized
in Table 1. Based on the achieved data, the movement rate of
canines belonging to the piezo-puncture group during the first
month, the second month, and after 2 months was not signifi-
cantly different from that of the control group (p>0.05).

The total amount of canine rotation in the piezo-puncture and
control groups measured at three different time intervals is sum-
marized in Table 1. According to these mean differences, the ro-
tation of canines on both sides at different times was not signifi-
cantly different (p>0.05).
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Table 2. Comparison of pain level between the piezo-puncture and
control sides

Group Time Mean difference+SD? p
Control To° 0.76+1.05 0.056
Piezo-puncture 1.05+2.09

Control TO-T1¢ 0.81£1.14 0.373
Piezo-puncture 0.89£1.07

Control T1-T2¢ 0.79+1.07 0.281
Piezo-puncture 0.71+0.9

Significance level at p<0.05

aStandard deviation

bAfter piezo-puncture and connection of spring
During the first month of canine retraction
9During the second month of canine retraction

No significant difference was observed in the amount of tipping
between the piezo-puncture and on the control sides (Table 1).
The tipping values during 2-month of canine retraction were
4.58+2.39° on the control side and 5.29+2.39° on the piezo-punc-
ture side.

Evaluation of the mesial movement of the first molars revealed
that there was no significant difference between the experimen-
tal (0.37+£0.35 mm) and control sides (0.49+0.32 mm) in this as-
pect (Table 1).

The degree of pain experienced at the early stage of treatment
(after surgery) was relatively greater on the piezo-puncture side
than on the control side, but the difference was not statistical-
ly significant (P>0.05). In addition, during the first and second
months, no significant pain level was reported by patients in ei-
ther experimental or control side, and the difference between
two sides was not statistically significant (Table 2).

DISCUSSION

A wide range of surgical intervention methods has been ap-
plied on periodontal tissues to accelerate orthodontic tooth
movement. The damage caused by such surgical interventions,
designed to stimulate the occurrence of the RAP, has been a pri-
mary interest factor leading to the development of new surgical
techniques that not only accelerate orthodontic tooth move-
ment but also reduce the duration of treatment (24). During the
evolutionary process involving techniques, such as osteotomy
and corticotomy, followed by corticision, piezocision, and mi-
cro-osteoperforation methods in recent years, a more in-depth
explanation of the biological and molecular processes has been
reported, and researchers are still searching for a more conve-
nient, conservative approach with the hope to further enhance
the rate of tooth movement, which can potentially mean the
elimination of current problems, reduction of conventional risks,
and achievement of comparatively better results (25-28).

One of the latest methods resulting from these attempts is the
piezo-puncture method, which involves utilizing a piezoelec-
tric device to create cortical punctures on the attached gingiva
around the teeth. It is claimed that this procedure can minimize

pain and discomfort in patients-during and after surgery-and
increase patient cooperation. On the other hand, since only a
few punctures are required, minimal tissue damage is predict-
ed. These pointers regarding the piezo-puncture procedure
were presented subsequent to the results of an animal study
on beagle dogs. The findings of this study showed rapid tooth
movement without any serious damage (19). Following this
study, it was deemed necessary to determine the efficacy of the
piezo-puncture method in clinical situations. For this reason, the
current study employed the piezo-puncture procedure to evalu-
ate the anticipated effect on the movement rate of canines. The
study was conducted in the form of a clinical trial following a
split-mouth pattern.

Other studies in the literature, which employed more aggressive
surgical procedures, such as corticotomy and piezocision, for the
purpose of accelerated tooth movement, have reported a faster
rate of tooth movement. However, the results of the present study
did not indicate any significant increase in the rate of tooth move-
ment. Abbas et al. (29), who used corticotomy and piezocision in
their experiment, reported a 1.5- up to 2-fold increase in the rate of
canine distal movement. It should be noted that the current study
utilized a different method (precisely, a more conservative sur-
gical technique) and therefore, perhaps the reason of the differ-
ence between the results of this study with the actual results from
other studies employing corticotomy, corticision, piezocision, or
micro-osteoperforations due to the proven fact that the rate of
the RAP is positively correlated with the severity of the injury (30).
However, in relation to studies that have applied piezocision, per-
haps the positive impact that these experiments have achieved
can be attributed to the depth, length, and number of applied
injuries. It is worth mentioning that the method, which was imple-
mented in the course of the present study, involved creating few-
er penetrations and perforating a lesser amount of cortical bone
than other methods, such as piezocision and corticotomy. The
protocol used in the current study applied 16 punctures on the
buccal side and 8 punctures on the palatal side. Corticotomy cuts
applied in the research performed by Aylikci and Sakin (9) were
10 mm long and 4 mm depth. Thus, compared with other stud-
ies, the total depth of punch penetration applied to the cortical
bone in the present study was decreased (approximately 3 mm),
which was similar to the results achieved in the study by Kim et al.
(19). Several other studies have reported a larger total of puncture
depth (up to 4-5 mm) (10, 12, 29).

The available literature on piezo-puncture method is relative-
ly scant. Therefore, no clinical trial on human population had
been conducted to assess the effectiveness of this method. The
only source of information available is an animal study by Kim
et al. (19) in 2013, which was performed on dogs to evaluate
the effectiveness of this particular method on the rate of tooth
movement and bone remodeling. Among the possible causes to
explain the difference between the results of these two studies,
we could point out the different bone structures that humans
and dogs possess. In addition, the measurement model applied
in the study by Kim et al. (19) was in accordance with the den-
tal and jaw situation of dogs, which is completely different from
that of a human study. Anatomical limits of a dog’s mouth make
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it completely impossible to install TPAs or springs to ensure gen-
eralizability. Moreover, the number of samples examined in that
animal study (6 experimental samples and 4 controls) was lower
than the present human study (17 samples).

According to the achieved results, although pain perception at the
early stages following piezo-puncture was higher on the experi-
mental side than on the control side, the difference was not statis-
tically significant. The pain induced by piezo-puncture might have
been clinically negligible. Of course, it should be mentioned that
the study followed a split-mouth design, and differentiation be-
tween the pain from surgery and that originating from the control
sides is difficult, and perhaps, somewhat confusing for the patient.

With respect to the cost/benefit ratio of the piezo-puncture
method, it should be mentioned that it is a relatively safe meth-
od, inducing the least amount of pain and discomfort for the
patient compared with more aggressive surgeries, such as corti-
cotomy. However, the piezo-puncture device should be available
in the dental clinic. Although this study did not show significant
benefits in favor of the applied method, modifying the protocol
of piezo-puncture including the number of punctures or repeat-
ing the punctures after a period or measuring the tooth move-
ment in shorter intervals may suggest the clinical efficiency of
the piezo-puncture method.

Basically, the intention to cut the soft tissue using the piezo tips
will result in crushing or bruising of the tissue rather than cut-
ting. It should be pointed out that in our study, the soft tissue
was penetrated by the sharp tips of the piezo blade. The OT6
piezo tip with its saw-shaped design allows the operator to pen-
etrate through the thin soft tissue of the gingiva or oral mucosa
with a gentle squeezing of the soft tissue between the points of
the tip and bone. Using this technique may cause less soft tis-
sue opening with no need of suturing, although if the soft tissue
is thick, the punches may join together, necessitating suturing.
We believe that the whole concept of piezo-puncture for tooth
movement acceleration is still far from being a standard and uni-
versally accepted technique, and therefore a standard and effec-
tive piezo-puncture method is yet to be developed.

The authors recommend future studies without split-mouth de-
sign to prevent the spreading of the RAP in the entire jaw. In addi-
tion, the study period should be considered more than 2 months.
Studies with repeated piezo-punctures at regular intervals are rec-
ommended to investigate the therapeutic benefits of piezo-punc-
ture procedure in orthodontic tooth movement. Further studies
with larger sample size are highly recommended. One of the lim-
itations of the study was using traditional measuring methods
rather than digitized or 3D measuring methods. Furthermore, only
two time-points were used to measure the amount of space clo-
sure per month; RAP is a time-limited process, and therefore the
acceleration period might have been missed in this study.

CONCLUSION

Considering the limitations of this in vivo study and according to
the protocol used, it appears that piezo-puncture did not have

a significant impact on the canine retraction rate, canine angu-
lation, amount of rotation, and discomfort levels during the first
month or at the two examination intervals following surgery
compared with the control side.
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ABSTRACT

Objective: The aim of our study was to evaluate apical root resorption and changes in tooth inclinations, marginal bone height, and
labio-lingual bone thickness at the mid-root and apical level in mandibular anterior teeth during the Forsus treatment using cone
beam computed tomography (CBCT).

Methods: CBCT scans of 16 subjects (8 males and 8 females) with Class Il malocclusion (age group: 13-29 years) taken before and 6
months after the Forsus treatment were evaluated for apical root resorption, tooth inclination, marginal bone height, and thickness
of bone at the mid-root and apical level in mandibular anterior teeth.

Results: There was statistically significant root resorption of central incisors (0.39 mm) and canines (0.66 mm); a decrease in the angle
of inclination for all teeth; an increase in the marginal bone measurement in labial (1.31 mm) and decrease in lingual (0.93 mm) aspect
at the canine region; and an increase in bone width by 0.87 mm and 0.75 mm in central and lateral incisor regions, respectively, at the
mid-root level lingually. At the apex level in the canine region, bone width increased by 1.4 mm labially, while it decreased by 2.18 mm
lingually; it increased significantly for incisors in the lingual region.

Conclusion: The Forsus appliance therapy causes clinically insignificant root resorption and bone changes, and clinically significant
proclination of mandibular anterior teeth. The findings of the present study aid clinicians in proper case selection and reinforce the
prevention of incisor proclination while using the Forsus therapy to achieve better treatment results and stability.

Keywords: Forsus, root resorption, tooth inclination, bone

INTRODUCTION

One of the keys to a successful orthodontic treatment is a detailed evaluation of treatment outcomes. Orthodon-
tically induced inflammatory root resorption (OIIRR) is a side effect of biological tissue response to tooth move-
ment (1). Forsus fatigue resistance device (FRD) is a fixed functional appliance that provides effective correction
of Class Il malocclusion by combining skeletal and dentoalveolar effects (2). While attempting to camouflage
a skeletal problem with moderate Class Il malocclusion, there will be tipping of lower incisors, which might be
detrimental to root length and bring about changes in the alveolar bone thickness around incisors (3).

There is literature available on root resorption following orthodontic therapy. However, most of studies use in-
traoral radiography, which misestimates the extent of resorption due to magnification errors (1, 3-5). The OIIRR
affects every aspect of tooth in three dimensions, hence two-dimensional images mask the true extent of re-
sorption. Cone beam computed tomography (CBCT) is a three-dimensional diagnostic modality capable of im-
aging complex craniofacial structures with a lower radiation dose compared to computed tomography (CT). The
diagnostic value of CBCT in the diagnosis of OIIRR lies in its ability to obtain distortion-free reproducible images
of roots with high sensitivity and specificity (3). It has the capability to collimate the primary beam to the area of
interest, thus reducing the unnecessary patient exposure.
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A systematic review and meta-analysis on randomized and
non-randomized studies with three-dimensional images in lin-
ear and volumetric OlIRR during and after orthodontic treatment
suggests that <1 mm of resorption is seen in an average tooth
with CBCT (6). However, there were considerable differences in
the amount of measured resorption seen according to tooth
category, jaw, incorporation of extraction in treatment plan, and
duration.

Another systematic review on Class Il malocclusion states that
the camouflage treatment mechanics subjects the teeth to
large apical displacement, which may lead to mild-to-moder-
ate root resorption (5). There is only one CBCT study on the as-
sessment of resorption in Class Il malocclusion treatment with
a fixed functional appliance, to the best of our knowledge (7).
Based on the results of this study, there was an evidence of sta-
tistically significant OIIRR affecting the tooth upon which the
Herbst appliance was anchored (upper and lower first molars).
In Forsus appliance therapy, the push rod is anchored anterior-
ly on a stainless steel archwire, just distal to the canine bracket.
This has a more direct mesializing force on the lower anterior
segment. There are studies for the assessment of apical root re-
sorption and tooth inclination changes after orthodontic treat-
ment in general (8-11). But, to the best of our knowledge, there
are no studies that precisely measure the effects of Forsus ap-
pliance therapy concentrating on the lower anterior dento-al-
veolar segment. The aim of the present study was to evaluate
the variations in root length, teeth inclination, and bone in the
mandibular anterior teeth with regard to accuracy provided by
the CBCT scanning technique.

METHODS

The Institutional Ethics Committee approved the study, and it was
registered with ClinicalTrials Registry-India (CTRI/2017/09/009865).
Sample size determination revealed that for the two-tailed test on
two groups, with an effect size of 0.75 for the root length, an alpha
level of 0.05, and a power of 0.8, a minimum of 16 subjects in each
group was required (G-Power software v. 3.1.9.2) (3, 12-14). The
means used to get the effect size of 0.75 were 20.37 mm of root
length before orthodontic treatment and 19.62 mm of root length
after orthodontic treatment with the standard deviations of 1.06
and 0.96, respectively (13-14).

The methology is presented in the PICO format.

Population/Patient (P): Seventeen subjects were recruited for
the study from the Department of Orthodontics and Dentofacial

Table 1. Baseline data of study subjects before the Forsus therapy

Orthopeadics, KLE Society’s Institute of Dental Sciences, Banga-
lore, India. All of them belonged to south Indian population. The
patients who fulfilled the following criteria were enrolled in the
study: 1) Class Il malocclusion; 2) with ANB ranging between 4
and 8°, and an overjet >4 mm; 3) decreased or optimal vertical fa-
cial height (FMA ranging from 17 to 34°); 4) lower incisors upright
on the basal bone (IMPA ranging from 89 to 100°); 4) post-pu-
bertal patients with cervical vertebral maturation index 6; 5)
minimal crowding in the mandibular arch (<2 mm) and good
periodontal status as assessed by panoramic radiograph; 6) the
presence of fully erupted permanent teeth, including second
molars with the exception of third molars; 7) none of the lower
anteriors were malformed, carious, fractured, or attrited; and 8)
non-syndromic patients. All patients and parents were informed
about the orthodontic treatment procedures throughout the
study, and signed informed consent was obtained. Table 1 shows
the baseline data of the patients included in the study. The study
group comprised of 17 post-pubertal patients (9 males, 8 fe-
males) in the age group 13-29 years.

Intervention (l): The treatment protocol was standardized us-
ing the MBT preadjusted appliance (3M Unitek Orthodontic
Products, Monrovia, Calif) with 0.022-inch slots. After leveling
and aligning of both the arches, 0.021X0.025-inch stainless
steel archwires were placed. The transpalatal arch in the max-
illa, second molar-to-second molar laceback and cinch-back of
0.021X0.025-inch stainless steel archwires enabled anchorage
reinforcement. This archwire was left in both arches for a peri-
od of 4 weeks before placement of the Forsus appliance. Forsus
FRD (3M Unitek Corp, Monrovia, CA, USA), that comes either in
a three-piece (L-pin module) or two-piece (EZ2 module) system,
was placed for a period of 6 months (mean, 6.23 months).

The patients were scanned in upright position using the CARE-
STREAM 9300 3D machine with a field of view of 5x5 cm (12), 90
kVp tube voltage, 6.3 mA tube current, and 9-micron isometric
voxel to obtain the CBCT images of the mandibular anteriors
region before (T0) and 6 months after the Forsus placement
(T1).

Comparison (C): One patient dropped out of the study, as he did
not report back for the treatment in the stipulated time frame
of the study. A total of 32 scans 16 each of pre- and post-Forsus
were analyzed to compare treatment effects on the lower ante-
rior region. The untreated control group was not included as it
is unethical to expose patient to radiation without proper indi-
cations.

95% CI
Mean Standard Deviation Minimum Maximum Lower Upper
SNA 82.53 4.92 71.5 90.0 79.91 85.16
SNB 77.91 3.52 71.0 85.0 76.03 79.78
ANB 4.81 1.55 25 8.0 3.99 5.64
FMA 26.09 4.54 17.0 34.0 23.68 28.52
IMPA 98.59 6.15 89.0 111.0 95.32 101.87
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Workstation: The CBCT data were exported in the DICOM for-
mat, and multiplanar reconstruction in axial, sagittal, and cor-
onal reconstructions were done using the CS 3D Imaging Soft-
ware v 3.5.7 on a workstation with Microsoft XP Professional SP-2
software (15). All measurements were made on the same system
by the same observer.

-10.Z7 mm
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The following parameters were evaluated using these imag-
es:

1. Apical Root Resorption: All the mandibular anterior teeth
were evaluated for root resorption. The axial guided navigation
method was used (Figure 1). It makes use of the axial cursor
movement three-dimensionally with axial and coronal multipla-
nar reconstruction (9, 11).

To make all the measurements of the apical resorption from stan-
dardized location for each tooth and to eliminate any bias due to
the attrition of anteriors during the course of treatment, the ce-
mentoenamel junction (CEJ) width and crown height were mea-
sured before Forsus therapy (at T0) in the sagittal plane. These
measurements were kept constant on the post-Forsus image (at
T1) for standardization. The root length was measured along the
long axis from CEJ to the root apex. The reduction in the values
in post-Forsus therapy (i.e., at T1) showed the amount of apical
root resorption.

2. Tooth Inclination: Tooth inclination was measured as an an-
gle formed between the long axis of a tooth and the horizontal
symphyseal baseline (11). The symphyseal baseline was drawn
by a line passing along the most convex surface on the outer
and inner margins in the symphyseal region in the sagittal plane
(Figure 2a) (16). Any difference in the measured angle between
pre- and post-Forsus therapy showed changes in the tooth incli-
nation (Figure 2b).

3. Bone Variations:

a) Marginal bone height: This is a direct distance measured in
the sagittal section from the CEJ to the coronal most aspect of
labial and lingual marginal crestal bone (Figure 3) (9).
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b) Bone thickness-“Simulated TO tooth position”: In post-treat-
ment CBCT images (at T1), it was observed that the tooth moved
counterclockwise due to proclination during the time frame of the
study (Figure 2. a, b). The proclination changed the tooth long-axis
orientation and gave a false-increased value of bone thickness la-
bially, especially in the apex region at T1 (as the axial cursor mark-
ing is dependent on the long axis of the tooth). To reorient the
cursor at TO position of tooth long axis, a clockwise compensatory
line was drawn in T1 image (Figure 4) at the CEJ long-axis intersec-
tion (at an angle equal to “the change in inclination of the tooth”
from TO to T1). This will be the new “simulated TO tooth position”

Turk J Orthod 2020; 33(1): 21-30

on T1 image. This was done for accurate measurement of bone
thickness at the mid-root and apical root level at T1 CBCT images.

A) At the mid-root level: First the mid-root was marked in sag-
ittal view at half of the total root length, as seen in Figure 5a (3).
The bone thickness at this level was measured in the correspond-
ing axial plane as a distance between the tooth circumferences
to the external cortical border both labially and lingually (Figure
5b). To evaluate bone thickness at the mid-root level in T1, the
above-mentioned “simulated tooth TO position” was drawn on
T1 image (Figure 4) and the mid-root level was kept constant (as
that of TO) for standardization. Then, bone thickness was mea-
sured in the corresponding axial view.

B) At the apical level: First, in the sagittal view (Figure 6a), the
root apical level was marked at 2 mm short of root length, to
eliminate any bias of root length loss during fixed functional
therapy (3, 17). The bone thickness at this level was measured in
the corresponding axial plane as a distance between the tooth
circumferences to the external cortical border, both labially and
lingually (Figure 6b). To evaluate bone thickness at the apical
root level in T1, above-mentioned “simulated TO tooth position”
was drawn on T1 image (Figure 4), and the apical root level was
kept constant (as that of TO) for standardization. Then, bone
thickness was measured in the corresponding axial view.

The Forsus was activated to the same amount bilaterally. Hence,
a single value obtained by the average of the right and left side
for each tooth was considered in every patient, and the same
was generated for the final statistical analysis.



Turk J Orthod 2020; 33(1): 21-30

Statistical Analysis

Measurements were reevaluated randomly after a 2-week interval
by the same-blinded examiner. Intraclass correlation coefficient (ICC)
was used to evaluate the error of the method. ICC showed good-to-ex-
cellent reliability (ICC, 0.81-1.00), indicating high reproducibility of
the method used for the study (Table 2). The Wilcoxon signed-rank
test was used to compare parameters at TO and T1. Spearman’s cor-
relation coefficient was used to analyze correlation between differ-
ent parameters. The level of significance was set at p<0.05. Statistical
Package for Social Sciences for Windows Version 22.0 (IBM Corp.; Ar-
monk, NY, USA) was used to perform statistical analyses.

RESULTS

Outcome (0): The root length of central incisors and canines
showed a statistically significant reduction by 0.039 mm and
0.66 mm, respectively, at T1 (Table 3). The angle of inclination
was reduced for all teeth (central incisor, 6.47° lateral incisor;
7.88°% canine, 8.69°).

A statistically significant increase by 1.31 mm and decrease by
0.93 mm in the marginal bone height measurement was seen in
the canine region at both the labial and lingual aspect, respec-
tively. A statistically significant decrease by 0.8 mm was also ob-
served at the lingual aspect of central incisors (Table 4).

At the mid-root level of the lingual aspect, a statistically signifi-
cant increase of bone width by 0.87 mm and 0.75 mm was found
in the central and lateral incisor region, respectively (Table 4).
Also, at the apical level in the lingual aspect, there was a statisti-
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cally significant increase of bone width by 0.48 mm and 0.41 mm
for the central incisor and the lateral incisor, respectively.

The bone width at apex in relation to canine showed a statistical-
ly significant increase by 1.40 mm on the labial aspect, whereas
there was a decrease by 2.18 mm on the lingual aspect (Table 4).

However, there was a statistically insignificant weak correlation
between the angle of inclination and other parameters (Table 5).

DISCUSSION

The incidence of OIIRR differs between various studies due to
different techniques used to quantify it (4,5,8,17,18). A system-
atic review suggests that majority of incisors experienced mild
to moderate OIIRR in treated Class Il division 1 malocclusions (5).
Samandara et al. (6) observed the greatest amount of OIIRR in
central incisors (0.82 mm). Another study on root resorption that
used panoramic radiographs showed 67.3% of moderate and
42.9% of severe root resorption of incisors (4).

Although the canine tooth has a good crown-to-root ratio and is
capable of tolerating high occlusal forces, we found the highest
(0.66 mm with p=0.001) root resorption of canines (Table 3), (19).
One of the reasons for this observation could be because they
are closer to the site where the rod of the Forsus FRD appliance is
engaged on the lower arch, hence subjected directly to the push
force compared to incisors. This is in accordance with a study
on the Herbst appliance, where it was concluded that it delivers
unphysiologic forces to immediate anchor teeth, thereby expos-
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Table 2. Intra-examiner reliability assessment of parameters at pre- and post-Forsus therapy using intra-class correlation (ICC) statistic

T0 T1

95% Conf. Interval 95% Conf. Interval
Parameters ICC Lower Upper Reliability ICC Lower Upper Reliability
RL_CI 0.97 0.87 0.99 Excellent 0.99 0.98 1.00 Excellent
RL_LI 0.96 0.86 0.99 Excellent 0.95 0.91 0.98 Excellent
RL_CN 0.98 0.94 0.99 Excellent 0.99 0.98 0.99 Excellent
Al_Cl 0.98 0.94 0.99 Excellent 0.95 0.86 0.99 Excellent
Al_LI 0.85 0.78 0.99 Good 0.98 0.95 1.00 Excellent
AI_CN 0.81 0.70 0.98 Good 0.84 0.33 0.97 Good
MBHL_CI 0.99 0.94 1.00 Excellent 0.97 0.94 0.99 Excellent
MBHL_LI 0.98 0.93 0.99 Excellent 0.98 0.96 0.99 Excellent
MBHL_CN 1.00 0.99 1.00 Excellent 0.98 0.97 1.00 Excellent
MBHLI_CI 0.96 0.86 0.99 Excellent 1.00 0.98 1.00 Excellent
MBHLI_LI 0.99 0.98 1.00 Excellent 0.97 0.95 0.99 Excellent
MBHLI_CN 0.95 0.91 0.98 Excellent 0.99 0.97 1.00 Excellent
MRBL_CI 0.91 0.81 0.98 Excellent 0.86 0.66 0.93 Good
MRBL_LI 0.90 0.64 0.94 Good 0.88 0.68 0.97 Good
MRBL_CN 0.86 0.52 0.96 Good 0.85 0.65 0.93 Good
MRBLI_CI 0.80 0.47 0.92 Good 0.88 0.57 0.99 Good
MRBLI_LI 0.93 0.90 0.96 Excellent 0.89 0.70 0.97 Good
MRBLI_CN 0.88 0.69 0.97 Good 0.94 0.84 0.98 Excellent
ABL_CI 0.89 0.70 0.97 Good 0.88 0.47 0.94 Good
ABL_LI 0.89 0.85 0.92 Good 0.94 0.84 0.98 Excellent
ABL_CN 0.98 0.97 1.00 Excellent 0.90 0.68 0.97 Good
ABLI_CI 0.93 0.90 0.96 Excellent 0.88 0.56 0.95 Good
ABLI_LI 0.83 0.55 0.95 Good 0.96 0.92 0.99 Excellent
ABLI_CN 0.92 0.88 0.96 Excellent 0.97 0.95 1.00 Excellent
ICC: intraclass correlation coefficient; Cl: central incisor; CN: canine; LI: lateral incisor; RL: root length; Al: angle of inclination; MBHL: marginal bone height labial;
MBHLI: marginal bone height lingual; MRBL: mid-root bone width labial; MRBLI: mid-root bone width lingual; ABL: apex bone width labial; ABLI: apex bone width
lingual

Table 3. Comparison of mean, median, minimum and maximum values of root length (in mm) and angle of inclination (in °) for lower anterior

teeth between pre- and post-Forsus phase by the Wilcoxon signed-rank test

To T1

T1-ToO

95% Conf. Interval

Variable Tooth Mean Median Min Max Mean Median Min Max Mean Median Min Max Lower Upper p-value
RL @ 11.15 11.7 89 1285 10.76 1045 85 1415 -039 -125 -04 -13 -11 -.68 0.01*
LI 11.61  11.95 93 139 1161 1160 88 134 000 -035 -05 -05 130 -1.30 1.00

CN 13.94 14.2 11.15 168 13.28 1355 10.1 1475 -066 -065 -1.05 -205 -53 -79 0.001**

Al @ 69.16 63.5 53 965 62.69 6255 405 865 -647 -095 -125 -10 -3.79 -9.15  0.001**

LI 71.00 72.2 535 995 63.13 655 425 875 -7.87 -6.7 =1 -12 -5.02 -10.7  0.001**

CN 7269 67.7 585 96 64.00 645 495 87  -8.69 -3.2 -9 -9 -6.25  -11.13  0.001**

RL: root length; Al: angle of inclination; CI: central incisor; CN: canine; LI: lateral incisor
*Statistically significant, **Highly significant

ing them to a higher risk of root resorption (20). However, in our
study, we have not included the evaluation of teeth in posterior
segment. Molars also being the anchor teeth would have shown
significant resorption.

Narendran et al. (21) reported a prospective CBCT study on the
effects of Class Il malocclusion treatment with the Powerscope

and Forsus FRD appliance. According to the results of this study,
both the appliances lead to a statistically significant amount of
linear and volumetric root resorption in all maxillary first molars
and mandibular anteriors (p=0.001). The mandibular anteriors
showed lesser extent of root resorption in subjects treated with
a Forsus appliance than those treated with Powerscope, because
the latter is secured to the archwire, and hence, stronger hori-
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Table 4. Comparison of the mean median, minimum, and maximum values of marginal bone height, mid-root bone width, and apex bone width

in labial and lingual regions (in mm) for lower anterior teeth between pre- and post-Forsus phase by the Wilcoxon signed-rank test

TO T1

T1-TO

95% Conf. Interval

Variable Tooth Mean Median Min Max Mean Median Min Max Mean Median Min Max LOWER UPPER p-value
MBH Cl Labial 6.94 7.22 495 895 6.94 7.22 0 935 0.00 0 -495 04 .90 -90 1.00
Lingual 2.58 245 055 7.5 1.78 172 025 325 -080 -073 -03 -425 .50 -1.80  0.01*
LI Labial 6.48 6.95 43 88 7.12 7.35 0.75 103 0.64 0.4 -3.55 15 1.63 -.355 0.14
Lingual 2.28 2.15 0 74 1.93 1.65 0 755 -035 -0.5 0 0.15 .70 -1.39 0.26
CN Labial 4.50 535 1.0 79 5.80 6.1 1.6 815 1.30 0.75 06 0.25 2.11 51 0.006*
Lingual 2.40 1.6 1 6.5 1.47 0.87 04 49 -093 -073 -06 -16 12 -1.99  0.01*
MRB Cl Labial 0.02 0 0 0.3 0.01 0 0 0.1 -0.01 0 0 -0.2 .03 -.06 0.66
Lingual 1.20 1.7 0.1 295 207 2.10 0.1 4.0 0.87 0.4 0 1.05 1.17 .57 0.001**
LI Labial 0.15 0 0 1.1 0.14 0 0 075 -0.01 0 0 -035 .09 =11 0.94
Lingual 0.98 0.82 02 20 1.73 1.62 065 3.65 0.75 0.80 045 1.65 1.04 45 0.001**
CN Labial 0.67 0.32 0 3.8 0.77 0.37 0 345 0.10 0.05 0 -035 77 -.56 0.21
Lingual 1.57 157 015 325 165 1.5 02 345 008 -007 0.05 330 .28 -.12 0.86
AB Cl Labial 0.97 0.92 0 215  1.29 1.32 0 3.8 0.32 0.4 0 1.65 74 -.10 0.15
Lingual 2.41 2.15 0 585 2.89 2.70 03 638 0.48 0.55 03 0.95 1.12 -14 0.02*
LI Labial 2.00 1.47 045 4.05 2.28 1.97 0 6.7 0.28 0.5 -045 2.65 .65 -10 0.19
Lingual 1.63 1.47 045 4.05 204 1.62 06 58 0.41 0.5 0.15 1.75 71 12 0.008*
CN Labial 3.11 2.17 0.1 3.15 451 4.40 03 78 1.40 2.23 0.2 4.65 1.86 95  0.0071**
Lingual 3.64 2.17 0.1 3.15 146 1.32 0 415 -218 -08 -0.1 -1.0 43 -4.80 0.002*

MBH: marginal bone height; MRB: mid-root bone width; AB: apex bone width; Cl: central incisor; CN: canine; LI: lateral incisor

*Statistically significant, **Highly significant

Table 5. Spearman's correlation statistics to assess the relationship between the angle of inclination and other study parameters for different

Inclination Root Resorption MBH Labial MBH Lingual MRB Labial MRB Lingual AB Labial AB Lingual
Rho P-Value Rho P-value Rho P-Value Rho P-Value Rho P-Value Rho P-value Rho p-Value

Cl 0.27 0.31 -0.04 0.89 -0.05 0.85 -0.44 0.09 0.46 0.08 -0.36 0.18 0.05 0.86

LI -0.25 0.35 0.04 0.89 0.22 0.41 0.29 0.27 -0.33 0.21 0.45 0.08 0.18 0.50

CN 0.17 0.53 -0.15 0.58  -0.03 093 -020 046 026 033  -0.09 074 031 0.24

Cl: central incisor; CN: canine; LI: lateral incisor; MBH: marginal bone height; MRB: mid-root bone width; AB: apical bone width

The correlation coefficients are denoted by Rho.
Correlation coefficient range

0.0: No Correlation

0.01-0.40: Weak correlation

0.41-0.70: Moderate correlation

0.71-1.00: Strong correlation

zontal force vectors cause more resorption. The Forsus appliance
is placed on 19X25 stainless steel lower arch wires with added
10° of labial root torque to minimize proclination (21). However,
in our study, we make use of 21X25 stainless steel archwires to
ensure a rigid anchorage unit before the engagement of Forsus
appliance so as to minimize deleterious effects on anchor teeth.

In our study, canines showed maximum proclination compared
to other teeth. Orthodontic camouflage of a Class Il malocclu-
sion with fixed functional appliance therapy often leads to pro-
clination of the mandibular incisors (6-18). Our findings are in ac-
cordance with other studies, which show significant proclination

post-Forsus ranging from 5.0° to 6.2° (2, 22). In a cephalometric
study, Hansen et al. (23) reported 10.8° of proclination and an-
terior movement of the incisal edge by 3.2 mm with the Herbst
appliance. In the present study, CBCT scans enabled us to evalu-
ate the inclination change of individual anterior teeth, which is
impossible with two-dimensional images.

The post-pubertal subjects in our study belonged to a wide-
range age group, ranging from 13 to 29 years, which included
both non-growing and younger patients with a residual growth
potential. This would not have affected our study results, as the
correction achieved in growing patients with post-pubertal mat-
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uration status is same as that in adults, that is, by mandibular
dentoalveolar proclination (24). However, the growing patients
may have unstable occlusion after the orthodontic treatment,
unlike adults whose results would be retained better due to sta-
ble interdigitation, which prevents unfavorable occlusal changes
post-debonding (25).

The substantial amount of proclination of anteriors is a concern
in all age-group patients. The clinician must be cautions consid-
ering the initial inclination of lower anteriors before treatment
initiation. We recommend the use of pre-torqued 0.021x0.028-
inch stainless steel archwire in lower arch (which provides 6° lin-
gual crown torque in the anterior segment)/use of —6° torque on
mandibular anterior brackets or use of miniscrews to minimize
the proclination post-therapy (2).

The marginal bone height and thickness of bone encapsulating
the tooth are important factors to be considered to evaluate the
response of tooth to the FRD force (26). In the present study,
the marginal bone height measurement increased labially and
decreased lingually at T1 for all the anteriors, indicating labial
resorption and lingual deposition, respectively (Table 4). These
findings indicate that the mandibular incisors proclination is
associated with vertical bone loss (26, 27). However, statistical-
ly significant findings for marginal bone height were seen only
with respect to canines (both labially and lingually) and in lin-
gual aspect for central incisors, which is related to the proclina-
tion of teeth at T1, although they are clinically insignificant.

The thickness of bone where the tooth is embedded affects its
response to force and visa-versa. We found a varied response to
force by different tooth groups. If initially TO, the tooth was closer
to the labial cortical bone, and labial marginal bone height was
less; the bone thickness at the mid-root and apical level reduced
in the labial aspect at T1 time frame. Also, the tooth translated la-
bially at T1 due to least bony resistance but did not change the
inclination much. On the other hand, if the tooth had a good
cortical bone thickness labially and marginal bone height and at
TO; experienced tipping (that is, inclination change causing pro-
clination) along the bony fulcrum (located at the labial marginal
bone height). So at T1, translation moved the tooth as a whole
labially, and compensatory bone deposition occurred on the lin-
gual aspect, increasing the lingual bone thickness, as observed in
the incisors region (Table 4). However, tipping moved the coronal
portion of the root labially, while pushing the root apex lingually,
thereby increasing the bone thickness labially and decreasing it
lingually, especially at the level of canine apex (Table 4), (27).

Considering the above explanation, it is now clearer that the lin-
gual bone thickness both at the mid-root and apical regions for
incisors increased significantly, showing that TO incisors might
not have had a good labial cortical bone thickness, which would
have caused their bodily movement in the labial direction along
with some proclination at T1, which is detrimental to periodon-
tal support. In addition, a statistically significant decrease in the
bone thickness on the lingual aspect at the apical region of ca-
nines shows that due to a good labial cortical bone thickness at
TO, they have tipped more than incisors (by 8.69°, Table 3). These
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detailed findings highlight the importance of the labial cortical
thickness as a crucial parameter to be considered for case selec-
tion prior to Forsus placement.

The standardization technique used in our study was predict-
able, stable and reconstructable anytime during our study. We
could effectively achieve the individualized values for every
tooth studied. The consideration was given to the proclination
of teeth post-Forsus. To measure the bone thickness at the same
level, “simulated TO tooth position” was constructed, which was
not done in the previous study (3). We have measured the root
resorption from CEJ to root apex to prevent bias of any loss of
the incisal edge in the study time frame (9).

The changes in bone are not inflammatory in nature as the bone
height distal and mesial to tooth was within physiologic limits
(28). It is has been documented that there is always some lag in
the bone remodeling in response to tooth movement (29, 30).
The alveolar bone has a bending capacity, and the orthodontic
mechanotherapy induces alveolar bone distortion, which alters
electric environment and initiates highly synchronized changes
in the bone (29, 30). In this process, the alveolar bone retains its
structural characteristic size through coordinated apposition
and resorption. Hence, future CBCT studies on long-term chang-
es induced by the Forsus appliance are recommended with a
control group to evaluate the appositional bony repair and re-
modeling post-Forsus.

There was some weak positive correlation between the angle
of inclination and root resorption of central incisors (Rho val-
ue, 0.27) and canines (Rho value, 0.17). Also, there was a weak
correlation between the angle of inclination and bone chang-
es, which was statistically insignificant (Table 5). This could have
been because many factors such as periodontal environment,
gingival type, and others influence alveolar bone changes (26).
In a CT study by Garlock et al. (27), a similar weak positive cor-
relation between the facial bone height and change in the apex
position owing to the proclination of teeth was found.

An additional observation in the present study was surface
root resorption, which led to a decrease in root thickness when
viewed in the axial plane, especially in the apical region (31). This
kind of resorption was more profound when the root surface
was in close approximation to cortical bone at T0. The micro-CT
scans enable volumetric evaluation of resorption craters, which
can be a future scope of study (32).

Despite the excellent clinical relevance of the present study,
we could not standardize the size of the Forsus FRD appliance
as it varied according to the severity of patient’s malocclusion.
Although we took into consideration pubertal maturation, the
age range of patients was wide, and the sample size was small
(although it was minimal required to achieve clinically relevant
results). The study also lacks a control group, but in that case,
patients with skeletal Class Il malocclusion would have to be left
untreated, which would cause an ethical dilemma. The small fo-
cal of view reduced the availability of routinely used stable crani-
al anatomical structures needed for standardization.
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We recommend a future randomized clinical trial using CBCT
scans on Class Il malocclusion patients with a narrower age group
treated with the Forsus appliance with a larger sample size to
evaluate long-term changes induced by the appliance. This will
also provide additional information on appositional bony repair
and remodeling in the lower anterior region post-Forsus.

CONCLUSION

« Forsus FRD appliance therapy showed statistically significant
but clinically insignificant apical root resorption of mandibu-
lar canines.

« After Forsus FRD appliance therapy, statistically and clinically
significant proclination of mandibular anterior teeth was ob-
served.

« After Forsus FRD appliance therapy, clinically insignificant
changes in the marginal bone height were observed.

» The teeth with good labial bone thickness are a pre-requisite
for Forsus FRD therapy to prevent future bone and periodon-
tal problems and to maintain a good long-term stability.
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ABSTRACT

Objective: Children with attention-deficit hyperactivity disorder (ADHD) are known to have several oral health problems, particularly
traumatic dental injuries, decayed or filled teeth, and poor oral hygiene. The objective of the present study was to determine the
ADHD symptoms in a group of patients with malocclusion and receiving orthodontic treatment.

Methods: A total of 88 subjects with a diagnosis of malocclusion between aged 8 and 17 years were included in the study. Socio-de-
mographic characteristics, breastfeeding history, oral habits, and dental trauma history of the subjects were acquired by a detailed
questionnaire. Subjects and their parents completed questionnaires addressing ADHD, other psychiatric problems, and dental health
impact on the quality of life. During the orthodontic examination, the Index of Complexity, Outcome, and Need was applied to con-
firm the diagnosis of malocclusion.

Results: Parent-reported psychiatric complaint occurred in almost half of the patients (n=38, 43.2%); the most frequent psychiatric
complaints were inattention (n=22, 25%), opposition (n=13, 14.8%), and hyperactivity (n=11, 12.5%). The estimated ADHD prevalence
according to parent measure was 15.9% (n=14). Self-report measures revealed that 18.4% (n=16) had behavioral symptoms. The most
affected quality of life domain was psychological discomfort.

Conclusion: The findings indicate that ADHD prevalence in children with malocclusion is high. The orthodontists should have a keen
eye on behavioral problems.

Keywords: Attention-deficit hyperactivity disorder, malocclusion, behavior, orthodontics

INTRODUCTION

Attention-deficit hyperactivity disorder (ADHD) is a neurodevelopmental disorder characterized by persistent
inattention, impulsivity, and hyperactivity. It begins in childhood and interferes with significant functional and
developmental impairment (1). It is considered as one of the most common chronic health conditions in school-
aged children, with a worldwide prevalence of 5.3% (2). Despite being consistently diagnosed in childhood, it
contributes to lifelong impairment in the quality of life, as cognitive and behavioral symptoms mostly persist into
adulthood. ADHD etiology is considered multifactorial and heterogeneous, with an important contribution from
genetic factors. Itis a highly heritable disorder in the range of 60%-90%. Along with genetic risk factors, there are
many environmental factors associated with ADHD symptoms, such as prenatal exposure to nicotine and alco-
hol, premature birth, and low birth weight, as well as low socioeconomic status (1, 3). Some studies demonstrate
an association between ADHD and insufficient breastfeeding, whereas some dispute (4, 5).

Dental problems in children with ADHD have been widely investigated. Children with ADHD have more frequent
dental visits than those without ADHD. Some studies have found higher Decayed Missed Filled Tooth (DMFT)
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scores, whereas some have found no significant differences (6-
9). However, a recent meta-analysis revealed that children with
ADHD had significantly more decayed surfaces in permanent
teeth, higher plaque scores, and higher dental trauma risk (10).

It has been shown that children with ADHD have worse oral hy-
giene status and tooth pain and bruxism is more frequent (6, 7,
11, 12). Non-nutritive sucking habits, such as nail biting, lip biting,
bottle-feeding, and pacifier use, were observed more frequently
in children with ADHD than in those without ADHD (4, 11). The re-
search consistently demonstrates that there is a significant link be-
tween traumatic dental injuries (TDIs) and ADHD (10, 13).In some
studies, this difference was not evident (12, 14). However, this
controversy may be explained by the fact that the ADHD groups
of these studies were recruited from psychiatry departments as
already having an ADHD diagnosis at the time of the study. All
of the children in the ADHD group were under pharmacological
treatment for ADHD in Chau et al. (10) study and under behavioral
therapy or pharmacotherapy in Altun et al. (14) study. It is well-es-
tablished that the appropriate treatment of ADHD may result in
diminished symptoms and fewer injuries (3).

In a review analyzing the oral-pharyngeal conditions relating
to ADHD, it was suggested that there might be a link between
ADHD and malocclusion, which are both well-established risk
factors for TDIs (15). Additionally, breastfeeding duration and
non-nutritive oral habits are associated with both ADHD and
malocclusion (16, 17). It has been shown that children with
ADHD have a narrower dental arch and higher prevalence of
posterior cross-bite than those without ADHD (18). A recent
study comparing dental and skeletal age between children with
ADHD regarding methylphenidate use found that methylpheni-
date did not cause a delay (19).

Behavioral management and treatment compliance of children
with ADHD have been shown to be challenging, and there is an
increasing data in the research area about these difficulties and
probable solutions to this problem, though we still do not know
the ADHD prevalence in children with malocclusion (9, 11, 20,
21). Thus, the aim of the present study was to identify the ADHD
symptoms and prevalence in children with malocclusion receiv-
ing orthodontic treatment and to investigate the probable asso-
ciation between ADHD and malocclusion.

METHODS

Subjects

This was a cross-sectional, descriptive design study conducted
from April 2015 to August 2015. The study was approved by the
local ethics committee (approval no.: 09.2015.112, 70737436-
050.06.04). The authors informed all of the subjects about the
details of the procedure. Written informed consent was obtained
from one parent of each patient, and children’s verbal consent
was taken.

A convenience sampling method was used; a total of 100 con-
sequent subjects who were newly referred to the orthodon-
tics clinic for malocclusion and had an Index of Complexity,

Outcome, and Need (ICON) score >43 during the diagnostic
orthodontic examination were enrolled in the study. The ICON
cut-off score was established because it is the cut-off value to
decide the treatment need for malocclusion in Turkey (22). The
age range of the participants was determined to be between 8
and 17 years according to the formal education period in Turkey
and developing the ability of understanding the questionnaires.
Children with an intellectual disability, a positive history of cleft
lip/palate, or a seizure disorder were excluded from the study.
Of the 100 subjects presented to the orthodontics clinic during
the study period, 12 were included due to the lack of consent for
the study. The participation percentage was 88%. Only the new
referrals were included not to rely on retrospective data about
malocclusion.

Data Collection

A qualified orthodontist examined all subjects. During the den-
tal examination, orthodontists determined malocclusion classes
according to Angle criteria, oral hygiene status, and TDI history.
Oral hygiene was determined as bad, moderate, and good. The
presence and the number of TDIs were noted. The authors col-
lected socio-demographic information using a form designed
for the study. The first author, a trained child and adolescent psy-
chiatrist, conducted the scales during an interview format rather
than a questionnaire format. The in-person interview has been
found to provide more reliable data (23).

Measures

The authors filled out the socio-demographic form during an in-
terview with the parents. It included the subjects’ age, gender,
and perceived socioeconomic status. This form also determined
the subjects’ breastfeeding history and current or previous psy-
chiatric complaints. The parents completed the Swanson, Nolan,
and Pelham (SNAP)-IV Rating Scale, the Strengths and Difficul-
ties Questionnaire (SDQ), and the Oral Habits Questionnaire; the
children completed the SDQ and the Oral Health Impact Profile
(OHIP)-14.

The SNAP-IV Rating Scale, derived from the Diagnostic and Sta-
tistical Manual of Mental Disorders-IV criteria for ADHD, is a Likert
questionnaire consisting of 18 items. Parents rate each item from
0 to 3 according to symptom frequency. The original version of
the SNAP-IV has been used in clinical trials (The MTA Coopera-
tive Group, 1999) and in community surveys to identify children
with probable ADHD in other countries (24). The Turkish version
has also been used in large-scale community studies to identify
ADHD prevalence (25-27). The ADHD prevalences found in the
studies using the SNAP-IV were similar with studies using struc-
tured diagnostic interviews (27). The parent form has profound
psychometric features with coefficient alpha values of 0.94 for
total score, 0.90 for inattention score, and 0.79 for hyperactivity
score. The Turkish version of the questionnaire has been shown
to be valid and reliable; and a per item score >1.2 is a positive
determinant for ADHD clinical threshold (25).

The SDQ is a brief behavioral screening questionnaire that de-
termines children’s and adolescents’ symptoms and positive
attributes. It consists of 25 questions that belong to five sub-
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scales: emotional symptoms, conduct problems, hyperactivity/
inattention, peer relationship problems, and prosocial behavior.
All items can be scored from 0 to 2, and the sum of the first four
scales generates a total difficulties score. The cut-off scores for
the subscales were determined by the developers. The SDQ has
an impact supplement that was not used in the present study.
Five minutes is required to complete the form, and it has solid
psychometric properties and can be used as a reliable guide for
child psychiatric cases in population studies. The cross informant
correlations were found to be higher than other relevant scales
(28). There are child/adolescent, parent, and teacher versions.
The validity and reliability study of the Turkish translation of the
SDQ has been previously conducted (psychometric properties of
the Turkish version of the SDQ). SDQ was found to be efficient
to measure psychopathology in a nationwide study, which com-
pared the SDQ with a structured diagnostic interview (24). Cron-
bach’s alpha values those that estimate the internal consistency
of the parent and child versions were 0.84 and 0.73, respectively.
In the present study, the parent and child versions were used.

OHIP-14 is a self-rated questionnaire that measures the per-
ceived impact of oral health on the quality of life using 14 ques-
tions pertaining to seven subscales: functional limitation; phys-
ical pain; psychological discomfort; physical, psychological, and
social dimensions of disability; and handicap dimension. Higher
scores represent higher severity of the problem and lower qual-
ity of life. Each item is answered from 0 to 5 according to the
frequency of the problem. The Turkish adaptation of the OHIP-14
has been conducted and found to be valid and reliable (29).

The Oral Habits Questionnaire developed for an earlier study (4)
consists of items pertaining to the breastfeeding period; bot-
tle-feeding experiences; non-nutritive sucking habits, such as
thumb sucking or pacifier use; and parafunctional oral habits,
such as nail biting and mouth breathing.

Statistical Analysis

Statistical Package for the Social Sciences software version 21.0
(SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Sta-
tistical analysis was conducted to compare the groups according
to gender and ADHD diagnosis. Categorical variables were ex-
pressed as frequency and percentage, and continuous variables
were expressed as mean and standard deviation for the evalua-
tion of the descriptive data. Independent sample t-test, Mann-
Whitney U test, Spearman test, and Pearson correlation test were
used according to the nature of the data. A probability level of
p<0.05 was regarded as statistically significant.

Data from 12 subjects who did not complete the questionnaires
were excluded in the analyses.

RESULTS

The analyses were conducted on 88 subjects; the study group
consisted of 47 (53.4%) female and 41 (46.6%) male individuals.
The average age of the study group was 12.9£2.5 years. Perceived
socioeconomic status was low in 18 (20.5%) subjects, medium in
58 (65.9%) subjects, and high in 12 (13.6%) subjects. Of the 88

subjects, 25% (n=22) had Class | malocclusion, 47.7% (n=42) had
Class Il malocclusion, and 27.3% (n=24) had Class Il malocclu-
sion according to Angle’s classification. Thirty-five (39.8%) sub-
jects had good oral hygiene, 36 (40.9%) subjects had moderate
oral hygiene, and 17 (19.3%) subjects had bad oral hygiene. A
positive TDI history was seen in 14 (16.1%) subjects; 2 subjects
had more than one TDI.

Psychiatric complaint, as identified with the clinical intake form,
occurred in 43.2% (n=38) of the subjects; 23.8% (n=21) subjects
had more than one complaint. The most frequent complaints
were inattention (n=22, 25%), oppositional behavior (n=13,
14.8%), and hyperactivity (n=11, 12.5%). Nine (10.2%) subjects
had a prior psychiatric diagnosis, and 12 (13.6%) subjects had a
prior psychiatric referral.

The mean SNAP-IV scores of the subjects are presented in Ta-
ble 1. Fourteen (15.9%) subjects had a SNAP-IV per item score
>1.2, which is the clinical threshold for ADHD. The distribution
of probable ADHD, as identified with the SNAP-IV, according to
gender was 7 (14.9%) girls and 7 (17.1%) boys.

According to the self-rated version of the SDQ, 18.4% (n=16) of
the subjects scored higher than the cut-off value (abnormal)
for total difficulty score. The percentages of subjects iden-
tified as abnormal in the hyperactivity/attention problems,
conduct problems, emotional problems, and peer relationship
problems subscales were 17.2% (n=15), 17.2% (n=15), 13.6%
(n=12), and 23% (n=20), respectively. For the prosocial behav-
ior subscale, 9.2% (n=8) of the subjects scored lower than the
cut-off value.

According to the parent version of the SDQ, 25.3% (n=21) of the
subjects were identified as abnormal in the total difficulty score.
The percentages of the subjects identified as abnormal for the
hyperactivity/inattention problems, conduct problems, emo-
tional problems, and peer relationship problems subscales were
14.5% (n=12), 20.5% (n=17), 31.3% (n=26), and 53% (n=43), re-
spectively. For the prosocial behavior subscale, 9.6% (n=8) of the
subjects scored abnormal according to the parent reports.

Total scores from the OHIP-14 ranged from 0 to 36 with a mean
of 8.62+6.92. Subscale mean scores were 0.68+0.99 for function-
al limitation, 1.61+1.86 for physical pain, 2.30+1.79 for psycho-
logical discomfort, 0.78+1.20 for physical disability, 1.52+1.57
for psychological disability, 1.14+1.60 for social disability, and
0.56+1.15 for handicap. The association between OHIP scores
and ADHD is presented in Table 2.

Table 1. Parent SNAP-IV per item scores of the subjects (n=88)

Girls (n=47) Boys (n=41)
Mean+SD Mean+SD p
Inattention 0.67+0.49 0.62+0.47 0.370
Hyperactivity 0.76+0.54 0.85+0.64 0.528
Total 0.72+0.46 0.73+£0.46 0.698
SNAP-IV: Swanson, Nolan, and Pelham-IV Rating Scale
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Table 2. The relationship between OHIP scores and ADHD

ADHD Non-ADHD
(n=14) (n=71)
r r p

OHIP-functional limitation 53.50 40.93 0.044*
OHIP-physical pain 37.86 44.01 0.373
OHIP-psychological discomfort  40.82 4343 0.713
OHIP-physical disability 49.00 41.82 0.258
OHIP-psychological disability 39.75 43.64 0.574
OHIP-social disability 47.43 42.13 0.424
OHIP-handicap 44.71 42.66 0.726
OHIP total 46.04 42.40 0.614
*p<0.05, Mann-Whitney U test

Table 3. Correlation between ADHD and dental trauma among
genders

TDI presence No. of TDIs
Girl Boy Girl Boy
SNAP-IV
Parent r 0.192 0.011 0.204 0.011
p 0.205 0.949 0.179 0.949
SDQ
Parent r 0.512 —-0.016 0.516 -0.016
p 0.001** 0.927 0.001** 0.927
Self-rated  r 0.355 0.015 0.378 0.015
p 0.014* 0.927 0.009* 0.927
r: Correlation coefficient.
*p<0.05.
**p<0.01.

Of the 88 subjects, 92% (n=81) were breastfed; mean breastfeeding
duration was 12.09+8.91 months. Bottle-feeding ratio was 70.5%
(n=62); mean bottle-feeding duration was 14.41+13.38 months.
Pacifier use history was present in 50% (n=44) of the subjects; mean
pacifier use duration was 12.52+9.14 months. As identified with the
Oral Habits Questionnaire, 12.5% (n=11) of the subjects had thumb
sucking, 34.1% (n=30) had nail biting, 23.9% (n=21) had lip biting,
19.3% (n=17) had pencil biting, 25% (n=22) had bruxism, and
54.5% (n=48) had mouth breathing in the past or present that last-
ed >6 months. There was a relationship between probable ADHD,
as identified with the SNAP-IV, and thumb sucking (p=0.013), nail
biting (p=0.014), and pencil biting (p=0.001) habits, as identified
with the Oral Habits Questionnaire. Durations of breastfeeding,
bottle-feeding, and pacifier use were not significantly related with
probable ADHD, as identified with the SNAP-IV (p=0.454, p=0.775,
and p=0.408, respectively). According to the SDQ parent and
self-report scores, dental trauma history frequency was positively
correlated with ADHD symptom scores in girls but not in boys. That
correlation was not evident in parent SNAP-IV (Table 3).

DISCUSSION

In our study, we recruited subjects according to treatment need
using an ICON cut-off score of 43. The mean age of the subjects

was 12.942.5 years, and the female-to-male ratio was 1:14; these
numbers are consistent with data from epidemiological studies
of malocclusion. In one of those studies, the age range of peak
orthodontic treatment need was 13-14 years, and in the other,
the age range of orthodontic patients receiving clinical care was
13.4£2.3 years (30). Therefore, we assume that our subjects repre-
sent the population characteristics of patients with malocclusion.

Among the 88 subjects, 43.2% (n=38) had at least one psychi-
atric complaint, as identified with the clinical intake form, and
only 13.6% (n=12) had a previous psychiatry referral. The ratio
of subjects who had a prior psychiatric referral in the group who
had psychiatric complaints was 26.3%. The referral rate of chil-
dren with at least one psychiatric complaint is one-fourth, which
represents the service gap in mental health service and liaison
between dentistry and psychiatry.

The prevalence of children who were ever breastfed was 92% in
our study group. Compared with the national estimated rate of
breastfeeding of 96%, this is a relatively low rate (Turkish Statis-
tical Institute, Turkish Health Survey, 2012). Bottle-feeding prev-
alence in our study group was 70.5%, which was substantially
higher than the national prevalence of 41% (Turkish Statistical
Institute, Turkish Health Survey, 2012).

A positive TDI history was present in 16.1% (n=14) of the sub-
jects. In the literature, there is no consistent prevalence for TDI,
but according to the World Health Organization report, TDI prev-
alence in industrialized countries is 4%-33% (31). We found an
association between ADHD, as identified with the SNAP-IV, and
TDI, which is in agreement with recent studies of the relation-
ship between ADHD and TDI (10, 12, 13, 32). The association of
TDI and ADHD was significant in girls but not in boys; there are
no data showing female gender as a risk factor for TDI in ADHD.
However, there is a study regarding female gender as a greater
risk factor for unintentional injuries in children with ADHD (33).

On the OHIP-14, the psychological discomfort subscale had the
highest score, indicating that the psychological impairment
had the most severe impact on life quality. Supporting our find-
ing, another study also found emotional well-being and social
well-being to be the lowest domains in the oral health quality
of life assessment (34). In a study investigating patient expec-
tations from orthodontic treatment, general health, oral func-
tionality, aesthetic appearance, and social functionality were the
prominent items (35). It is understood that mental health is a
matter of clinical importance in patients with malocclusion, and
clinicians should maintain vigilance for psychological-psychiat-
ric symptoms. As understood from the above list of psychiatric
complaints, ADHD symptoms appear to constitute a substantial
part of the symptom spectrum.

High rates of peer problems reflected on the SDQ may be ex-
plained by the social problems mentioned herein and the find-
ings that patients with malocclusion are more frequently the
victims of bullying (34, 35). Peer relationship problem rate in par-
ent SDQs was 53%, which shows that those problems were well
observed by the caregivers. ADHD prevalences were 17.2% and
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14.3% in self-rated and parent forms, respectively. Epidemiologi-
cal studies from our country and worldwide show that the ADHD
prevalence ranges from 5% to 8% (2, 25, 36).

Many studies have investigated ADHD in dental diseases but not
malocclusion. To our knowledge, this is the first study investigating
ADHD symptoms and prevalence in children with malocclusion.
The worldwide prevalence of ADHD among children is estimated
to be 5.29% (2). In our sample, the ADHD prevalence, as identified
with the SNAP-IV-Parent Scale, in patients with malocclusion was
15.9%. An epidemiological study with a very similar population re-
cruiting 3110 children and their parents used the same instrument
and obtained the ADHD prevalence as 9.6%. This finding reveals
that ADHD prevalence is high in children with malocclusion. This
finding is consistent with the findings of a previous study com-
paring the dental health status of psychiatric patients and healthy
controls. In the present study, it was found that along with higher
DMFT scores and increased prevalences of caries and TDI, ortho-
dontic treatment need was also more frequent in patients with
ADHD than in healthy controls and other psychiatric disorders (29).

The high prevalences of probable ADHD, as identified with the
SNAP-IV and SDQ scores, found in the present study support the
hypothesis that there could be an association between maloc-
clusion and ADHD. Moreover, significant associations between
several variables provide further support for the model pro-
posed in 2013 (15). The association between malocclusion and
ADHD should be investigated through a developmental per-
spective as both systems are developed from ectodermal tissues
during embryogenesis.

Management of children with ADHD during orthodontic treat-
ment, organization of visit frequency and duration, and further
compliance at home has been known to be challenging, and
there have been studies addressing techniques to solve these
problems (11, 20, 21). Dentists should be able to recognize the
early signs of ADHD and emotional and social problems to pro-
vide therapeutic and preventive mental health services. Mental
health professionals should also be aware of the significance and
importance of the link described in the present study.

Our study has limitations. The findings of the present study
should be interpreted in light of some limitations. The first is
the small sample size of the study that limits the power of the
data. The second concern is the broad age range of the subjects
as the presentation of ADHD may differ according to age and a
broad age range might cause heterogeneity of symptoms. Since
the study was limited to a clinical sample from a single center, it
was not possible to generalize these findings for the population.
Another limitation is that the results regarding ADHD symptoms
came from self-report measures and not diagnostic interviews.
However, all of the measures were valid and reliable in Turkish,
and the SNAP-IV has been used in several large population stud-
ies to determine ADHD symptoms, and the SDQ has been equiv-
alent to diagnostic interviews (24-27). Additionally, the scales
were administered as in-person interviews by the first author
who is a trained child psychiatrist. Another limitation regarding
data collection is that the breastfeeding duration was collected
through maternal recall, which may raise concerns about the

accuracy of the data. However, the long-term maternal recall
of breastfeeding duration was found to be quite accurate (37).
Further population-based studies with large sample sizes and a
narrow age need to be conducted to validate our findings.

CONCLUSION

Within the limitations of the present study, we conclude that
ADHD symptoms may be seen to be high in children receiving
orthodontic treatment and orthodontists should have a keen
eye on psychiatric symptoms, especially ADHD symptoms.
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ABSTRACT

Objective: Sonic and ultrasonic instrumentations generate vibrations that may influence debonding characteristics. The objective of
this in vitro study was to assess the direct and indirect effects of sonic and ultrasonic periodontal instrumentations on the shear bond
strength (SBS) and the adhesive remnant index (ARI) scores of metallic orthodontic brackets.

Methods: Metallic brackets were bonded to 75 extracted mandibular central incisors that were embedded in acrylic resin. Instru-
mentations around the bracket base performed with ultrasonic (UltrasonicB group, n=15) and sonic (SonicB group, n=15) scalers
were used to evaluate the direct effects on the SBS of brackets. Lingual surface instrumentations with ultrasonic (UltrasonicL group,
n=15) and sonic (SonicL group, n=15) scalers were performed to assess the indirect effects. The control group (n=15) did not have any
treatment. Instrumentations were performed for 30 s with 0° scaler tip angulations with settings recommended by manufacturers.
The SBS of the brackets tested with a universal testing machine and ARI scores were recorded. Data were analyzed by Kruskal-Wallis
and Mann-Whitney U tests.

Results: The mean SBS of the control group was significantly higher than that of the UltrasonicB and SonicB groups (p=0.008). The
UltrasonicL and SonicL group instrumentations also decreased the SBS, although the difference was statistically insignificant. Ultra-
sonicB instrumentations caused significantly higher frequency of ARI scores than the control group.

Conclusion: The decrease of the SBS of metallic brackets indicates the influence of ultrasonic and sonic instrumentations on the
breakage behavior at the bracket-resin interface. Instrumentations around the bracket base should be conducted with caution to
decrease the bond failure risk of metallic brackets.

Keywords: Ultrasonics, orthodontic brackets, periodontics, dental bonding, dental prophylaxis

INTRODUCTION

Orthodontic treatment with fixed appliances increases the plaque retention areas and impairs the appropriate
oral hygiene measures by patients. Changes in oral microbiota can be detected that might be associated with
the observed white spot lesions, carie, and periodontal problems (1-5). In addition to increased plaque accumu-
lation, patients often exhibit gingival enlargements, bleeding, and calculus formation during the orthodontic
treatment (6). Although the importance of oral hygiene measures was emphasized to all patients before and
during the orthodontic treatment, the necessity of professional oral hygiene procedures, including plaque re-
moval and scaling that were accomplished by manual and power-driven instrumentations, is observed frequent-
ly for patients with fixed appliances.

Power-driven instruments, which have been proven to have less treatment time and reduce the subgingival bio-
film to the same extent compared with manual instrumentation, vary in their clinical efficiency and mechanism
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of action (7-9). In sonic scalers, air-turbine-generated vibrations
range between 2 and 6 kHz/3000 and 8000 cycles/s, and scaler
tip oscillates almost circularly (10-12). In piezoelectric ultrasonic
instruments, a quartz crystal that was inserted into the hand-
piece is provided with high-frequency alternating current caus-
ing dimensional changes of crystal generating the vibrations.
The scaler tip vibration is linear, and the vibration frequency
ranges between 25 and 42 kHz/25,000 and 50,000 cycles/s (10-
12). In addition to physical action of oscillating tip, cavitational
effect and acoustic microstreaming may influence the removal
of deposits from the root surface (13, 14). The direct effect of
oscillating scaler forms on surface contact with the tip and the
influence of vibrations transmitted through the tooth defines
the indirect effect of power-driven instrumentations. During
ultrasonic scaling procedures, transmission of acoustic energy
through the tooth has been demonstrated (15).

During the professional oral hygiene procedures of patients
with orthodontic brackets, sonic and ultrasonic instrumenta-
tions were performed around the bracket base and at the lingual
(reciprocal tooth surface) surface if necessary. The generated
instrumentation vibrations could have influenced the brackets
on the tooth as high-frequency vibrations of sonic and ultrason-
ic instruments are also known to facilitate the removal of posts,
crowns, and bridge restorations and debonding of orthodontic
brackets (16-19). While performing professional oral hygiene
procedures, the instrumentation around the bracket base pres-
ents a direct effect as the scaler tip mostly works in contact with
brackets and the vibrations directly influence the bracket base
area. On the other hand, instrumentation at the lingual (recipro-
cal) surfaces indirectly affects the tooth-bracket interface as the
vibrations were transmitted through the tooth without any scal-
er tip contact to the bracket base. However, the effect of instru-
mentation on the shear bond strength (SBS) of brackets has not
been investigated until the study conducted by Bonetti et al. (20)
that revealed that prolonged ultrasonic instrumentation around
the bracket base has been shown to reduce the SBS of metallic
orthodontic brackets.

Considering the differences of vibration frequencies and tip ac-
tions, sonic and piezoelectric ultrasonic instrumentations were
suggested to vary by means of direct and indirect effects on the
SBS of metallic orthodontic brackets. The tested null hypothesis
was that direct and indirect applications of sonic and ultrasonic
instrumentations do not decrease the SBS values of orthodontic
brackets. Therefore, the aim of the present study was to evaluate
the direct and indirect effects of sonic and piezoelectric ultra-
sonic instrumentations on the SBS and failure type of metallic
orthodontic brackets.

METHODS

The study was approved by the Institutional Review Board and
Ethics Committee of Baskent University (project no. D-KA14/15)
and supported by the Baskent University Research Fund.

The sample size was calculated by using G*Power 3.1.9.2 (21).
Given an a level of 0.05 (difference between two independent

means) with a power of 80%, a minimum number of 14 speci-
mens were required for each group.

A total of 75 mandibular central incisors, which were extracted
for periodontal reasons, without any presence of caries, resto-
rations, decalcifications, microcracks, and enamel fractures were
collected. After extraction, all teeth were debrided, washed, and
stored in distilled water.

Each tooth was individually embedded in autopolymerizing
acrylic resin (Meliodent; Heraeus Kulzer, Hanau, Germany) blocks
using the cemento-enamel junction as the lower limit. During
the embedding procedure, all teeth were centered, and crowns
were oriented as perpendicular to the bonding labial surface
and parallel to the force to be applied for the SBS test. All resin
blocks were code-numbered for identification.

Buccal surface prophylaxis was performed with pumice slurry
using rubber cups. All teeth were washed with water spray and
dried with air spray for 15 s. The bonding procedures were per-
formed by one operator. The brackets (Ormco Mini 2000; Ormco
Corporation, Glendora, CA, USA) were bonded according to the
manufacturer’s instructions, with 30 s of etching with 37% phos-
phoric acid gel (Pulpdent Corporation, Watertown, MA, USA), fol-
lowed by washing for at least 15 s and drying with water-air spray
until a characteristic frosty white etched area was observed on
the enamel. A thin uniform layer of bonding agent (Transbond™
XT Lightcure adhesive primer; 3M™ Unitek, Monrovia, CA, USA)
was applied. The brackets were bonded with light cure adhesive
paste (Transbond™ XT) and were adjusted to ensure that the SBS
test force to be applied would be perpendicular to the bracket
base. Brackets were pressed lightly in their final position, the ex-
cess adhesive was removed with a sharp scaler, and the adhesive
was cured with a LED light curing unit (Ortholux™, 3M™ Unitek,
Monrovia, CA, USA) for 20 s (5 s on each of the mesial, distal, gin-
gival, and incisal margins).

The specimens were randomly divided into five groups: Ultra-
sonicB group, ultrasonic instrumentation of specimens around
the bracket base; UltrasonicL group, ultrasonic instrumentation
of specimens on the lingual surface; SonicB group, sonic instru-
mentation of specimens around the bracket base; SonicL group,
sonic instrumentation of specimens on the lingual surface; and
control group, specimens without any instrumentation. In the
UltrasonicB and SonicB groups, the scaler tip was applied in con-
tact with the bracket base. These groups represented the direct
effect, and the UltrasonicL and SonicL groups represented the
indirect effect as the instrumentations were performed on the
reciprocal-lingual surface to evaluate the effects of vibrations
transmitted through the tooth.

Ultrasonic instrumentation was performed using a piezoelectric
ultrasonic scaler (Suprasson® P5 Newtron SATELEC; ACTEON,
Merignac, France). The scaler tip (Universal tip, #1, SATELEC; AC-
TEON) was used with a 0° scaler tip angulation. A sonic scaler
(SONICflex 2000N; KaVo Dental GmbH, Biberach, Germany) was
used for sonic instrumentation procedures. The scaler insert
(SONICflex scaler tip no. 6; KaVo Dental GmbH) was used with a
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Table 1. Descriptive data of shear bond strength (MPa) analysis of the test and control groups

Group n MeanxSD Minimum Maximum Median
UltrasonicL 15 10.52+4.48 4.70 18.50 9.86
UltrasonicB 15 7.93+£3.10*% 0.00 14.20 7.79
SonicL 15 9.36+2.36 6.37 13.07 8.18
SonicB 15 8.16+2.26t 552 13.34 7.33
Control 15 12.19+4.16%F 6.69 18.20 9.63
*p=0.002, 'p=0.004 (same characters on the same column indicate statistical significance).

SD: standard deviation; UltrasonicL: ultrasonic instrumentation of specimens on the lingual surface; UltrasonicB: ultrasonic instrumentation of specimens around the bracket base; SonicL:
sonic instrumentation of specimens on the lingual surface; SonicB: sonic instrumentation of specimens around the bracket base; Control: control specimens without any instrumentation

0° scaler tip angulation. A new scaler tip was used in each study
group. The manufacturer’s recommended power settings were
applied (settings of 14-15 for ultrasonic instrumentation and
medium for sonic instrumentation). All instrumentation pro-
cedures were conducted by one experienced operator. A pilot
study to maintain reproducible and the least possible load appli-
cation was performed by the operator, with a reproducibility of
92% based on intraclass correlation coefficient index.

A pilot study of professional oral hygiene procedures was per-
formed with sonic or ultrasonic instrumentation to estimate the
time required for applications for patients with fixed orthodontic
appliances. Periodontal procedures at the buccal or lingual sites
were completed within 30 s/tooth for both sonic and ultrasonic
instrumentations. Depending on the results of the pilot study,
the instrumentation period was determined as 30 s for each of
the specimens in the test groups. In the UltrasonicB and SonicB
groups, instrumentation was performed for 10 s on each mesial,
distal, and incisal side of the bracket base. The gingival bracket
side instrumentation was excluded in the present study as the
selected scaler tip angulation restricted the appropriate access
to the area. The tip angulation was ensured by positioning the
ultrasonic/sonic scaler tip parallel to the bonding surface and
perpendicular to the bracket base for buccal instrumentation in
the UltrasonicB and SonicB groups.

In the UltrasonicL and SonicL groups, instrumentation was per-
formed on the lingual surfaces of each specimen excluding the
incisal 1/3 part of the crown. With maintaining scaler tip parallel
to the long axis of the crown in an apico-coronal direction, the
0° angulation of the scaler tip in contact to tooth surfaces was
achieved, and instrumentation on the lingual surfaces was per-
formed continuously for 30 s in an apico-coronal direction.

All samples were stored for 24h in distilled water before SBS
testing. The test was performed using a standard knife-edge
chisel in a universal testing machine (3343, Instron Corporation,
Norwood, MA, USA) with a crosshead speed of 0.5 mm/min. The
specimens were positioned to ensure the long axis of the inci-
sors, and the bracket base was parallel to the direction of the ap-
plied force. An occlusogingival load was applied to the bracket at
the incisal groove, producing a shear force at the bracket-tooth
interface. The breaking loads required for debonding were re-
corded in Newtons (N) and converted into stress values in mega-
pascals (MPa) that were calculated by dividing the failure load
(N) by the surface area of the bracket base (7.386 mm?).

After the SBS testing, the teeth and bracket surfaces were exam-
ined using a stereomicroscope (Leica MS5; Leica Microsystems,
Singapore) at x16 magnification to determine the type of failure.
The adhesive remnant index (ARI) scoring system was used to
assess the amount of adhesive left on the enamel surface of each
specimen (22). The ARl scores were as follows: 0, no adhesive re-
mained on the tooth; 1, less than half of the adhesive remained
on the tooth; 2, more than half of the adhesive remained on the
tooth; and 3, all of the adhesive remained on the tooth with a
distinct impression of the bracket base.

Statistical Analysis

All statistical analyses were performed by using Statistical Pack-
age for Social Sciences version 20.0 for Windows (IBM Corp.; Ar-
monk, NY, USA). Shapiro-Wilk test was used for the distribution
of data. Data were not normally distributed. Levene test was
used for the evaluation of homogeneity of variances. Kruskal-
Wallis test was used to determine whether the differences in the
SBS and ARI scores among the groups were statistically signifi-
cant or not. Mann-Whitney U test was used for comparisons of
all groups, and Bonferroni correction (p<0.01) was applied for
controlling Type | error.

RESULTS

One specimen in the UltrasonicB group failed during the in-
strumentation, and it was accepted as a presentation of clinical
instrumentation procedure, and the SBS value of this specimen
was accepted as 0 MPa (20).

The SBS values and standard deviations for all groups are shown
in Table 1. The SBS values of the lingual instrumentation groups
were higher than those of the buccal instrumentation groups, al-
though a statistical significance was not observed. Comparisons
of instrumentation methods have shown that the SBS values of
sonic instrumentation were lower than those of the UltrasonicL
group and higher than those of the UltrasonicB group without
any statistical significance. The SBS values of the UltrasonicB and
SonicB groups were significantly lower than the highest SBS val-
ues of the control group (p<0.01, p=0.002 and p<0.01, p=0.004,
respectively).

Kruskal-Wallis analysis revealed the presence of significant dif-
ferences among the groups for ARI scores. The ARI scores of
buccal instrumentations were higher than those of lingual in-
strumentations, although the difference was not statistically sig-
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Table 2. Descriptive data and frequencies of the adhesive remnant scores (ARI) of the test and control groups

n ARI=0 (%) ARI=1 (%) ARI=2 (%) ARI=3 (%) MeanxSD
UltrasonicL 15 0 (0. 0(0.0) 12 (80) 3(20) 2.20£0.41
UltrasonicB 15 0 (0. 0(0.0) 4(26.7) 11(73.3) 2.73+0.46*
SonicL 15 0(0.0 1(6.7) 8(53.3) 6 (40) 2.33+0.62
SonicB 15 0 (0.0 1(6.7) 5(33.3) 9 (60) 2.53+0.64
Control 15 0 (0.0 1(6.7) 11(73.3) 3(20) 2.13+£0.52*
*p=0.009 (same characters on the same column indicate statistical significance)
SD: standard deviation; UltrasonicL: ultrasonic instrumentation of specimens on the lingual surface; UltrasonicB: ultrasonic instrumentation of specimens around the bracket base; SonicL:
sonic instrumentation of specimens on the lingual surface; SonicB: sonic instrumentation of specimens around the bracket base; Control: control specimens without any instrumentation

nificant. Intergroup comparisons showed that the ARI scores of
the UltrasonicB group were significantly higher than those of the
control group (p=0.009) (Table 2). The ARI scores of the Ultrason-
icB group were also higher than those of the SonicB group, but
statistical significance was not revealed (p>0.01).

DISCUSSION

To the best of our knowledge, this is the first study investigating
the direct and indirect effects of sonic and ultrasonic instrumen-
tations on metallic orthodontic brackets’ SBS and failure mode.
Sonic and ultrasonic instruments are usually used for periodon-
tal therapy of patients with fixed orthodontic appliances, disre-
garding their possible direct and indirect effects.

The type of scaler tip oscillations and the operating frequencies
are different for sonic and piezoelectric ultrasonic instruments.
Considering the characteristics of instruments, the effects of vi-
brations conducted on the tooth and tooth-resin-bracket inter-
face could also be expected to be different, with similar clinical
treatment outcomes. Instrumentations of the UltrasonicB and
SonicB groups around the bracket base had been performed to
determine the direct effects of vibrations, whereas instrumenta-
tions of the UltrasonicL and SonicL groups, that aimed to simu-
late periodontal therapy on the lingual surfaces, had been per-
formed to define the indirect effects of vibrations on the SBS of
orthodontic brackets.

The sonic scaler tip oscillates almost circularly performing a
localized hammering effect on the tooth surface; on the oth-
er hand, the piezoelectric ultrasonic scaler tip has a linear vi-
bration pattern. Depending on the oscillation patterns and
vibration frequency ranges, piezoelectric ultrasonic instrumen-
tations around the orthodontic bracket base were expected
to be more “detrimental” on bond failure. Bonetti et al. (20)
reported that prolonged piezoelectric ultrasonic instrumenta-
tion around the bracket base has been shown to decrease the
SBS values significantly, indicating a higher risk of bracket bond
failure. In agreement with the former study, the study results
revealed that sonic and piezoelectric ultrasonic instrumenta-
tions around metallic orthodontic brackets have affected the
SBS significantly compared with control specimens. Therefore,
the null hypothesis that direct and indirect applications of son-
ic and ultrasonic instrumentations do not decrease the SBS
values of orthodontic brackets was rejected. The decrease in
the mean SBS of the UltrasonicB group specimens was more

pronounced than that of the SonicB group specimens, which
might be attributed to effects of higher frequencies of piezo-
electric scaler than sonic scalers. The reduction of the SBS sup-
ports the direct effect of sonic and piezoelectric ultrasonic in-
strumentations on the tooth-bracket interface. The mean SBS
of the control group specimens was higher than that of the Ul-
trasonicL and SonicL group specimens, although the difference
was statistically insignificant.

As vibration formed during instrumentation with ultrasonic
scaler is higher than sonic scalers, the mean SBS values of the
UltrasonicL group, which had the highest mean value among
the test groups, were unexpected. This result in the Ultrason-
icL group could be attributed to specimen-based character-
istics that may affect the vibrations transmitted through the
tooth structure, although a single type of tooth was used to
determine the influence of instrumentations. For each of the
instrumentation type, buccal applications have more efficiency
on the SBS of metallic brackets than lingual instrumentation.
The findings demonstrate that vibrations produced by sonic
and piezoelectric ultrasonic instrumentations appear to have
a limited indirect effect on the SBS of metallic brackets. The in-
strumentation of both buccal and lingual surfaces with sonic
and ultrasonic scalers had not been performed. However, an
increase of detrimental effects of both instrumentation types
might be expected, as application on both buccal and lingual
sides might generate a synergistic effect on the tooth-bracket
interface. Further studies to evaluate the consecutive instru-
mentation of both buccal and lingual surfaces should be con-
ducted to clarify this issue.

The scaler tip angulation has considerable effects on root sub-
stance removal and defect depth. The defect depth of piezoelec-
tric ultrasonic instrumentation was found to be the highest at
45° angulations (23). The root damage was not severe with 0° tip
angulation, and the tip angulation <15° or the scaler tip aligned
parallel to the root surface during instrumentation was recom-
mended to prevent severe root damage (12, 24, 25). Ultrasonic
instrumentation around the bracket base with 0° and 45° tip an-
gulations did not reveal significant differences by means of the
effect on the SBS (20). Therefore, 0° tip angulation was selected
for instrumentation in all test groups to decrease the possible
damage. However, this scaler tip angulation prevented the ap-
propriate access and instrumentation at the gingival side of the
bracket base, which might have an effect on the bond strength,
if it had been performed.
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The time required for professional hygiene procedures depends
on various factors, such as clinical case characteristics, experi-
ence of the dental professionals, and instrumentation-based
considerations. The average times for a single session supra- and
subgingival debridement of adult patients with periodontitis
were determined as 4 min/tooth and 3.3 min/tooth for sonic and
ultrasonic instrumentations, respectively (26). The mean time
needed for ultrasonic instrumentation was 0.4 min/tooth for pa-
tients in maintenance periodontal therapy (27). In a study assess-
ing the influence of ultrasonic instrumentation around metallic
orthodontic brackets, instrumentation was performed for 60 s,
which was reported to be overrated to simulate extreme condi-
tions and to highlight the most detrimental effects (20). Instru-
mentation time was determined as 30 s in this in vitro study. The
decreased levels of the SBS of brackets in test specimens com-
pared with control specimens have shown that instrumentation
time was long enough to affect the bracket bond failure. Consid-
ering that in clinical procedures power-driven instrumentation
around the bracket base is generally shorter than 30 s, the given
results represent the effects of prolonged instrumentation, al-
though it was less than the mean application time reported in
former studies.

The present study should be evaluated by considering other fac-
tors that might have an influence on the results. The mandibular
central incisors used to test the SBS had been shown to have dif-
ferent bond failure probabilities at a particular stress compared
with premolar teeth, which have been used frequently for SBS
evaluating studies (28). In the UltrasonicB, SonicB, and SonicL
groups, stress strength values were reduced with power-driven
instrumentation, which may increase the probability of failure
rates calculated (28). The failure rate probability of 1st premo-
lars and central incisors was higher than that of 2" mandibular
premolars; therefore, conducting a study with different tooth
types may reveal different results. The mandibular incisors also
have the smallest bracket base area, and prolonged instrumen-
tation around the bracket base might have decreased the stress
strength more easily.

The absorption depth of vibrations by different tooth types or
the influence of transmission of vibrations through the tooth
has not been studied. Regarding the differences in tooth di-
mensions, tooth volumes, and structural characteristics, such as
mineralization, thickness, and density of the enamel and dentin,
the transmission and absorption of vibrations could be expected
to be various if different tooth types have been tested. Another
issue to be considered is the tooth-supporting structures, such
as periodontal ligament and alveolar bone, that absorb or lim-
it the effects transferred through the tooth. During the ortho-
dontic treatment, bone remodeling and changes in periodontal
ligament occur, which would have at least partly an impact on
the absorption of vibrations by tooth or vibrations transferred
through the tooth (29-30). Although a limited influence of vi-
brations transmitted through the tooth was detected, the di-
mensional and structural characteristics of the selected teeth
might have affected the results in the present study. The lack of
periodontal ligament simulation and testing of resin-embedded
specimens in this study might also have an effect on results.

Evaluation of ARI scores revealed that piezoelectric instrumen-
tation around the bracket base significantly affects the debond-
ing characteristics on the tooth-resin-bracket system compared
with control specimens. The vibrations formed during the instru-
mentation of the UltrasonicB groups in contact to the bracket
appear to influence the breakage behavior at the bracket-resin
interface. The remaining intergroup comparisons of ARI scores
revealed non-significant differences. Bond failure type of all
groups had a mean index >2, indicating that the failure was
mostly confined to the bracket-resin interface and decreased
risk of enamel damage after debonding could be expected.

The results indicate that sonic and ultrasonic periodontal in-
strumentations around the orthodontic metallic bracket base
reduce the SBS of metallic orthodontic brackets that may in-
crease bracket failure risk. Considering the displeasing out-
comes of bracket failure on orthodontic treatment progression,
such as prolonged treatment time, sonic and ultrasonic instru-
mentations around the bracket base should be conducted with
caution. Further studies investigating the sonic and ultrasonic
periodontal instrumentations should be interpreted to clarify
the direct and indirect effects on the SBS of orthodontic metal-
lic brackets and to reveal the influence of instrumentation- and
specimen-based factors on the bond strength of orthodontic
brackets.

CONCLUSION

The simulation of sonic and piezoelectric ultrasonic instru-
mentations reduced the bond strength of metallic orthodontic
brackets tested in this in vitro study. Instrumentation around
the bracket base was detected to have more dramatic effects on
the SBS than instrumentation performed on the lingual surface.
Sonic instrumentation applied around the bracket base demon-
strated higher SBS than ultrasonic instrumentation. Given the
results that sonic and ultrasonic periodontal instrumentations
around the orthodontic metallic bracket base reduce the SBS of
brackets, instrumentations particularly around the bracket base
should be conducted with caution.

Ethics Committee Approval: Ethics committee approval was received
for this study from the Ethics Committee of Baskent University (Project
no: D-KA14/15).

Informed Consent: N/A.
Peer-review: Externally peer-reviewed.

Author Contributions: Concept - B.F.O., ZSK.; Design - B.F.O, Z.S.K,; Su-
pervision - B.F.O, Z.S.K,, K.Y.; Materials - B.F.O, K.Y., Z.S.K.; Data Collection
and/or Processing - B.F.O, Z.5.K.;; Analysis and/or Interpretation - B.F.O,
Z.5K., K.Y, Literature Search - B.F.O, Z.S.K.; Writing Manuscript - B.F.O,
Z.5.K,; Critical Review - B.F.O, K.Y., Z.S.K.

Conflict of Interest: The authors have no conflict of interest to de-
clare.

Financial Disclosure: The authors declared that this study has received
no financial support.

41



42

Oduncuoglu et al. Sonic-Ultrasonic Therapy Affects the SBS of Brackets

REFERENCES

Freitas AO, Marquezan M, Nojima Mda C, Alviano DS, Maia LC.
The influence of orthodontic fixed appliances on the oral micro-
biota: a systematic review. Dental Press J Orthod 2014; 19: 46-55.
[CrossRef]

Chapman JA, Roberts WE, Eckert GJ, Kula KS, Gonzalez-Cabezas C.
Risk factors for incidence and severity of white spot lesions during
treatment with fixed orthodontic appliances. Am J Orthod Dento-
facial Orthop 2010; 138: 188-94. [CrossRef]

Richter AE, Arruda AO, Peters MC, Sohn W. Incidence of caries le-
sions among patients treated with comprehensive orthodontics.
Am J Orthod Dentofacial Orthop 2011; 139: 657-664. [CrossRef]
Bollen AM, Cunha Cruz J, Bakko DW, Huang GJ, Hujoel PP. The ef-
fects of orthodontic therapy on periodontal health: A systematic
review of controlled evidence. J Am Dent Assoc 2008; 139: 413-22.
[CrossRef]

Atack NE, Sandy JR, Addy M. Periodontal and microbiological
changes associated with the placement of orthodontic appliances.
A review. J Periodontol 1996; 67: 78-85. [CrossRef]

Turkkahraman H, Sayin MO, Bozkurt FY, Yetkin Z, Kaya S, Onal S.
Archwire ligation techniques, microbial colonization, and peri-
odontal status in orthodontically treated patients. Angle Orthod
2005; 75:231-6.

Tunkel J, Heinecke A, Flemmig TF. A systematic review of efficacy of
machine-driven and manual subgingival debridement in the treat-
ment of chronic periodontitis. J Clin Periodontol 2002: 29; 72-81.
[CrossRef]

Petersilka GJ, Ehmke B, Flemmig TF. Antimicrobial effects of mechan-
ical debridement. Periodontol 2000 2002; 28: 56-71. [CrossRef]
Baehni P, Thilo B, Chapuis B, Pernet D. Effects of ultrasonic and sonic
scalers on dental plaque microflora in vitro and in vivo. J Clin Peri-
odontol 1992; 19: 455-9. [CrossRef]

Menne A, Griesinger H, Jepsen S, Albers H, Jepsen K. Vibration char-
acteristics of oscillating scalers. J Dent Res 1994; 73: 434,

. Lea SC, Landini G, Walmsley AD. Displacement amplitude of

ultrasonic scaler inserts. J Clin Periodontol 2003; 30: 505-10.
[CrossRef]

Arabaci T, Cicek Y, Canakgi CF. Sonic and ultrasonic scalers in peri-
odontal treatment: a review. Int J Dent Hyg 2007; 5: 2-12. [CrossRef]
Laird WRE, Walmsley AD. Ultrasound in dentistry. Part 1-biophysical
interactions. J Dent 1991; 19: 14-7. [CrossRef]

Khambay BS, Walmsley AD. Acoustic microstreaming detection and
measurement around ultrasonic scalers. J Periodontol 1999; 70:
626-31. [CrossRef]

. Walmsley AD, Laird WR, Williams AR. Intra-vascular thrombosis

associated with dental ultrasound. J Oral Pathol 1987; 16: 256-9.
[CrossRef]

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Turk J Orthod 2020; 33(1): 37-42

Olin PS. Effect of prolonged ultrasonic instrumentation on the re-
tention of cemented cast crowns. J Prosthet Dent 1990; 64: 563-5.
[CrossRef]

Marchan SM, White D, Smith W, Dhuru V. The influence of sonic and
ultrasonic vibration on the shear bond strength of a selected resin
luting cement. Eur J Prosthodont Restor Dent 2015; 23: 29-32.
Bishara SE, Trulove TS. Comparisons of different debonding tech-
niques for ceramic brackets: an in vitro study. Part Il. Findings and
clinical implications. Am J Orthod Dentofacial Orthop 1990; 98:
263-73. [CrossRef]

Krell KV, Courey JM, Bishara SE. Orthodontic bracket removal using
conventional and ultrasonic debonding techniques, enamel loss,
and time requirements. Am J Orthod Dentofacial Orthop 1993; 103:
258-66. [CrossRef]

Alessandri Bonetti G, Incerti Parenti S, Ippolito DR, Gatto MR, Lui-
gi C. Effects of ultrasonic instrumentation with different scaler-tip
angulations on the shear bond strength and bond failure mode
of metallic orthodontic brackets. Korean J Orthod 2014; 44: 44-9.
[CrossRef]

Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: A flexible statis-
tical power analysis program for the social, behavioral, and biomed-
ical sciences. Behav Res Methods 2007; 39: 175-91. [CrossRef]
Artun J, Bergland S. Clinical trials with crystal growth conditioning
as an alternative to acid-etch pretreatment. Am J Orthod Dentofa-
cial Orthop 1984; 85: 333-40. [CrossRef]

Flemmig TF, Petersilka GJ, Mehl A, Hickel R, Klaiber B. The effect of
working parameters on root substance removal using a piezoelec-
tric ultrasonic scaler in vitro. J Clin Periodontol 1998; 25: 158-63.
[CrossRef]

Petersilka GJ, Draenert M, Mehl A, Hickel R, Flemmig TF. Safety and
efficiency of novel sonic scaler tips in vitro. J Clin Periodontol 2003;
30:551-5. [CrossRef]

Flemmig TF, Petersilka GJ, Mehl A, Hickel R, Klaiber B. Working pa-
rameters of a magnetostrictive ultrasonic scaler influencing root sub-
stance removal in vitro. J Periodontol 1998; 69: 547-53. [CrossRef]
Loos B, Kiger R, Egelberg J. An evaluation of basic periodontal ther-
apy using sonic and ultrasonic scalers. J Clin Periodontol 1987; 14:
29-33. [CrossRef]

Badersten A, Nilveus R., Egelberg J. Effect of nonsurgical periodon-
tal therapy. . Moderately advanced periodontitis. J Clin Periodontol
1981; 8: 57-72. [CrossRef]

Hobson RS, McCabe JF, Hogg SD. Bond strength to surface enamel
for different tooth types. Dent Mater 2001; 17: 184-9. [CrossRef]
King GJ, Keeling SD, Wronski TJ. Histomorphometric study of alveo-
lar bone turnover in orthodontic tooth movement. Bone 1991; 12:
401-9. [CrossRef]

Davidovitch Z. Tooth movement. Crit Rev Oral Biol Med 1991; 2:
411-50. [CrossRef]


https://doi.org/10.1590/2176-9451.19.2.046-055.oar
https://doi.org/10.1016/j.ajodo.2008.10.019
https://doi.org/10.1016/j.ajodo.2009.06.037
https://doi.org/10.14219/jada.archive.2008.0184
https://doi.org/10.1902/jop.1996.67.2.78
https://doi.org/10.1034/j.1600-051X.29.s3.4.x
https://doi.org/10.1034/j.1600-0757.2002.280103.x
https://doi.org/10.1111/j.1600-051X.1992.tb01156.x
https://doi.org/10.1034/j.1600-051X.2003.00012.x
https://doi.org/10.1111/j.1601-5037.2007.00217.x
https://doi.org/10.1016/0300-5712(91)90030-3
https://doi.org/10.1902/jop.1999.70.6.626
https://doi.org/10.1111/j.1600-0714.1987.tb01489.x
https://doi.org/10.1016/0022-3913(90)90128-Y
https://doi.org/10.1016/S0889-5406(05)81604-X
https://doi.org/10.1016/0889-5406(93)70007-B
https://doi.org/10.4041/kjod.2014.44.1.44
https://doi.org/10.3758/BF03193146
https://doi.org/10.1016/0002-9416(84)90190-8
https://doi.org/10.1111/j.1600-051X.1998.tb02422.x
https://doi.org/10.1034/j.1600-051X.2003.00300.x
https://doi.org/10.1902/jop.1998.69.5.547
https://doi.org/10.1111/j.1600-051X.1987.tb01509.x
https://doi.org/10.1111/j.1600-051X.1981.tb02024.x
https://doi.org/10.1016/S0109-5641(00)00068-3
https://doi.org/10.1016/8756-3282(91)90029-I
https://doi.org/10.1177/10454411910020040101

TURKISH JOURNAL of

ORTHODONTIC DOI: 10.5152/TurkJOrthod.2020.19016

Original Article

Evaluation of Enamel Roughness in Vitro After
Orthodontic Bracket Debonding Using Different
Methods of Residual Adhesive Removal

José Tarcisio Lima Ferreira (2, Maria Cristina Borsatto €2, Maria Conceicao Pereira Saraiva (2, Mirian Aiko Nakane Matsumoto (2,
Carolina Paes Torres @2, Fabio Lourenco Romano

Department of Pediatrics Dentistry, University of Sdo Paulo Ribeirdo Preto, Sao Paulo, Brazil

Cite this article as: Ferreira JTL, Borsatto MC, Saraiva MCP, Matsumoto MAN, Torres CP, Romano FL. Evaluation of Enamel Roughness in Vitro After
Orthodontic Bracket Debonding Using Different Methods of Residual Adhesive Removal. Turk J Orthod 2020; 33(1): 43-51.

ABSTRACT

Objective: The aim of the present study was to compare different techniques for resin remnant removal (RRR) after orthodontic brack-
et debonding and to evaluate alterations on the dental enamel caused by these methods. The null hypothesis tested was that there is
no difference between RRR techniques in relationship the changes caused on the dental enamel.

Methods: A total of 75 bovine mandibular permanent incisors were used in the study. Brackets were bonded and debonded in
each tooth in two experimental regions. Five RRR techniques were used in the experimental groups (n=15): Group 1-diamond bur
(6-bladed), Group 2-diamond bur (12-bladed), Group 3-diamond bur (30-bladed), Group 4-aluminum oxide sandblasting (AOS), and
Group 5-Er:YAG laser. Enamel surface was evaluated using profilometry, and surface roughness analysis was performed at three time
intervals: before bracket bonding, after RRR techniques, and after final polishing. Qualitative analyses of the enamel surfaces were
performed using scanning electron microscopy.

Results: Multiblade burs showed the best results, and the 30-bladed bur created a less irregular enamel surface. AOS caused greater
enamel wear, and Er:YAG laser caused more surface irregularity.

Conclusion: The null hypothesis was rejected. The multiblade burs were the least harmful than the other techniques. Enamel surface
roughness after using the 30-blade bur was similar to the original enamel. These results indicate that the type of bur tested (30-blad-
ed) can be indicated to remove resin remnants after bracket debonding.

Keywords: Orthodontic debonding, enamel, orthodontic brackets

INTRODUCTION

Orthodontic brackets are fixated to the enamel for the purpose of providing support to perform orthodontic
mechanics. Over the past few years, composites have been used to bond brackets to the enamel. In most cases,
bonding is obtained through mechanical retention of both the bonding agent and composite to the micropores
created by acid etching on the enamel surface and by the interlocking of the composite in the bracket base mesh
(1,2).

Once treatment has been completed, the orthodontic appliance must be removed. After bracket debonding,
regardless of the method used, the ideal situation is that all composite used for fixation remains adhered to the
enamel, thus protecting the surface against possible fractures (3, 4). When the brackets are removed, the resin
remnants on the enamel must also be removed.
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Mechanical removal for the remaining composite, after debond-
ing orthodontic brackets, has been shown to be detrimental to
the enamel surface (5-8). Studies have assessed composite resin
remnant removal (RRR) from the enamel, after bracket debond-
ing, using various methods, including pliers, low- and high-
speed drill with burs, manual scrapers, ultrasound, aluminum
oxide sandblasting (AOS), and lasers (5-19).

During the bonding and debonding processes using the ap-
propriate technique, it is estimated that 5-20 pm of the enamel
is lost (20-22). Koprowski et al. (23) assessed the quality of the
enamel after the treatment and clean-up procedure of debond-
ing brackets through the use of computed tomography. The
results showed that the enamel thickness after the orthodontic
treatment had decreased by approximately 125 um. Ulusoy (24)
expressed that the search for the ideal method, which returns
the enamel surface as closely as possible to its original state, is
still ongoing. After removing the remnants of bonding materi-
al, it is a consensus that prophylaxis must be performed using
a low-speed motor with a rubber cup, pumice stone paste, and
water to polish the enamel (25).

The aim of the present study was to evaluate and compare, using
profilometry and surface roughness, the following: 1) different
techniques for removing resin remnants after orthodontic brack-
et debonding and 2) possible alterations on the enamel caused
by these methods. The null hypothesis tested was that there is
no difference between RRR techniques and polishing and there
is no interaction among them.

METHODS

The approval letter of the ethics committee was not included
because, in accordance with the provisions of Art. 3 Item Ill and
Art. 10 of Law 11,794 of 10/08/2008, experimental protocols
that do not involve the use of live animals should not be an-
alyzed.

Sample size was based on the study by Ahrari, considering an
effect size of 0.25, power of 0.80, and alpha of 0.05 for six groups
with a correlation of 0.10. Sample size was calculated using the
G*Power program for repeated measurements.

A total of 75 bovine mandibular permanent incisors were stored
for 1 week in 0.1% thymol for disinfection. The criteria for selec-
tion of teeth were intact crowns and absence of demineraliza-
tion, cracks, fractures, or stains. The roots were sectioned (2 mm
below the cement-enamel junction) using a water-cooled dou-
ble-faced diamond disk (KG Sorensen, 7015, Brazil) mounted on
a sectioning machine (Miniton; Struers A/S, Denmark). The buc-
cal face of each crown was fixed onto a glass plate using utility
wax. They were then embedded in self-curing acrylic resin using
a plastic cylinder (20 mm diameterx 2 cm high) as a mold. Spec-
imens were polished (240-, 600-, and 1200-grit silicon carbide
papers) in a polishing machine (Struers, Copenhagen, Denmark)
to expose an area of at least 15 mm long in the cervical-incisal
direction. The surface received final polishing (damp felt and
0.3- and 0.5-um aluminum particle) to obtain an enamel with-
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out scratches. Buccal faces were randomly divided into three
regions, one control and two experimental, and covered with a
yellow adhesive polyethylene tape “mask” measuring 70 mm x
200 mm. Teeth were stored in distilled water at 37°C.

Prophylaxis was performed for 10 s using fluoride-free pum-
ice and water slurry on a rubber cup, followed by washing and
drying at the same time. Rubber cups were replaced after five
uses. In the two experimental groups, the enamel surfaces were
etched (37% phosphoric acid gel, 15 s and washed and dried, 15
s) and coated with a layer of adhesive primer (Transbond XT; 3M
Unitek, Monrovia, CA, USA), and 150 standard edgewise metal
brackets for lower incisors (base area of 9.78 mm?; Morelli, Soro-
caba, SP, Brazil) were bonded with Transbond XT composite resin
(3M Unitek). The adhesive was cured for 40 s on the mesial, dis-
tal, incisal, and cervical faces (10 s/each face) at T mm from the
bracket base using a halogen light-curing unit XL 1500 (3M ESPE,
St. Paul, MN, USA) with a light intensity of 400 mW/cm?, verified
after five activations with a Demetron curing radiometer (Dan-
bury, NH, USA) (Figure 1). Test specimens were stored in distilled
water (37°C for 24 h), and then all brackets were debonded (JTLF)
with curved How pliers no. 110 (3M Unitek).

Five groups (n=15) were formed according to the RRR technique
(Table 1). In each test specimen, three regions were established
using a table of random numbers in: 1) control area, 2) enamel
after RRR, without final polishing, and 3) enamel after RRR, with
final polishing. The polishing was performed for 10 s using fluo-
ride-free pumice and water slurry on a rubber cup, followed by
washing and drying for the same amount of time.

400 600
000

Y,
%
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Table 1. Experimental groups

Group Resin remnant

(n=15) removal techniques Manufacturer

30B 30-bladed bur Beavers Dental

12B 12-bladed bur Beavers Dental

6B 6-bladed bur TP Orthodontics

AOS Aluminum oxide VH Equipments
sandblasting 50 um

Laser Er:YAG laser Fotona Medical Lasers

All groups were evaluated without and with final prophylaxis
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Figure 2. Flowchart of the study steps

The RRR from the enamel after bracket debonding was per-
formed by three techniques: multibladed burs, AOS, and Er:YAG
laser. For the multibladed burs, 6-bladed (TP Orthodontics, La
Porte, IN, USA) and 12-bladed and 30-bladed (jet carbide burs;
Beavers Dental, Morrisburg, ON, Canada) were applied with
paintbrush movement, at low speed, on the resin remnants. Each
multiblade bur was replaced after five uses.

For AOS, the Microjato Gold Line appliance was used (VH Equip-
ments Medical/Dental and Accessories Ltda., Araraquara, SP, Brazil),
with a 50-um aluminum oxide particle stream, a standardized dis-
tance of 10 mm from the tooth surface, at a 45° angle for 15 s.

The Er:YAG laser Twin Light (Fotona Medical Lasers, Ljubljana,
Slovenia) was used with 200-450 ms pulse duration, 2.94 pm
wavelength, 500 mJ maximum pulse energy, and 2-15 Hz pulse
repetition rate. This delivery system has two articulated arms
with a sapphire window in non-contact mode and an air-water
spray cooling system. Irradiation on the enamel was aided by a
guide beam directing laser emission on the area to be irradiat-
ed. To avoid overheating during irradiation, the air-water spray
was activated, and the water flow was regulated at 1.5 mL/min.
Irradiation was performed using parallel horizontal movements
from top to bottom in non-contact mode. It was focused perpen-
dicular to the tooth surface, at a distance of 12 mm with 260 mJ
pulse energy and 47 J/cm?energy density, 3 Hz pulse repetition
rate, and 30 s irradiation time. Enamel surfaces were irradiated
using an automatic custom-designed device (MPC EIQuip, Sdo
Carlos, SP, Brazil) that was affixed to the laser handpiece in such a
manner that the laser beam was delivered perpendicular to the
specimen surface at a constant distance from the target site.

After the RRR procedures, enamel surfaces were re-examined.
The five groups were evaluated at three time points: 1) after pro-
phylaxis prior to bracket bonding (control), 2) after RRR before
final polishing, and 3) after RRR after final polishing.

Profilometry and roughness analyses were performed using
Hommel Tester T1000 (Hommelwerke GmbH, Schwenningen,
Germany) equipment. For roughness, the parameters were es-
tablished at L (assessment length): 1.5 mm and L_ (cut-off):
0.25 mm. In the profilometry measurement, the needle of the
device was positioned in the region considered to be the control
and then from this point for all regions of the specimens. Three
random readings were obtained on each evaluated surface. The
baseline was obtained using the arithmetic mean of these three
readings.

Two teeth from each group were randomly selected for analysis
using scanning electron microscopy (SEM) by the EVO 50° appli-
ance (Carl Zeiss SMT, Gottingen, Germany) operated at 20.00 kV.

Figure 2 represents the flowchart of the methodology used in
the present study.

Statistical Analysis

All analyses were performed using the SAS 9.4 (PROCMIXED)
statistical program using an alpha of 0.05. A generalized linear
mixed model was used in the analysis for repeated measures.
It took into consideration the dependence of data within each
tooth specimen. Interaction between type of treatment and
polishing was tested. Tukey-Kramer post-test was used for com-
parison of the adjusted means for each treatment and polishing
condition.

RESULTS

Profilometry Analysis

The analysis of variance for mixed models for profilometry
showed a statistically significant difference between the RRR
techniques (<0.0001) and the final polishing type (0.0049). More-
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Table 2. Profilometry means and difference (um) for polishing

among each removal technique of resin remnants

Polishing
Groups Yes No Dif (95% CI)* p**
Blade-30 7.96 5.20 2.75 (-4.51t0 10.36)  0.9675
Blade-12 11.39 8.62 2.77 (-4.50to 10.05)  0.9666
Blade-6 11.66 12.10 —0.43(-7.71t06.84) 0.9999
AOS 29.61 32.05 —2.44(-9.71t0 4.83)  0.9855
Laser 24.67 12.86 11.80 (4.53t0 19.08) <0.0001

*95% confidence interval
**p-value for the comparison between means (Tukey-Kramer post-test, a=0.05)

Profilometry

50

40

30 4

20

Micrometer measurements

Figure 3. Box-plot showing distribution for profilometry for the different

residual removal resin techniques with (number 2) and without polishing
(number 1). Diamonds represent means only for reference

Surface roughness

Micrometer measurements

Control 30B 12B 6B AOS

Figure 4. Box-plot showing distribution for surface roughness for the

different residual removal resin techniques with (number 2) and without
polishing (number 1). Diamonds represent means only for reference

over, there was an interaction between the techniques and pol-
ishing (0.0002). This interaction means that polishing interfered
with the performance of the techniques, but this interaction only
occurred for laser therapy (Table 2). Profilometry means for laser

technique was lower (p<0.0001) for no polishing (12.86 um) and
then the one observed for polishing (24,67 um).

Comparison between profilometry means of the RRR techniques
can be better illustrated through box-plots in Figure 3 (no.
1-without polishing and no. 2-with polishing) and in Table 3 in
which adjusted mean differences and 95% confidence intervals
are described with indication of those differences that were sta-
tistically significant (p<0.05). Table 3 shows a matrix with differ-
ences between RRR techniques among polishing in the upper
part of the matrix and among non-polishing in the lower part.

There was no observed difference among bladed burs, with or
without polishing. Independent of polishing, all bladed burs
were statistically different from AOS. The laser was statistically
different from all bladed burs in the absence of polishing, and it
was not different from 6- to 12-bladed burs when polishing was
performed. No difference between the laser and AOS could be
observed in the absence of polishing; the two techniques were
different when polishing was performed.

Surface Roughness Analysis

Analysis of variance showed that both techniques (<0.001) and
polishing (0.0446) interfered in the final roughness, with signifi-
cant interaction between technique and polishing (0.0006). The
mean comparison revealed that the interaction was due to the
differences in polishing only for laser treatment. Polishing did
not affect any other treatment.

Box-plots depicting roughness distribution and polishing status
are shown in Figure 4 (no. 1-without polishing and no. 2-with
polishing). There was no statistical difference between the multi-
blade burs, regardless of whether final polishing was performed
or not (Table 4). All other comparisons between AOS and laser
and blades were statistically significant, except for difference be-
tween AOS and blade-6 among the samples without polishing
(Table 5).

SEM Evaluation

SEM micrographs obtained from each method of RRR (Figure
5-9) showed that after polishing, the surface on which the AOS
was used showed fewer irregularities (Figure 8). The 6-, 12-, and
30-bladed tungsten carbide burs showed surface irregularities
even when final polishing was performed (Figure 5-7).

SEM micrographs obtained using AOS and laser showed that
both techniques caused very irregular enamel surfaces (Figure
8,9).

DISCUSSION

With the emergence of new materials and techniques in den-
tistry, research has been conducted to evaluate the possibility
of their use in the dental clinic. Thus, orthodontics has been
searching for new technologies to RRR adhered to the enamel
after debonding procedures. Among the most used techniques,
multiblade burs are the most common (11, 26, 27). Various bur
shapes and different blade types are available for clinical use.
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Table 3. Surface roughness means difference and 95% confidence interval between techniques among polished and non-polished

Polishing
Blade-30 Blade-12 Blade-6 AOS Laser
No polishing  Blade-30 1 34(-3.85t010.69) 6.90(-037t014.17)  —26.84* (-34.12t0—-19.57) 7.65*(14.93 10 0.38)
Blade-12 34(-3.84t010.70) 1 348(-3.79t010.76)  —2343*(-30.70to-16.15)  —4.24(11.51to—3.03)
Blade-6 3.70(3.57 t0 10.98) 0.27 (-7.00 to 7.55) 1 —19.95* (-27.22 to —12.67) 0.76 (6.5 to 18.04)
AOS 21.65*(14.371028.92) 1822*(10.94t02549) 17.9%(10.87 t0 25.2) 1 19.19% (11.91 to 26.46)
Laser 16.71*(943t023.98)  13.28*(6.00 to 20.55) 13.0* (5.73 t0 20.28) 494(-2.331012.22) 1
*Statistically different means (p<0.05) for multiple comparison t

Figure 5. SEM micrograph of enamel surface whose resin remnant was removed by 30-blade tungsten carbide bur: *without polishing and **with

polishing (500X magnification)

Table 4. Profilometry means and difference (um) for polishing

among each removal technique of resin remnants

Polishing
Groups Yes No Dif (95% Cl)* p**
Control 0.1 0.01(0.01 t0 0.21)
Blade-30 0.41 0.38 0.02 (-0.58 to 0.62) 0.9999
Blade-12 0.40 0.49 —0.08 (-0.68t0 0.51)  0.9999
Blade-6 0.72 0.55 0.17 (-0.43 to 0.76) 0.9978
AOS 1.24 1.40 0.15 (-0.75 to 0.44) 0.9990
Laser 3.09 2.21 0.88 (0.28 to 1.48) 0.0002
**95% confidence interval.
**p-value for the comparison between means (Tukey-Kramer post-test, a=0.05).

Thus, 6-, 12-, and 30-bladed burs were evaluated. Moreover, AOS
with 50-um particles and Er:YAG laser were used to remove the
resin remnant after bracket debonding. All techniques were eval-
uated with and without final polishing. Therefore, this investiga-
tion aimed to identify which technique proposed here causes
the least amount of alteration in the enamel surface during the
RRR procedures. Thus, samples were evaluated and compared
using profilometry, whose analysis was obtained in depth, and
roughness, whose analysis was superficial.

The average values obtained in the profilometry analysis, con-
sidering whether or not final polishing, showed that only the

laser technique presented a statistically significant difference.
The higher level of depth recorded with the AOS and laser tech-
niques represented a higher loss of enamel. Although polishing
was not significant between multiblade burs and AOS, polishing
tended to decrease the value found in the profilometry when us-
ing different techniques, with the exception of treatments with
6-bladed burs and AOS, which showed higher numeric values
after final polishing.

The AOS is dispersed, and therefore, a wide surface region
is reached. It is different from the laser, in which the beam is
emitted unidirectionally. A size of 50-um particle may have in-
fluenced dispersion and thus influenced the results and the
greater depth found in the profilometer values when using the
technique. Duration of AOS for RRR, although not observed in
the present study, was measured by SEM during the time inter-
vals of 5, 15, 30, 45, and 60 s and did not cause differences on
the enamel surface, as shown by Sargison et al. (15). In contrast,
Mhatre et al. (16) compared the RRR with carbide burs and AOS
and found a significant difference between them. These authors
found lower values in the profilometry, without a show of appli-
cation time interval and particle size. Thus, larger oxide particles
possibly caused higher and more irregular patterns on surface
wear. Irregularities caused by AOS were also found on surfaces of
extracted human teeth (15). In the present study, polishing pos-
sibly regulated surfaces with fragment fractures formed by AOS.
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Figure 6. SEM micrograph of enamel surface whose resin remnant was removed by 12-blade tungsten carbide bur: *without polishing and **with

polishing (500X magnification)

Figure 7. SEM micrograph of enamel surface whose resin remnant was removed by 6-blade tungsten carbide bur: *without polishing and **with
polishing (500X magnification)

Table 5. Surface roughness means difference and 95% confidence interval between techniques among polished and non-polished

Polishing
Blade-30 Blade-12 Blade-6 AOS Laser
No polishing ~ Blade-30 1 0.10(-0.49t0 0.70) 0.16 (-0.43 t0 0.76) 1.00* (041 t0 1.61) 1.82*(1.22t0242)
Blade-12 0.01 (-0.59t0 0.59) 1 —0.06 (—0.65 t0 0.53) 0.90*(0.31 to 1.50) 1.72%(1.12t0 2.31)
Blade-6 —0.31 (09110 0.28) —0.31(-0.91t00.28) 1 0.84* (0.25 to 1.44) 1.66* (1.16 to 2.25)
AOS —0.84* (-1.45t0-0.24) —0.84* (—1.45t0—0.24) —0.52(-1.2t0 0.07) 1 0.81*(0.21 to 1.41)
Laser —2.68*(-3.28 to —2.08) —2.68*(-3.28t0-2.08) —-237*(-296t0—-1.77) —1.80*(-244to—1.24) 1
*Statistically different means (p<0.05) for multiple comparison t

When comparing RRR techniques, no significant difference was
found among multibladed burs, regardless of whether final pol-
ishing was performed. Among multiblade burs, 6-bladed burs
showed more unsatisfactory performance. It can be verified
from the dispersion of results obtained with the 6-bladed bur
when compared with 12- and 30-bladed burs and the quality of
the enamel surface showed by SEM. Ulusoy (24) observed that

12- and 30-fluted tungsten carbide burs at high speed with wa-
ter coolant are fast and efficient in residual resin removal, but
the resultant enamel surface with enamel scars needs to be fin-
ished by other polishing techniques. Although this investigation
showed lower surface alterations, scratches on the surface were
found when a 30-bladed bur was used, even when final polish-
ing was performed.
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Figure 8. SEM micrograph of enamel surface whose resin remnant was removed by AOS: *without polishing and **with polishing (500X
magnification)

Figure 9. SEM micrograph of enamel surface whose resin remnant was removed by Er:YAG laser: *without polishing and **with polishing (500X

magnification)

Considering AOS and laser, the test specimens on which AOS
was used showed the least favorable results among the per-
formed techniques, as greater wear depth in micrometers was
found in the profilometry. However, considering the condition
in which the final polishing was not performed, AOS was similar
to laser because the depths recorded in both techniques were
similar. This likely occurred because of the laser beam being di-
rected, in contrast to the jet, which was applied in a dispersed
manner. The intensity used in the irradiation and concentration
of this beam in a smaller area than that obtained with sandblast-
ing (jet dispersion and particle thickness) is possibly responsible
for a smaller depth of surface changes than observed with the
laser technique. Both sandblasting and laser were statistically
different from the three multiblade tips, corroborating the study
by Almeida et al. (17).

However, provided that the final polishing was performed, re-
sults for laser were similar to those of 6- and 12-bladed burs, but

statistically different from abrasion and 30-bladed burs. Final
polishing was important for all techniques, although the laser
technique caused a decrease in the surface depth in microme-
ters, probably because of fractures or irregularities left during
its application, leading to a smaller dispersion of the results ob-
tained with polishing. This result is in agreement with Howell
and Weekes, who affirmed that polishing performed after RRR
might cause loss of the enamel. This loss is proportional to the
time spent on the procedure (25).

In the present study, significant surface alterations were caused
by the laser, as shown by the depths recorded by the profilome-
ter and SEM, according to Ahrari et al. (8) and Kwon et al. (19).

When analyzing the surface roughness data, the mean values
obtained by all of the techniques were higher than that recorded
for the control region, corroborating the study by Kim et al. (22),
who compared the RRR with low-speed tungsten bur and AOS.
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In the present study, both multiblade burs and AOS did not show
significant differences.

No statistically significant difference was observed between
multiblade burs for the different techniques used for removing
resin remnants under conditions in which the final polishing was
or was not performed.

Comparing all multiblade burs with the other techniques, only
the 6-bladed bur without polishing was statistically different
from the control and similar to AOS. The other results of AOS and
laser were statistically significant, thus showing more damage to
the enamel surface. Comparing the condition in which the final
polishing was performed, the 6-, 12-, and 30-bladed burs were
equal to each other and the control among all the techniques
used. AOS and laser were statistically different from the control
and all multiblade burs.

Among all the investigated techniques, the 30-bladed bur
showed fewer surface alterations. This information is in disagree-
ment with the study by Degrazia et al. (28). Despite improving
surface quality, final polishing does not remove deep scratch-
es, as previously reported (5). It is important to point out that
it made no difference whether or not polishing was performed
when using different multiblade burs.

Comparing the results from profilometry and surface roughness,
it was observed that the 6-bladed bur showed higher dispersion
of results, both with and without final polishing, although the
6-bladed bur did not show a significant difference from the results
of the other two multiblade burs. Regarding surface roughness,
6-, 12-, and 30-bladed burs showed a more regular surface, with
no statistical difference among them, although the results of the
30-bladed bur left the surface more similar to the control region.

The literature has shown that multiblade burs cause the least
amount of harm to the enamel and are the most indicated for RRR,
which was also found in the present study (11, 12, 14, 23, 28).

Regarding AOS, although the profilometry analysis showed a
higher depth and dispersion of results, the surface roughness
analysis showed a less rough surface than that of the laser. The
laser showed a lower depth in the profilometry analysis than in
the AOS. However, surface quality observed in the roughness
evaluation was comparatively less favorable when using laser
than that found for AOS.

In extrapolating from the clinical orthodontics, among all the
used techniques, AOS is the one that caused more enamel wear,
whereas Er:YAG laser caused more irregularities, which favored
the accumulation of biofilm.

All of the used techniques caused superficial irregularities and
enamel loss, which could not be quantified. Thus, enamel thick-
ness was not quantified in the evaluated surfaces. This evalu-
ation could have shown how much of the enamel was lost, in
addition to comparing the experimental areas with the control
areas. Only two randomly selected teeth from each group were

evaluated by SEM. The results would be more consistent if all
the teeth had been subjected to electron microscopy. An in situ
study will likely bring greater applicability to the clinical practice.
It was, in fact, a limitation of the present study.

CONCLUSION

«  The null hypothesis was rejected.

«  Multiblade burs promoted fewer irregularities in the enamel,
as they were less harmful than the other techniques, regard-
less of whether the final polishing was performed or not.

+ AOS caused greater wear on the enamel surface, where-
as the Er:YAG laser caused the largest irregularities on the
enamel surface.
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ABSTRACT

Objective: The aim of the present study was to compare the shear bond strength (SBS) of three different fluoride-releasing bonding
agents with a conventional adhesive system.

Methods: Eighty-four extracted human premolar teeth were separated into four groups and embedded in acrylic molds consisting of
21 teeth in each group. Brackets were bonded with Transbond XT in group 1, Clearfil SE Protect Bond in group 2, LED Proseal in group
3, and Opalseal in group 4. After bracket bonding, the teeth were thermocycled 1000 times. SBS test was performed, and Adhesive
Remnant Index (ARI) scores of the groups were assessed.

Results: One-way analysis of variance test was used to compare the significant differences between the groups. Chi-square and Fish-
er’s exact tests were used to evaluate ARI scores. The Opalseal group showed the highest bond strength, but there was no statistically
significant difference between the groups in SBS values (p=0.067). The results of ARI scores were statistically significant.

Conclusions: All bonding materials used in the study showed clinically sufficient bond strengths.

Keywords: ARI, bonding, fluoride, orthodontic brackets, shear bond strength

INTRODUCTION

It is difficult to maintain oral hygiene when the fixed orthodontic appliances are placed on the teeth. Resid-
ual adhesive and rough surfaces of brackets, arch wires, or ligatures may increase bacterial colonization, and
tooth demineralization may occur (1). During fixed orthodontic treatment, demineralization is one of the major
problems, especially in patients with poor oral hygiene (2-4). The first step of demineralization is white spot
lesions (WSLs), and these lesions could be seen clinically exactly 4 weeks after the beginning of orthodontic
treatment (5). The frequencies of WSL were reported to be between 2% and 96% in orthodontic patients and
25% in non-orthodontic patients (2-6).

It has been reported that the use of fluoride during orthodontic treatment reduces demineralization (4-6). The
uses of fluoride-containing toothpastes, mouthwashes, and gels require patient cooperation, but applications
of fluoride-releasing glass ionomer cements, fluoride-added composites, fluoride-releasing bonding agents,
fluoroelastomeric ligatures, or fluoride lacquers need no cooperation. The use of fluoride-containing bonding
agents during orthodontic treatment is a non-patient-dependent protective action.

In orthodontic direct bonding, acid etchant is used to remove prismatic and interprismatic enamels, and after
that a primer (bonding agent) is applied to the enamel to form resin tags. Orthodontic adhesive can penetrate
the enamel surface by the aid of a bonding agent (7, 8).

Conventional or fluoride-releasing bonding agents can be used in orthodontic bonding. Fluoride-releasing
bonding supplies fluoride ions by the aid of the aqueous oral environment, and these ions penetrate the enam-
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el prisms. Fluoride ions transform the hydroxyapatite crystals to
fluorohydroxyapatite, and the structure of the enamel becomes
more resistant to acid attacks and caries. Therefore, this strong
fluorohydroxyapatite barrier may have different effects on the
bond strength of orthodontic brackets (9).

The effect of bonding agents on bracket bond strength was
previously reported in several studies (10, 11). Various brands of
bonding agents are present in the market, and bond strength of
these agents is critical for orthodontists. Therefore, the aim of the
present study was to compare the shear bond strength (SBS) of
three different fluoride-releasing bonding agents with a conven-
tional bonding agent. The null hypothesis of the present study
was that the fluoride-releasing bonding materials do not have
any effect on the SBS of orthodontic brackets.

METHODS

Sample size estimation was performed prior to the study using the
G*Power 3.0.10 software with a 95% confidence interval (Cl) and a of
0.05 to detect a significant difference of 1 MPa in SBS value, and it was
determined that to have a power of 80%, there should be 19 teeth in
each group (12). According to sample size estimation, 84 human first
premolar teeth were used in the present study, meaning that 21 teeth
were included in each group. Inclusion criteria were as follows: teeth

Figure 1. Plastic cylindrical molds

Figure 2. Testing apparatus

were not extracted for periodontal purpose and teeth with no caries,
no filling or restoration, no crack on the surface of the enamel, and no
malformation on the vestibule surface. The study was approved by
the Research Ethics Committee of istanbul Medipol University. (pro-
tocol no. 10840098-604.01.01-E.5731, 21/04/2016).

The enamel surfaces were assessed before the experiment by us-
ing a stereomicroscope (SZX10; Olympus, Japan) at 10x magnifi-
cation, and the teeth that did not meet the criteria were excluded
from the study. The teeth were washed to remove organic debris
and were kept in a 0.1% thymol solution to prevent degradation
of the enamel structure and bacterial colonization.

Preparation of Acrylic Molds

The teeth were removed from the thymol solution, washed, and
dried, and grooves were opened using a diamond bur on the
root surface to provide retention before embedding to acrylic
blocks. The teeth were embedded in acrylic blocks vertically to the
ground, and the long axis of the teeth up to 1 mm apical of the
cement-enamel junction was exposed (Figure 1). Plastic cylindri-
cal molds with a 25 mm inner diameter and 30 mm height were
used to prepare acrylic blocks. The vestibule surfaces of the teeth
were brushed with a micromotor for 15 s using a soft brush and a
fluoride-free pumice, washed for 15 s, and then dried. The teeth
were treated with 37% phosphoric acid, each bonding material
was applied in accordance with the manufacturer’s instruction,
and then all of the brackets were bonded with Transbond XT adhe-
sive (3M Unitek, Monrovia, CA, USA). Light curing of the adhesive
was performed for 20 s using 3M Espe Elipar S10 (3M ESPE, Seefeld,
Germany). Brackets were bonded with Transbond XT (3M Unitek)
in group 1, with Clearfil SE Protect Bond (Kuraray Medical Inc., To-
kyo, Japan) in group 2, with LED Proseal (Reliance Orthodontics, IL,
USA) in group 3, and with Opalseal (Opal Orthodontic; Ultradent,
South Jordan, UT, USA) in group 4. After bonding of the brackets,
all groups were kept in distilled water at room temperature for 24
hours and then subjected to thermocycling with a thermal cycler
(SD Mechatronik Thermocycler THE-1100; Feldkirchen-Westerham,
Germany). The samples were immersed in water baths at tempera-
tures between 5 °C and 55 °C for 1000 times. The samples were set
to have a waiting time of 30 s and a transfer time of 5 s in each bath.

SBS Test

SBS tests were performed by a Universal Test Machine (Shimad-
zu Autograph AGS-X, Japan) at a crosshead speed of 1 mm/min
loading on bracket-tooth interface by using a 0.5 mm thickness
blade (60° cut end face, Shimadzu toothed pushrod B, Japan)
(Figure 2). The specimens were placed as their long axis was
vertical to the ground and fixed in the mesiodistal direction by
using two screw plates to avoid their rotational movement. The
force at debonding of the bracket was recorded in Newton (N);
thereafter, the results were converted to megapascals (MPa) by
dividing the force value (N) into the bracket base area (mm?). The
bracket surface area was 11.98 mm? according to the manufac-
turer'sinstruction. The buccal surfaces of the teeth were assessed
using a camera of a stereomicroscope (SZX10; Olympus) at 20x
magnification. Residual adhesive on the teeth surface was classi-
fied using the Adhesive Remnant Index (ARI) (13). The ARl scores
were as follows: 0: no adhesive residue on the tooth, 1: <50% of
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adhesive remains on the tooth, 2: >50% of adhesive remains on
the tooth, and 3: all the adhesive remains on the tooth (Figure 3).

Two samples from each group were examined at 40x and 250x
magnification by using a scanning electron microscope (Zeiss
EVO LS 10; Carl Zeiss, Oberkochen, Germany) (Figure 4-7).

Figure 3. a, b. ARl views of the sample brackets and teeth.

(A1) ARI 1 score bracket view. (A2) ARI 1 score tooth view. (B1) ARI 2 score bracket
view. (B2) ARI 2 score tooth view

!
I iTe 200k WD = 14.0

Figure 4. SEM view of the Transbond XT sample
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Statistical Analysis

Data were evaluated by Statistical Package for Social Sciences
version 22.0 (IBM Corp.; Armonk, NY, USA). Shapiro-Wilk test was
used to evaluate the normality of the data. One-way analysis of
variance (ANOVA) test was used to compare group differences.
Tukey HSD (Honestly Significant Difference) test was used for
post-hoc comparisons. Chi-square and Fisher’s exact tests were
used to evaluate qualitative data. A p value <0.05 was consid-
ered as significant.

RESULTS

SBS Test Results

The results of SBS tests are given in Table 1. There was no statisti-
cally significant difference in SBS between the groups (p=0.067).
The Opalseal group showed the highest bond strength
(12.56+2.32). The lowest bond strength was measured in the
Proseal group (10.66+2.06).

ARI Scores

The results of ARI scores are given in Table 2. There was a statis-
tically significant difference between the groups with respect to
ARI scores (p=0.016 and p<0.05). There were no ARI scores of 0
and 3.

Figure 5. SEM view of the Clearfil sample
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DISCUSSION

Fluoride-containing materials are widely used to prevent WSLs in
orthodontic practice. It is possible to measure the bond strength
of brackets in in vivo and in vitro conditions. Murray and Hob-
son reported that there is a difference in force values between
these two conditions in their study (14). The mean bond strength
values of brackets were found to be 9.78 MPa in vitro and 14.34

MPa in vivo. Researchers have usually preferred to perform in vi-
tro bond strength tests instead of in vivo ones because of the
difficulty of intraoral measurements of bond strength (10-12).
Therefore, bond strength values were measured in vitro in the
present study.

The incisor, premolar, and molar teeth can be used in SBS tests
(10-12, 15). Human premolar teeth were used in the present

Table 1. Shear bond strength values of the compared groups stratified by one-way ANOVA test and Tukey HSD test results

One-way ANOVA Tukey HSD
Shear bond strength

(MPa) Mean+SD Mean difference  95% Cl (min) 95% ClI (max) p
Transbond XT 11.55+3.06 Transbond XT-Clearfil 0.800 —2.875 1.275 0.743 (NS)
Clearfil 10.75+2.70 Transbond XT-Opalseal 1.010 —-1.065 3.085 0.580 (NS)
Opalseal 12.56+2.32 Transbond XT-Proseal 0.890 —2.965 1.185 0.675 (NS)
Proseal 10.66+2.06 Clearfil-Opalseal 1.810 —-0.265 3.885 0.109 (NS)
p 0.067 (NS) Clearfil-Proseal 0.090 -2.165 1.985 0.999 (NS)

Opalseal-Proseal 1.900 —3.975 0.175 0.084 (NS)

*p<0.05.
NS, non-significant.

Figure 6. SEM view of the Opalseal sample

Figure 7. SEM view of the Proseal sample
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Table 2. Comparison of ARI scores between the groups based on

Fisher's exact and chi-square tests

ARl scores n (%)
0 1 2 3
Transbond XT 0(0) 5(23.8) 16 (76.2) 0(0)
Clearfil 0(0) 0 (0) 21(100) 0(0)
Opalseal 0(0) 0(0) 21 (100) 0(0)
Proseal 0(0) 4(19) 17 (81) 0(0)
#*p<0.05.

study because they can be easily obtained by orthodontic ex-
tractions.

Dental materials are subjected to thermal, mechanical, and
chemical stresses in the mouth. Applying thermal cycle or water
retention process to the dental materials allows to simulate oral
conditions. Application of thermal cycling was previously report-
ed to make a decrease in SBS values (16-18). The thermal cycling
was usually conducted between 5 °C and 55 °C in different num-
bers of cycle, such as 500, 1000, 2000, 10,000, and 20,000. Bisha-
ra et al. (19) demonstrated that there is a significant reduction
in bond strength of a cyanoacrylate-containing adhesive up to
80% after 500 cycles of thermal cycling. However, Hasegawa et
al. (20) suggested that the effect of 500 rounds of thermal cy-
cling will not be sufficient to change the bond strength. In light
of this knowledge, 1000 rounds of thermal cycle between the
temperatures of 5 °C and 55 °C were applied to the specimens in
the present study.

Different brands of universal testing machines were previously
used for SBS tests (10-12). The angle and the speed of the blade
can change the reliability of SBS tests. As the angle of the applied
force changes, the SBS is also affected. Klocke and Kahl-Nieke
(21) reported that as the blade angle changes from +15° to —45°,
the connection force values decrease from 22.9 MPa to 6.65 MPa.
In our study, the parallelism of the blade to the long axis of the
bracket was checked before each force application. Bishara et al.
(22) stated that if the blade speed decreases from 5 to 0.5 mm/
min, the bond strength increases from 7 to 12.2 MPa. The test re-
liability of in vitro studies decreases as the blade speed increases;
therefore, we used a blade with a crosshead speed of 1 mm/min
(10-12, 23).

Reynolds (2) stated that the bond strength values of the brackets
should be in the range of 5.9-7.8 MPa or above in clinical and
4.9 MPa in laboratory conditions. Enamel fracture strength was
known as 14 MPa, and it was reported that an increase in the risk
of enamel fracture can be seen over the value of 10 MPa. The de-
sired mean values of SBS were criticized in previous studies, but
no consensus was present in the literature (25-27). All groups in
our study provided sufficient SBS values.

Artun and Bergland (13) defined the ARI score to assess the
adhesive remnants, which is still widely used today, and in our
study, the original ARI score was performed (12, 23, 28, 29). The
failure type is not only related with the applied debonding force
but also related with the type of the adhesive and the bracket

base design (29). In our study, although statistically significant
differences were observed in ARI scores between the groups,
the results were generally concentrated in ARI 2 score. Although
bonding materials were different, the use of the same bracket
and adhesive might have an effect on the similarity of ARl scores.
The ARI 2 score shows that debonding occurred at the bracket-
adhesive interface. Bishara et al. (30) advocated the failure that
occurred in the bracket-adhesive interface and stated that this
type of debonding can reduce enamel fractures.

The results of our study were compared with other similar stud-
ies in the literature. However, the lack of standardization in many
factors, such as the type of teeth, storage conditions, preferred
acid type, type of the adhesive, bracket type, light curing device,
and light curing time, whether thermal cycle is applied or not,
and the crosshead speed of the test device prevented us to per-
form the precise comparison. Korbmacher et al. (23) compared
the SBS values of a conventional bonding agent (Transbond XT)
with fluoride-releasing self-etching primer (Clearfil Protect Bond,
CPB) and found that SBS results and ARI scores of their study were
consistent with our study. Arhun et al. (31) evaluated the SBS
values of Adper Prompt L-Pop (3M ESPE, St. Paul, MN, USA) self-
etch adhesive, CPB, and Transbond plus self-etching primer (3M
Unitek) in their study and found a significant difference between
the groups. CPB showed the highest SBS value of 13.85+4.32 MPa.
Although the etching process was not performed before appli-
cation, the SBS values of CPB was higher than that of our study.
Application of thermal cycle might have decreased the bond
strength in this study. Tuncer et al. (10) assessed the SBS values of
Transbond Self-etching Primer (3M Unitek) and Ortho-Coat, CPB,
and CPB+Ortho-Coat. The mean SBS value of the CPB group was
13.48+1.78 MPa, which was higher than that of our study, and
this result can be attributed to the absence of thermal cycle in
their study. No significant difference was observed in ARI scores
between the groups, and the majority of the failures were in the
enamel-adhesive interface in contrast to our study. Minick et al.
(28) used Aegis Ortho (Bosworth Co., IL, USA), CPB, iBond, Clearfil
S3 Bond (Kuraray, USA), and Transbond XT (3M Unitek) combined
with metal brackets and bovine teeth in their study. Transbond XT
showed 10.05+0.84 MPa, and CPB showed a 7.5+0.79 MPa bond
strength exactly after bonding. The specimens that were tested
after 24 h showed 10.11+1.02 MPa and 6.09+0.56 MPa SBS values,
respectively. Lower SBS values of samples may be related to the
use of bovine teeth in that study. On the other hand, CPB showed
clinically sufficient bond strength values, and the ARI scores were
similar to our study. Raji et al. (32) assessed the SBS values of Trans-
bond XT and CPB, and they could not find a significant difference
between the groups. The SBS values and ARI scores of their study
were consistent with our study. Soake et al. (33) evaluated the SBS
values of Clearfil SE, CPB, Prompt L-Pop, and Reliance self-etching
primer and found that the mean SBS value of CBP is 11.94+2.74
MPa, which was similar to our study.

Bishara et al. (34) investigated the effects of Proseal on the bond
strength of orthodontic brackets comparing with conventional
bonding agent, and no significant difference was found between
the groups. Furthermore, the mean SBS value of the Proseal group
was found to be 4.8+2.3 MPa. Although the SBS value of Proseal



Turk J Orthod 2020; 33(1): 52-8

Yetkin and Sayar. Fluoride Bonding and Bond Strength

was clinically sufficient, it was quite low compared with the SBS
value in this study. This difference may have been related to the
application of SBS tests exactly 30 min after bonding of the brack-
ets and use of molar teeth in that study. Paschos et al. (35) assessed
conventional and self-etch adhesive systems whether they affect
the bond strength. As a result, they found that the use of Proseal
had no negative effect on the bond strength. The bond strength
of Proseal after 500 cycles of thermal cycling showed a very close
result (10.8+2.9 MPa) to our findings. Similar to our study, the ARI
scores were concentrated in 2 scores. Varlik and Ulusoy (36) report-
ed that Proseal does not have a significant effect on the SBS values
of any group in their study. The Proseal-metal bracket combina-
tion group presented a mean value of 6.65+1.01 MPa, which was
lower than that of our results. This difference may have originated
from the use of different types of bracket and adhesive.

Hofmann et al. (37) combined three different kinds of fluoride-re-
leasing bonding materials and a conventional bonding agent
(Transbond XT) with four different kinds of orthodontic brackets.
Similar to our study, they stated that all bonding materials pre-
sented adequate SBS values for clinical application. Furthermore,
Transbond XT showed the highest SBS values among the other
fluoride-releasing agents.

Kirschneck 2019 et al. (38) used Proseal in their prospective split-
mouth study, and they stated that the use of enamel sealant
before bracket bonding may increase the probability of bond
failure especially in the lower jaw. They concluded that it is
more suitable to use fluoride-releasing materials adjacent to the
brackets after bracket bonding.

The nature of the present study was a limitation, and in vivo
studies would provide more precise knowledge about this issue.

The study would be more valuable if the calcium and fluoride
mass of the enamel could be measured with energy dispersive
X-ray microanalysis.

CONCLUSION

« There was no statistically significant difference between mean
SBS values of the Transbond XT, Clearfil SE Bond, Opalseal,
and LED Proseal groups. The null hypothesis was accepted.

« The highest SBS values were measured in the Opalseal group,
followed by the Transbond XT, Clearfil SE Protect Bond, and
Proseal groups, respectively.

« The bond strength of all groups were above the desired SBS
value of 6-8 MPa.
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ABSTRACT

Objective: This systematic review intends to evaluate the dimensional changes in upper airway dimensions (UAD) of the respiratory
tract subsequent to orthodontic treatment of skeletal Class Il malocclusion with Twin Block Appliance (TBA).

Methods: The quality of reporting systematic reviews and meta-analyses was decided by the PRISMA standards with PROSPERO
registration number CRD42017060317. The systematic search included EMBASE, MEDLINE, Psych INFO, Scopus, CINAHL, and other
reference journals and review articles. The article search was performed from March 2017 until November 2017. Cochrane's risk of
bias in non-randomized studies - of interventions (ROBINS-I) was used to grade the methodological quality of the included studies.
Results: The screening procedure identified 302 studies, among which seven studies satisfied the inclusion criteria for eligibility. The
UAD at the pretreatment time varied from 7.2 mm to 41.9 mm with a mean of 14.16 mm. The post-treatment change in UAD ranged
from 8.2 mm to 43.7 mm with a mean of 15.6 mm.

Conclusion: There was a significant increase in UAD following the TBA treatment in the patient group as compared to the control
group.

Keywords: Systematic review, twin block appliance, upper airway, Class Il malocclusion

INTRODUCTION

Class Il malocclusion is one of the most commonly encountered problems in orthodontic practice and is associ-
ated with functional, esthetic, and psychological problems of varying intensities. A change in the upper airway
volume due to narrowing of the airway dimensions is a commonly encountered problem in developing Class
Il malocclusion with a retrognathic mandible (1). The retarded mandible causes the backward displacement of
the tongue and hyoid bone, which in turn leads to a reduction in the upper airway volume. Constriction of the
upper airway is one of the causative factors for the development of obstructive sleep apnea (OSA) syndrome (2).
A majority of patients with OSA present with skeletal Class Il malocclusion with a deficient mandible. Studies
have shown that the nasopharyngeal area and depth were significantly higher among individuals with normal
occlusion as compared to subjects with Class Il malocclusion and the oropharyngeal airway volume was directly
correlated with the length of the mandible (1, 2).

Many treatment modalities have been developed to treat Class Il malocclusion with a retrognathic mandible.
Functional appliances like mandibular advancement devices, activator headgear treatment, Twin block appli-
ances, and fixed appliances like Forsus-fixed functional appliance and fixed appliance with activator headgear
were used with or without surgical correction (3-7). Studies have shown that if the skeletal Class Il malocclusion
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is diagnosed at an early age, the best treatment option is the use
of functional appliances, which allows the forward growth of
the mandible and prevents upper airway collapse during sleep
(7, 8). However, the functional appliance treatment requires pa-
tient cooperation in order to be effective, which is often a major
problem. The Twin Block appliance (TBA) is one of the preferred
removable functional appliances used in correcting retrognathic
mandible in Class [l malocclusion (7, 9-16). A majority of the stud-
ies showed the use of TBA increases pharyngeal airway dimen-
sions through the forward movement of the mandible and hyoid
bone (7, 9-14); few studies showed negative results (15, 17). Thus,
the effect of TBA on upper airway dimensions (UAD) remains un-
certain. Previously, two systematic reviews have been conducted
to assess the changes in airway dimensions following functional
appliance treatment of Class Il malocclusion (18, 19). The evalua-
tion of the dimensional changes in upper airway subsequent to
orthodontic treatment of skeletal Class Il malocclusion with TBA
was the principal objective of this systematic review.

METHODS

The systematic review is constructed in accordance with Pre-
ferred Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) standards of quality for the planning, conduct-
ing, and reporting of systematic reviews and meta-analyses
(20). The review did not necessitate the approval from the In-
stitutional Review Board and is registered under PROSPERO
(CRD42017060317).

Questions

The study focused on the quantitative effects of the TBA on UAD
changes in Class Il malocclusion. The PICO format was used to
define the research questions of the present systematic review,
which is as follows:

P (Population/Patients): The human subjects with skeletal Class I
malocclusion treated with TBA.

| (Intervention): TBA in skeletal Class Il malocclusion.

C (comparison): Subjects not received or receiving any treatment
with another appliance.

O (Outcome): Changes in UADs (in mm).

Study Eligibility

Only previously published studies in the English language that
investigated the changes in UAD following TBA treatment of
Class Il malocclusion were included in the study. The editorial
letter, case report, in vitro studies, not investigating the changes
in UAD subsequent to Class Il malocclusion treatment with TBA,
studies with syndromes, and cleft lip or palate studies were ex-
cluded from the research

Study Identification

The database search performed included Medline (PubMed,
OVID Medline, and Ebsco), Cochrane library (Cochrane review,
Trails), Web of Knowledge (Social science, conference abstract),

Embase (European studies, pharmacological literature, confer-
ence abstract), CINAHL (Nursing and allied health), Psycinfo (Psy-
chology and psychiatry), SCOPUS (Conference abstracts, scientif-
ic web pages), and ERIC (Education) for specific search strategy
with focused key terms (Class Il malocclusion, skeletal, occlusion,
upper airway, pharyngeal airway, nasopharyngeal airway, oro-
pharyngeal airway, volume, dimensions, changes, evaluation,
Twin block appliance, Clarks twin block, TB).

The gray literature search was performed using the following
databases: Google Scholar, National Library of Medicine, Social
science research for thesis (EthOS, DART-Europe), Open Grey, In-
stitutional repositories (OpenDOAR, Bielefeld Base, Lenus, RIAN,
e-publications@RCSI). In addition, four key orthodontic journals
(Angle Orthodontics, American Journal of Orthodontics and
Dentofacial Orthopedics, Journal of Clinical Orthodontics, and
European Journal of Orthodontics) were searched from their ta-
ble of contents for relevant articles. The article search was per-
formed from March 2017 until November 2017.

Study Selection

All the titles and abstracts were screened independently and du-
plicated to be included in the study. An intra-class correlation co-
efficient of 0.86 was achieved in inter-rater agreement for study
inclusion. Any conflicts among the reviewers were addressed by
discussion to arrive at a consensus.

Risk of Bias Assessment

Cochrane’s tool of the risk of bias in ROBINS-I was used to assess
the risk of bias (21). The domains used to assess the risk of bias
are summarized in Table 2. The included studies were further
graded for each domain as low risk, moderate risk, serious risk,
and critical risk of bias using standardized criteria. The studies
were comparable to a well-performed clinical randomized trial
and the domain in question was considered as having a low risk
of bias. The studies which could not be compared to well-per-
formed randomized trials but were sound for a non-randomized
trial within the domain were considered as having a moderate
risk of bias. The studies containing some important problems
were categorized under serious risk of bias. The studies which
were too problematic to provide any useful evidence on the ef-
fect of the intervention or which give no information on the ba-
sis of the judgment were categorized under critical risk of bias.

Data Extraction and Data Synthesis

The data was extracted independently by two reviewers for the
included studies using a data extraction sheet and any discrepan-
cies were resolved by arriving at a consensus through discussion.
The data extracted from each included study was: first author,
publication year, study type, study quality, sample size, inclusion
criteria, treatment type, UAD changes (before, after, and long-term
treatment), statistical analysis used, and the authors’ conclusion.

RESULTS
Trail Flow

Our search strategy yielded 293 articles and an additional 9 ar-
ticles were identified from the review of references and journal
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Table 1. Descriptive data of included studies

Author/year

Study design

Malocclusion criteria

Intervention type

Statistical analysis

Study conclusion

Verma /2012 R

Vinoth /2013 R

Jena /2013 P

Zhang /2013 P

Ghodke/2014 P

Ali /2015 R

Chand /2017 P

Class Il division 1
G1, G2, G3, ANB >4°
(SN +3 mm)

Skeletal Class Il with RM
(SNB < 80), ANB > 4°,
CVM- stage 2 or 3

Class ll, division 1
malocclusion with RM,
FMA -20° to 25°

Skeletal Class Il with RM,
ANB > 3°, SNB < 80°,
incisor over jet > 3mm

Skeletal Class Il with RM,
SNB < 76°, FMA - 20° to
28°

Skeletal Class Il

malocclusion with RM,
SNB < 78°, ANB > 4°

Skeletal Class Il with RM

TBA

S-TBA

S-TBA
C-MPA

TBA

S-TBA
C - Minor ortho
treatment

S - TBA followed
by fixed
mechanotherapy
C - no treatment

TBA

Paired t-test and
One-way ANOVA

Paired t-test
Paired t-test and
One way ANOVA

Paired t-test

Paired t-test

Mann-Whitney U test

Paired t-test

Significant increase
in PAD

Significant increase
in PAD

TBA more effective
in increasing PAD
compared to MPA

Significant increase
in PAD

Significant increase
in PAD following TBA

Significant increase
in PAD following TBA,
remained stable for
2.5 years

Significant increase

in PAD

G3: group 3, hyper-divergent (SN-MP: >34°)

P: prospective study; R: retrospective study; S: study group; C: control group, G: growing subjects; RM: retrognathic mandible; CVM: cervical vertebral maturity; FMA:
frankfort mandibular plane angle; TBA: twin block appliance; MPA: mandibular protraction appliance; PAD: pharyngeal airway dimensions; PAV: pharyngeal airway
volume; ANOVA: analysis of variance; S: strong; M: moderate; W: weak; G1: group 1; hypo-divergent (SN-MP: <31°); G2: group 2, normodivergent (SN-MP: 31°-34°);

Table 2. Risk of bias assessment of included studies using Cochrane's risk of bias in non-randomized studies of interventions (ROBINS-I)

Author
ROBINS -I criteria Verma Vinoth Jena Zhang Ghodke Ali Chand
BC L L L L L L L
BSP L L L L M L M
BCl S L L L L M L
BDI M M L M M M M
BMD M M L L L L L
BMO L L L L M M L
BSR L L L L L L L
Overall bias M M L L M M M

ate risk of bias; S: serious risk of bias; C: critical risk of bias; NI: no information

BC: bias due to confounding; BSP: bias in selection of participants into the study; BCI: bias in classification of interventions; BDI: bias due to deviations from intended
interventions; BMD: bias due to missing data; BMO: bias in measurement of the outcomes; BSR: bias in selection of the reported result; L: low risk of bias; M: moder-

indices. Among these, 7 articles were identified as suitable for
inclusion in the present systematic review (Figure 1).

Study Characteristics and Study Quality

The data were available from the year 2012 to 2017. Out of the
7 studies included in the review, 4 were prospective studies (2
without controls and 2 without control). Three studies were ret-
rospective studies (2 without controls and 1 with control) (Table
1). Five studies were graded as a moderate risk of bias and 2 stud-
ies were graded as low risk of bias (Table 2). The number of study
participants ranged from 14 to 74 (total n=274), with a mean
of 39.14. In all of the included studies, lateral cephalogram was
used to analyze the upper airway changes. Mean active treat-
ment duration ranged from 4 months to 14.5 months (Table 3).

Changes in Upper Airway Dimension (UAD)

The UAD at the pretreatment time varied from 7.2 mm to 41.9
mm with a mean of 14.16 mm. The post-treatment change in UAD
ranged from 8.2 mm to 43.7 mm with a mean of 15.6 mm. All of
the included studies showed a significant increase in UAD follow-
ing the TBA treatment as compared to the control group (Table 4).

DISCUSSION

The use of functional appliances in the treatment of develop-
ing Class Il malocclusion with retrognathic mandible can bring
the mandible forward, prevent the posterior relocation of the
tongue, and improve pharyngeal airway passage (8). The present
systematic review was conducted to evaluate the dimensional

6l
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Table 3. Summary of sample size, malocclusion type, extraction, retainers used, and treatment duration

15 days interval

Sample size (male, female)/ Reliability Measurement Upper Airway Mean active
Author mean age in years measurement technique measurement treatment duration
Verma 40(18,22)/11.4 12 radiographs at Cephalometric Posterior outline of NA
15 day interval soft palate to PPW
Vinoth 25(12,13)/11-13y NA Cephalometric AA to PNS 14.5m
Jena S-21(11,10)/11.3 NA Cephalometric NA S-93m,C-6.1m
C-16(9,7)/12.8
Zhang 46 (31, 15)/9.7 10 randomly selected ~ Cephalometric PNS to Gonion plane 10.8 m
radiographs
Ghodke S-20(11,9)/10.9 10% randomly Cephalometric NA S-82m
C-18(9,9)/10.9 selected radiographs C-73m
at 15 day interval
Ali S-42(21,21)/104 30 radiographs at Cephalometric Perpendicular line S-81m
C-32(16,16)/10.1 1 month interval, ANB dropped on S-Ba followed-fixed
>4mm from PNS. therapy, 28.3 m
C-3m
Chand 14/12-14y 14 radiographs at Cephalometric PNS to the posterior 4-5m

wall of the pharynx

S: study group; C: control group; m: months; y: years, CBCT: cone-beam computed tomography scans; AB: anterior boundary; PB: posterior boundary; SB: superior
boundary; IB: inferior boundary; S: sella; PNS: posterior nasal spine; SPW: superior pharyngeal wall; SP: soft palate plane; EB: epiglottis plane; PNS: posterior nasal
spine; AA: anterior arch of atlas; PPW: posterior pharyngeal wall; PTM: pterygomaxillary points; NA: not available

Table 4. Summary of results of included studies (Upper airway dimensions (UAD): before, after, and long-term follow-up)

T1 UAD mm T2 UAD mm T3 UAD mm T2-T1 T3-T1

Author mean (SD) mean (SD) mean (SD) mm (SD) mm (SD)
Verma G1 124 (2.4) 13.6 (2.3) NA 1.3 (23)* NA

G2 12.1 (3.5) 13.2 (3.0) NA 1.3(1.3)* NA

G3 10.5(1.4) 12.0(1.8) NA 1.4 (0.9)% NA
Jena S 7.2 (2.04) 9.4 (2.7)* NA NA NA

C 7.7 (3.6) 8.6 (3.7) NA NA NA
Zhang 8.7 (1.8) 12.4 (2.3)** NA NA NA
Ghodke S 9.1 (2.03) 10.7 (2.4)** NA NA NA

C 7.8 (2.1) 8.7 (1.8) NA NA NA
Ali S 32.9(4.5) 33.8 (4.2)* 35.5(4.6) 0.69 26(1.5)*

C 41.9 (4.5) 43.7 (4.4) NA NA 1.8(1.9)
Chand 7.6 (0.7) 8.2 (0.8)* NA 0.6 (0.5) NA
Vinoth 12.02 13.1* NA 1.08 NA
*-P <0.05, ** P <0.001, G1: Group 1, hypo-divergent (SN-MP: <31°), G2: Group 2, normodivergent (SN-MP: 31°-34°), G3: group 3, hyper-divergent (SN-MP: >34°), S:
study group, C: control group

changes in upper airway following orthodontic treatment of
skeletal Class Il malocclusion with TBA.

Inclusion Criteria: In the present study, individuals with Class
Il skeletal malocclusion were included because the degree of
displacement of hyoid bone (superiorly and posteriorly) was
greater in Class Il malocclusion as compared to Class I. TBA is
most commonly used in these malocclusions to increase the
UAD by causing functional mandibular displacement (10-13).
The present systematic review is done in accordance with
PRISMA standards (20) because they are associated with better
reporting of included study quality with a better assessment
of bias within and across the studies included in the present
review.

Changes in Upper Airway Dimension: All the included studies
showed a significantincrease in UAD following the TBA treatment
as compared to the controls. The expansion of the maxillary arch,
along with the forward growth of mandible leads to forward re-
location of the tongue, thereby increasing the posterior tongue
space (7, 10-13, 15, 16). The study by Verma et al. (13) showed a
significant increase in UAD among individuals with skeletal Class
Il malocclusion following treatment with TBA. However, there
were no significant changes in the lower pharynx. This may be
attributed to the fact that TBA causes mandibular advancement
and forward positioning of the tongue, which in turn relieves the
pressure on the soft palate, thus leading to an increase in upper
oropharyngeal dimension and improved airway permeability.
The growth of oropharyngeal muscles caused by forward move-
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Potentially relevant studies identified
and screened for retrieval (n=302)
a. 293 from database search
b. 9 from article reference lists and
journal table of content

Studies excluded, with reasons (n=201)

+ Not original research (106)
»| . Did not measured UAD after TBA (63)
\ + Non Class Il malocclusion (32)

Studies retrieved for more
detailed evaluation
(n=101)

+ Not original research (23)
# | . Did not use measured UAD after TBA (27)

«Non Class Il malocclusion (15)

Studies excluded, with reasons (n=65)

inclusion in the review
(n=36)

Studies excluded, with reasons (n=29)

+ Duplicate report of previously published
\/ data (10)
« Insufficient data to extract effect size (8)
Studies included in the review - No relevant outcomes (5)

(n=7) - Same intervention, different outcomes (4)
+ Measurement of upper airway volume (2)

\ 4

L Studies potentially appropriate for

Figure 1. Flow diagram showing the subject selection of the

systematic review

ment of the mandible increases UAD. Studies (1-4) have shown a
positive correlation between upper airway space and the length
of the mandible. Retrognathic mandible results in the reduction
in UAD by causing the tongue to be positioned posteriorly. TBAs
are constructed in a protrusive bite that effectively modifies the
occlusal inclined plane, which causes forward growth of the
mandible and in turn increases UAD (9, 14).

Method of measurement of airway dimensions: All the stud-
ies which measured the UAD used the two-dimensional lateral
cephalograms (7, 10-13, 15, 16). The main limitation with lateral
cephalogram is that it cannot reveal changes in the transverse di-
mension but the alternative of CBCT imaging is associated with
high radiation dose (9, 14, 22, 23). As the area measurements of
the pharyngeal airway correlate more closely with linear mea-
surements than that of the three-dimensional measurements,
the conventional lateral cephalogram still remains a reliable di-
agnostic tool for monitoring the pharyngeal dimensions when
utilizing area measurements.

This systematic review presented with a limitation; a me-
ta-analysis could not be performed because there was het-
erogeneity across the studies. Heterogeneity results from dif-
ferences in race and variations in growth patterns, which act
as confounders and controls in case of ethical limitations. The
construction of forest plots or funnel plots was not appropri-
ate for the included studies. A simple descriptive and stratified
comparison was able to be reported due to the disparate na-
ture of the studies.

CONCLUSION

From the results of the explicitly selected studies included in
this systematic review, it can be concluded that the use of Twin
Block appliance for the correction of Class Il skeletal malocclu-
sion resulted in significantly greater improvement in increasing
the UAD from 7.2 mm to 41.9 mm with a mean of 14.16 mm at

pretreatment time to 8.2 mm to 43.7 mm with a mean of 15.6
mm at post-treatment time as compared to the controls.
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ABSTRACT

To devise a comprehensive treatment strategy for patients with Class Ill malocclusion, it is critical to address etiology in the process
of differential diagnosis. Growth prediction has always been a part of the deduction science. It is important not only in treatment
planning and treatment provision, but it is equally important in the evaluation of prognosis during retention and after retention. The
visual treatment objective by Ricketts is a complete analysis and the first of its kind defining every aspect of malocclusion and also
assessing where the etiology lies. Here, we present one such case of skeletal Class Il in which the growth prediction has played a vital
role in the comprehensive treatment planning and treatment outcome.

Keywords: Growth prediction, orthognathic surgery, skeletal discrepancy

INTRODUCTION

The incidence of Class lll malocclusion comprises a meager amount of the average orthodontic practice, but
these are among the most demanding and at the same time rewarding cases to treat effectively and comprehen-
sively. In the bygone days, Class lll malocclusions were believed to be solely due to the prognathic mandible (1).
Present knowledge of etiology has revealed that it can occur due to maxillary retrognathism, mandibular prog-
nathism, or a combination of both. Another possible etiology can be due to a centric relation-centric occlusion
shift leading to a mesial shift of the lower arch in the truancy of a true maxillomandibular skeletal discrepancy
(pseudo-Class lll). Therefore, the treatment strategy must be devised considering a myriad of factors such as the
growth status, age, the severity of the skeletal dysplasia, severity of dental malocclusion, and patient compli-
ance. According to a systemic review and meta-analysis conducted by Daniel et al. (2), the average prevalence of
Class Il malocclusion in combined sample of all races is 7.04% with a range from 0 to 26.67%. Populations from
Southeast Asian countries showed the highest Angle’s Class Ill malocclusion prevalence rate of 15.80% (3-7). The
European studies had an average prevalence rate of 4.88%, and Indian populations had the lowest prevalence
rate of 1.19 % (6-8).

To devise a comprehensive treatment strategy for Class Il patients, it is critical to address etiology in the process of dif-
ferential diagnosis. Growth prediction has always been a part of the deduction science. Baumrind has rightly said that
the ability to predict assists the orthodontist psychologically in the treatment-planning process by removing the so-
called art and adding a little more of science (9). The amount and direction of facial growth have long been regarded as
the key factor in determining the success or failure of orthodontic treatment. The ability to predict craniofacial growth
will accurately improve the reliability of treatment planning (10, 11). It is not possible to know where to position the
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teeth unless it is known where the bony bases will be during and
at the end of treatment. Growth prediction is important not only
in treatment planning and treatment provision, but it is equally im-
portant in the evaluation of prognosis during retention and post
retention (12, 13). Evaluation of the visual treatment objective (VTO)
by Ricketts is a complete analysis and, to the best of our knowledge,
the first of its kind defining every aspect of malocclusion and resolv-

Figure 2. Pretreatment radiographs

ing the etiology where it actually lies. Using this method, the be-
havior of the mandible was predicted in 52 of the 55 patients with a
96% accuracy rate (14). Ideally, it is desirable to come up with a ratio
that can directly predict soft tissue changes form hard tissue move-
ment, but due to significant variation in the soft tissue profile be-
tween individuals, it will not be possible to accurately measure such
changes. Furthermore, it is important to predict soft tissue changes
that can occur with maxillary advancement surgery. Misdiagnosis
of soft tissue responses with maxillary advancement surgery can
result in an undesirable esthetic outcome (15).

Here, we are presenting one such case of skeletal Class Ill in
which growth prediction has played a vital role in the compre-
hensive treatment planning and treatment outcome.

Etiology and Diagnosis

A 14-year-old male patient came to the Department of Orthodon-
tics and Dentofacial Orthopedics with the chief complaint of irregu-
larly placed upper front teeth. On extraoral examination, the patient
had a mesoprosopic facial type with competent lips and noncon-
sonant smile arc. The patient had a straight soft tissue profile. Intra-
oral examination showed (super) Class | molar relation bilaterally.
The upper central incisors were in crossbite and the lateral incisors
were palatally blocked out (Figure 1). The model analysis revealed
13 mm crowding in the upper arch, and the lower midline had
shifted toward the right side by 2 mm. the overbite was 6 mm, the
reverse overjet was 2.5 mm, and the curve of Spee was 2.5mm. Fur-
thermore, there were retroclined lower incisors. All these features
suggested a typical case of Class Il malocclusion in growing age.
A cephalometric analysis revealed that patient was having skeletal
Class Ill malocclusion (ANB=-3°, Wits appraisal=-4 mm) with hori-
zontal growth pattern (FMPA=22°, GoGn to SN=27°) and proclined
upper and retroclined lower incisors (upper incisor to NA=30°, low-
er incisor to NB=17°, IMPA=86°). Grummon’s cephalometric analysis
disclosed the underlying skeletal mandibular asymmetry (Ag-Me:
right 44 mm and left 53 mm, Me-MSR linear: 6 mm) (Figure 2). Based
on clinical and cephalometric findings, our diagnosis was Angle’s
(Super) Class | molar relation superimposed over skeletal Class Il
base relation due to retrognathic maxilla and orthognathic man-
dible with horizontal growth pattern, crossbite in relation to upper
centralincisors, and palatally displaced lateral incisors, over retained
maxillary deciduous canines, straight soft tissue profile, and non-
consonant smile arc, as well as skeletal mandibular asymmetry sup-
ported by Grummon’s analysis (Figure 1, 2) (Table 1, 2).

After meticulous calculations and reaching the diagnosis, the
next critical step was devising a comprehensive treatment plan.
At this conjecture, there were a few possible treatment alter-
natives, but the use of Rickett’s growth prediction helped us to
choose the most appropriate treatment plan.

Treatment Alternatives

Nonextraction, nonsurgical treatment with rapid palatal expan-
sion and facemask followed by extraction of upper first premo-
lars and fixed orthodontic treatment.

Since the cephalometric data of this patient indicated a retrog-
nathic maxilla, a facemask would have been an option to correct
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maxillary sagittal retrognathism. But the ideal time for facemask
therapy is 8-9 years of age, and this patient was 14 years old, and
that was one of the reasons for not considering this approach.

Extraction of upper first premolars, decompensation and surgi-
cal maxillary advancement, and asymmetric mandibular setback,

which would be the treatment that would address all the prob-
lems in this case.

In our surgical treatment objective (STO), the patient’s soft tissue
profile was not looking pleasant with only maxillary advancement,
and furthermore, the patient had asymmetric mandibular growth.

Table 1. Lateral cephalometric analysis

Parameters (mm) Normal Pre-Treatment Pre-Surgical Post-Surgical Post-Debonded
SNA 82 78 79 81 81
SNB 80 81 84 80 80
ANB 2 -3 -5 1 1
Upper Incisor to NA Angular 22 30 28 26 27
Upper Incisor to NA Linear 4 4 5 6 6
Lower Incisor to NB Angular 25 17 22 18 21
Lower Incisor to NB Linear 4 4 6 5 5
Interincisal Angle 131 138 134 135 132
GoGn to SN 32 27 28 29 29
Na-Apg (-8t0 10) -7 -11 2 0
Npg- Fh 82-95 89 91 87 88
Fmpa 25 22 23 24 24
Impa 90 86 88 86 86
Wits Appraisal (-1to 0) (-4) (-9) (-1) (-1)
N-Perpendicular to Point A Oto 1 (-4) (-4) (-1) (-1)
N-Perpendicular to Point Pg 1to3.5 (-2) (+2) (-3) (-3)
Nasolabial Angle 102+8 118 116 100 101

Table 2. Grummon’s posterioanterior cephalometric analysis

Linear Measurements (In Millimeters)

Right Left
Pre-Surgical Post-Surgical Pre- Surgical Post-Surgical
1 Co-Ag 69 71 66 70
2 Ag-Me 44 50 53 49
3 Co-Me 104 109 106 108
4 Ag-Msr 48 45 42 42
5 JPoint- Msr 34 34 32 32
6 Co-Msr 55 58 52 52
Other Measurement
1 Angle Co-Ag-Me 125 123 125 125
Pre- Surgical Post- Surgical
1 Angle Me-Cg-Msr 3° 0°
2 Me-Msr Linear 6 mm 0mm
Frontal Vertical Proportion Analysis
Pre-Surgical Pre-Surgical Post-Surgical Post-Surgical
1 Upper Facial Ratio Cg-Ans : Cg-Me 50:120 0.42 52:122 0.43
2 Lower Facial Ratio Ans-Me : Cg-Me 67:120 0.56 67:122 0.55
3 Maxillary Ratio Ans-A1 : Ans- Me 29:67 0.43 30:70 0.43
4 Total Maxillary Ratio Ans-A1: Cg-Me 29:120 0.24 30:122 0.25
5 Mandibular Ratio B1-Me : Ans- Me 37:67 0.55 37:69 0.54
6 Total Mandibular Ratio B1- Me : Cg- Me 37:120 0.31 37:122 0.30
7 Maxillomandibular Ratio Ans- A1:B1- Me 29:37 0.78 30:37 0.81
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Hence, mandibular setback surgery was also required to correct
prognathism as well as skeletal asymmetry. Since the patient had
a skeletal problem, orthognathic surgery was the only viable op-
tion for correction of the sagittal discrepancy. The ideal time for
surgical correction is after growth completion which is mostly af-
ter 18 years of age. However, to plan accurate surgical treatment
in this patient at this age, we needed substantial evidence of the
growth potential of the jaw bases. Hence, we forecasted the 4-year
mandibular growth using Rickett’s VTO. As displayed in Figure 3,
with the VTO for this patient, we predicted that the mandible
would continue to grow forward significantly leaving the maxilla
behind and worsen the profile in the next 4 years. By this image,
we forecasted that the soft tissue profile would turn into Class llI
from straight and that the patient would require surgical correc-
tion once the growth is ceased. The literature also supports the
accuracy and reliability of Ricketts VTO to be almost 96%.

Wait-and-Watch Approach
One option was to keep patient on routine observation, and once
the growth is ceased, go for surgical correction. However, the pa-

Figure 3. Rickets VTO (visual treatment objective) showing expected
growth of mandible over 4 year period

Figure 4. Presurgical photographs

tient was presented with complex dentoalveolar as well as under-
lying skeletal malocclusion. If we had waited for growth to cease,
perhaps till the age of 18 years, then it would have taken another 2
years for dental decompensation before we could send him for or-
thognathic surgery. At this age when he enters college for an ed-
ucation, peer pressure and appearance are of prime importance.
Thus, parents and patient had rejected this approach.

Distraction Osteogenesis

Another option to think about was the distraction osteogenesis.
However, based on the envelope of discrepancy, this treatment
option would be suitable for more severe skeletal problems that
may not be corrected with orthognathic surgery.

TREATMENT PROGRESSION

After keeping in mind all possible outcomes, we chose the sec-
ond option, which was the extraction of upper first premolars
and dentoalveolar decompensation followed by maxillary ad-
vancement and mandibular asymmetric setback. Treatment was
conducted in three phases.

Presurgical Orthodontics

Treatment was begun at the age of 14 years and 8 months.
Standard 0.022" inch MBT preadjusted straight wire appliance
(3M Unitech) was used throughout the course of treatment.
Following the extraction of upper premolars and deciduous
canines, space was utilized to correct the angulation of upper
anteriors and get lateral incisors and canines in proper align-
ment. Wire progression and space closure were done from the
initial 0.014” NiTi till 0.021"x0.025" stainless steel wire with
appropriate anchorage preparation (Nance appliance). Simul-
taneously, lower arch alignment and leveling were done, and
the arch was prepared till passive 0.021”x0.025" stainless steel
wire. At the end of decompensation, molar relation was end-
on to Class | on the right side and Class Il on the left side, ca-
nines were in Class lll bilateral with 6 mm of reverse overjet,
and midline was shifted toward right side by 2 mm (Figure 4).
Surgical decompensation was achieved in almost 2 years and
7 months. All third molars were removed 6 months before the
surgery, giving enough time for sockets to get mineralized
(Figure 5).

Orthognathic Surgery

Combination of certain dental specialties may offer services with
certain advantages for patients, as well as practitioners (16). Face
bow transfer and articulation of anatomic models was done on
the HANAU articulator (Figure 6), and two surgical wafers (first
one for maxillary positioning and second one for mandibular po-
sitioning) were fabricated as per the mock surgery that was car-
ried out on models (Figure 7). In the mock surgery on the HANAU
articulator, the mounted casts were separated using a handsaw
and repositioned with the help of modeling wax, leaving the 4
mm advancement of the maxillary cast and asymmetric setback
of the mandibular cast (5 mm on right and 3 mm on the left side).
At the age of 18 years, almost after 4 years of the beginning of
the orthodontic treatment, Lefort | surgical procedure was car-
ried out as decided, and the maxilla was repositioned 4 mm an-
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Figure 5. Presurgical radiographs
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teriorly. At the same time, bilateral sagittal split osteotomy was
performed, and the mandible was asymmetrically set back by 5
mm on the right side and 3 mm on the left side (Figure 8-10).
The amount of maxillary advancement and mandibular setback
was calibrated based on presurgical occlusion, profile, and STO.
Initially, in the STO, only maxillary advancement was simulated.
However, with only single-jaw surgery, the profile did not appear
very favorable. Thus, we followed the presurgical occlusion on
casts, and it was noticed that the correction of 9 mm on the right
side and 7 mm on the left side was required to achieve full cusp
Class Il molars and Class | canines bilaterally with coincident mid-

Figure 12. Post-debonded radiographs

lines. Then, we simulated various combination in STO and finally
concluded that the 4 mm maxillary advancement and asymmet-
rical mandibular (5 mm on right and 3 mm on the left side) set-
back were the most favorable surgical corrections.

Postsurgical Orthodontics

Postsurgical orthodontics was initiated after a period of 4 weeks.
Archwires were sequentially changed from 0.017”X 0.025" NiTi to
0.019” X 0.025" stainless steel. Finishing and settling of the final
occlusion were carried out by short settling elastics. Mild Class 3
elastics were used in this phase.

The total duration of treatment was 4 years and 6 months. At the
time of debonding, the patient was having Class Il molar and Class
| canine relationship bilaterally, and upper and lower midlines
were coinciding. Also, the soft tissue profile was mildly convex
and overjet, and the overbite was 2 mm with a consonant smile
arch (Figure 11, 12). Cephalometric superimposition was carried
out on the SN plane, maxillary plane (ANS-PNS), and mandibular
symphysis. This reflects the maxillomandibular movement in the
sagittal plane as per our surgical planning (Figure 13).

DISCUSSION

Whether to wait till growth is over or to plan an orthognathic
surgery right away has always been part of an active debate in
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Figure 13. Superimposition
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orthodontics. Choosing a nonsurgical compromised treatment
or delaying orthognathic surgery until growth is complete could
be damaging to the patient’s self-image. Delaying treatment un-
til adulthood can exacerbate problems related to pain, speech,
airway, anatomy, occlusion, aesthetics, temporomandibular joint
function, masticatory function, and psychosocial factors (17). To
overcome these issues, orthodontists started to incline toward
an early surgical treatment in the growing phase. However, the
determination of the growth rate or vector can be challenging.
In the past, few authors have attempted to predict the facial
growth using various methods such as manual or computerized;
and two-dimensional cephalometric or three-dimensional cone-
beam computed tomography (CBCTs). Out of these methods,
Rickett’s VTO has been reported to be one of the most precise
techniques. In a study that included Turkish children, Kocadereli
and Telli (18) reported statistically significantly higher correla-
tions between predicted and actual measurements of various
parameters. In another independent study on Turkish adoles-
cents, Enacar (19) concluded that there was a high correlation
between the predicted and actual measurements, and mandib-
ular parameters were accurately predicted. In both of these stud-
ies, the authors used Rickett’s long-range growth prediction as a
tool. Furthermore, by presenting this case, we tried to elucidate
that even after so many years following its introduction, Rickett’s
growth prediction is still working as an efficient diagnostic tool.

CONCLUSION

The treatment of dentofacial deformities of young patients is
complex, especially when transverse and sagittal discrepancies
exist, and it requires orthodontic treatment combined with or-
thognathic surgery to achieve stable, functional, and aesthetic
results (20, 21). Prediction must be performed before finalizing
the treatment plan for growing patients. For this particular case,
orthognathic surgery has not have been considered at a young
age since the profile was not severely concave. However, by Rick-
ett’s method, it was predicted how the mandible would grow
and how the patient would look in 4 years. Rickett’s prediction
played a paramount role in deciding our final treatment plan.
Thus, one should always put an emphasis the prediction method
when treating growing children.
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